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Abstract

This research aims to compare a novel cascade extraction method with a conventional solid-liquid extraction
method, both assisted by ultrasounds. The cascade extraction method consists of a sequential series of extractions
performed with the same hydroalcoholic solvent, which is reused from one herb to the other. In practice, a hydroal-
coholic solution is firstly used to extract one botanical herb. The resulting extract is then reused for the extraction
of a second herb. The process is repeated as many times as the number of herbs composing the final formulation.
The main advantage of this approach is firstly the lower need of solvents compared with the individual extraction
procedures, where a fresh solvent is needed on each extraction step. Furthermore, extracts of the two methods
(solid liquid vs cascade extraction) were characterized with several antioxidant assays (DPPH, ORAC, and FRAP)
and total phenolic content (TPC). The results show that the solid—liquid extraction method achieves similar yields
to total phenols and similar TAC in comparison to the extracts obtained by the cascade extraction method. Also,
the HPLC analysis of the extracts showed that both methods lead to similar chromatographic profiles either when
analyzed by an electrochemical detector (CoulArray) or by a spectrometric diode array detector (DAD). However,
our findings support the idea that the cascade extraction method obtains extracts richer of minor peaks, showing
a more complex bioactive profile. Such results could be explained considering that the solvent used during the
series of cascade extractions was enriched not only by antioxidants but also by plant surfactants, like saponins,
which increase the solvent solubility. Overall, this research shows that the cascade extraction method can not only
provide officinal herb extracts with similar phenolic yield and antioxidant capacity than conventional solid—liquid
extraction but also with a more complex bioactive profile compared to traditional solid—liquid extraction and with
a minor consumption of solvents.

Keywords: antioxidant ability; cascade extraction; herbal tincture; HPLC

Introduction

Herbal extracts are hydroalcoholic preparations typically
obtained by maceration or percolation (Karioti et al.,
2011). After extraction with a hydroalcoholic solution,
the resulting extracts contain a complex profile of bioac-
tives that can be used as supplements for human health.
Several studies report the beneficial effect of extracts
obtained from botanicals. For example, according to Dos
Reis et al., the extract of Ptychopetalum olacoides, which

contains tannins, flavonoids, and terpenoids, is used as
a remedy for problems concerning the central nervous
system (Dos Reis and Mendes, 2018). Also, the extract
prepared with Turnera diffusa has anxiolytic and anti-
depressant effects (Ana Maria et al., 2019). However, the
composition in bioactives depends on a proper extraction
technique.

The most traditional way to prepare extracts is the clas-
sical maceration of dry herbs with a hydroalcoholic

ISSN 1120-1770 online, DOI 10.15586/jjfs.v34i2.2137


mailto:matteo.scampicchio@unibz.it

Ding Y et al.

solution, in a solid-to-liquid ratio of 1:-5 or 1:-10.
With slight modifications, other parent techniques have
been developed, like percolation, hydro-distillation,
boiling with reflux, and Soxhlet (Alara et al, 2018).
Unfortunately, such techniques consume large amounts
of organic solvents with high purity, and have limited
extraction yields and low selectivity. Moreover, they need
long extraction times, which may cause the thermal deg-
radation of some sensitive bioactives (Rostagno et al.,
2010).

Recently, the efficiency of the process has been greatly
improved by implementing innovative technologies, such
as ultrasound-assisted extraction (UAE), supercritical
fluid extraction (SFE), and microwave-assisted extraction
(MAE) (Reverchon and De Marco, 2006; Valachovic
et al., 2001; Xia et al., 2011). When traditional extraction
is assisted with such techniques, the duration of the
extraction process is greatly reduced (i.e., a few hours),
maximizing the yield of the extracted bioactives and lim-
iting thermal degradation problems (Valachovic et al.,
2001; Vinatoru et al., 2017).

Despite such improvements, the extraction process still
has some limitations. The most evident is that many
lipophilic bioactives present in herbs (like carotenoids
or terpenes) are scarcely soluble in hydroalcoholic sol-
vents. This clearly limits the potential quality, potency,
and effectiveness of the resulting extracts. For this pur-
pose, some recent researches have tried to overcome
the low solvation capacity of pure hydroalcoholic sol-
vents by the addition of ionic liquids (Han et al., 2011),
lime juice (Cheok et al., 2013), diethylamines (Choi
et al., 2000), and saponins. Through the careful use of
some additives, important solvent properties like vis-
cosity, pH, or polarity can be fine-tuned as required.
This, ultimately, could increase the extraction yield of
bioactive compounds.

A further important limitation on the current use of
traditional extraction techniques is the high solvent
consumption. Generally, for each volume of dry herbs,
5-10 volumes of fresh hydroalcoholic solvent are needed
(Council of Europe, 2019). Although such high solvent to
sample ratio is intended to maximize the yield of extract-
able compounds, it represents a relevant manufacturing
cost, a high energy demand, and an environmental con-
cern (Abubakar et al., 2015).

Accordingly, this work aims to propose a simple but inge-
nious cascade extraction protocol, which reuses the same
initial hydroalcoholic solvent in a series of extraction
cycles. In practice, the procedure starts with a hydroal-
coholic solvent, which is used for the first extraction of
one selected botanical herb. Then, the resulting extract is
recycled for the extraction of a second selected botanical

herb. The procedure continues in a series of extractions,
where the extract of each step becomes the solvent for the
subsequent step. Thanks to such an innovative extraction
procedure, during the reutilizations of the solvent, and
through the wise selection of the herbal sequences, the
hydroalcoholic solvent is progressively enriched not only
with the main characteristic bioactives from each botan-
ical herb but also with natural modifiers, which fine-tune
the viscosity, pH, and polarity of the initial hydroalco-
holic solvent. This, ultimately, will enhance its solvation
capacity, leading to final extracts with richer bioactives
profile, higher yields, and less solvent consumption.

Thus, in this work, the extraction efficiency of a tradi-
tional solid-liquid extraction method is compared with
the proposed cascade extraction approach. Total pheno-
lic content (TPC) together with total antioxidant capac-
ity (DPPH, FRAP, and ORAC) of both approaches were
compared. High performance liquid chromatography
(HPLC) coupled with diode array detector (DAD) and
coulometric array detector (CoulArray) were used to
analyze the bioactive compounds extracted with both
approaches.

Material and Methods
Reagents

Ethanol, Folin—Ciocalteau reagent, sodium carbonate,
gallic acid, 2,5,7,8-tetramethylchromane-2-carboxylic
acid (Trolox), 2,2-Diphenyl-1-picrylhydrazyl (DPPH),
sodium acetate, acetic acid, ferric chloride, hydro-
chloric acid, disodium phosphate, monosodium
phosphate, sodium hydroxide, fluorescein, 2,2’-Azobis(2-
amidinopropane) dihydrochloride (AAPH), HPLC
grade ammonium formate, formic acid, and acetonitrile
were obtained from Sigma-Aldrich (USA). 2,4,6-Tris(2-
pyridyl)-s-triazine (98%) was purchased from Alfa Aesar
(USA). The Milli-Q water was purified by Sartorius
arium® mini (Germany).

Samples

Four varieties of officinal herbs, namely, Ptychopetalum
Olacoides Benth. (stem), Turnera Aphrodisiaca
Willd. (leaf), Schisandra Chinensis baill. (fruit), and
Poligonum Multiflorum Thunb. (root), were kindly
provided by Naturalsalus® and preprocessed based on
their standardized protocols. In brief, the dried herbs
were grounded with a laboratory mill (PerkinElmer,
Laboratory Mill 3100, Germany) and sieved (Retsch,
AS 200, Germen) to reach a uniform size (<250 pm).
The powder was then preserved at ambient tempera-
ture before extraction.
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Figure 1.

Extraction

Extractions were performed with an ultrasound reactor
(STEEL), digital ultrasonic generator, Italy). Briefly, 10 g
of dry herbal powder was mixed with 100 mL of solvent
(water: ethanol = 1:1, v/v) and extracted for 40 min at
40°C. Ultrasound power was set to 60% (345 W, 38 kHz).
After extraction, the resulting solution was filtered (PTFE
0.45 pum, Pall Corporation, USA) and centrifuged (10,000
rpm for 10 min at 20°C, SL 16R Centrifuge, Thermo
Scientific, USA). The resultant supernatant was collected
and stored at —80°C.

Cascade extraction consists of using the extract (obtained
from an extraction step) as the solvent for the next step.
During each step, fresh hydroalcoholic solvent (typically
less than 10% of the initial volume) could be added to
replace the solvent evaporated and trapped in the herb
matrix during the operation, and maintain a fixed initial
sample to solvent ratio (1:10). The experimental con-
ditions of solid-liquid ratio, extraction time, tempera-
ture, and ultrasound power were applied equally to each
extraction step modified from the previous officinal herb
extraction conducted by Rodriguez-Pérez et al. in 2015
(see Figure 1). The optimized sequence used in this work
is the following: Ptychopetalum, Turnera, Schisandra,
and Poligonum. For comparison, individual extraction
was also performed, similar to cascade extraction, which
compensated for the lost solution (100 mL) before per-
forming the analysis.

The process of cascade extraction used in the current research.

Total phenol content

The TPC analysis was based on Margraf et al. with small
modifications (Margraf et al., 2015). Briefly, 110 pL of dis-
tilled water, 10 pL of sample or gallic acid standard, 10 pL
of Folin—Ciocalteu reagent, and 10 pL of saturated sodium
carbonate solution were added to a 96-well microplate.
The microplate was incubated for 120 min at 25°C. Finally,
the absorbance of each well was measured at A = 765 nm
(Tecan, Infinite M Nano*, Switzerland). From the absor-
bance measurements, the total phenol content was
expressed as gallic acid equivalent (GAE) based on a cal-
ibration curve, built with a series of gallic acid standards.

Antioxidant assays

DPPH assay

The free radical scavenging activity was measured with
2,2-diphenyl-1-picrylhydrazyl stable radical (DPPH").
160 pL of DPPH working solution (125 pM) was added
to 40 pL of Trolox standards or herbal extracts into a
96-well microplate. The mixture was left to stand for 30
min in the dark at room temperature. The absorbance
was measured at 515 nm and the result was expressed
based on the Trolox equivalent (Mishra et al., 2012).

FRAP assay
The ferric reducing antioxidant power (FRAP) assay
was conducted based on previous research by Benzie
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and Strain with modifications (Benzie and Strain, 1996).
180 pL of FRAP reagent (pH = 3.6 acetate buffer, 20 mM
ferric chloride, 40 mM TPTZ in 40 mM hydrochloric
acid in 10:1:1 ratio) was added to 20 pL of Trolox stan-
dard or herbal extracts. After incubation for 1 h at 25°C,
the absorbance at 593 nm was recorded and the result
was expressed as pmol TE/g DW.

ORAC assay

The oxygen radical absorbance capacity (ORAC) assay
was performed using the method modified from Prior
et al. (2003). Phosphate buffer (75 mM, pH 7.0) was
used to dilute all the solutions, including fluorescein
(3.19 uM), AAPH solution (111 mM), Trolox, and herbal
extracts. 30 puL of sample or Trolox standard was pre-
mixed with 75 pL of fluorescein and incubated at 37°C for
5 min before adding freshly prepared 75 uL of AAPH in
a 96-well microplate. The fluorescence signal was moni-
tored every minute, during 2 h reaction time with exci-
tation wavelength at 485 nm and emission wavelength at
535 nm. The antioxidant capacity was calculated based
on the area under the fluorescence decay curve and
expressed as pmol TE/g DW.

HPLC analysis

The sample extracts were analyzed with Agilent 1260
Infinity HPLC system with a binary pump, an autosam-
pler with the temperature control system, a DAD (Agilent
Technology, USA), and a 16 channel CoulArray detec-
tor (ThermoFisher scientific, USA). A Kinetex Biphenyl
column (100 x 2.1 mm, 2.6 pm particle size with a pre-
column, Phenomenex, USA) was applied for the separa-
tion of compounds at constant 30°C. The separation was
conducted with 6.5 mM ammonium formate in Milli-Q
water with 0.1% formic acid as phase A, and 6.5 mM
ammonium formate in acetonitrile with 0.1% formic acid
as phase B. 5 pL of the sample was injected with a con-
stant flow rate of 0.3 mL-min’. All the samples were pre-
viously loaded into the autosampler and kept at 5°C before
analysis. The elution gradient was 98% of phase A from
0-8 min, then down to 40% at 20 min, to 5% A at 27 min,
kept constant for 2 min, and the final equilibration was
98% A at 31 min. The DAD detector was set at 280 nm
and the CoulArray was set from 50 to 800 mV, with 50mV
increment through the 16 electrodes (vs. Pd electrode).

Results
The total phenolic content
Table 1 presents the TOC of the extracts obtained by

using the traditional maceration process, either of indi-
vidual herbs (obtained under the same sample to solvent

ratio) or their mix in comparison with the proposed cas-
cade method. Among the individual herbs, the Poligonum
(10 g in 100 mL of fresh solvent) showed the highest TPC
(27.3 £ 3.3 mM), while the Ptychopetalum (10 g in 100
mL of fresh solvent) showed the lowest (3.49 + 0.20 mM).
The combination of the herb extracts (each obtained with
a sample to solvent ratio of 1:10) resulted in a total phe-
nol content of 59.1 + 7.3 mM of gallic acid equivalent.

Concerning the extracts obtained with the proposed cas-
cade extraction, the TPC was 57.0 £ 1.7 mM. Such a result
is not significantly different from the mix of individual
extracts (t-test, P < 0.05). Furthermore, it is important to
highlight that, although the cascade extraction used the
same amount of dry herbs as the traditional maceration
method (10 g of each botanical), the volume of hydroal-
coholic solvent needed was about one fourth. These find-
ings suggest that the cascade extraction method is able to
extract similar amount of phenolic compounds than the
maceration method, but with less solvents.

The antioxidant assays

The results of antioxidant assays, including DPPH,
FRAP, and ORAC, are presented in Table 1. In general,
those individual sample extracts that showed higher
TPC also had higher antioxidant capacity. In detail, the
Turnera and Poligonum showed the highest antioxidant
capacity in all the antioxidant assays. On the contrary,
the Ptychopetalum and Schisandra had lower antioxi-
dant capacity. What is striking here is that the extracts
obtained with the cascade extraction method have
ORAC, FRAP, and DPPH assay values that are not signifi-
cantly different (P < 0.05) from those obtained by mix-
ing the individual extracts. Overall, these results confirm
those obtained by total phenol content (vide supra).

The HPLC-CoulArray analysis

Figure 2 shows the chromatogram obtained by HPLC
coupled with an electrochemical array detector
(CoulArray) of the extracts. The electrochemical detec-
tor is useful for providing quantitative and qualitative
information of each compound eluted from the chro-
matographic column (Haque et al., 2021). First, the
analysis of the peak current values obtained at different
applied potentials can be used to determine the redox
potential of each eluted species. Furthermore, the peak
heights obtained at very high oxidative potentials (i.e.,
+800 mV vs ref. electrode) can also be used to express
the total amount of antioxidant present in the sample,
i.e., the total antioxidant capacity (Hicks et al., 2017).
From Figure 2, the herbs Poligonum and Turnera showed
higher peak heights than Schisandra and Ptychopetalum.
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Table 1. The TPC, DPPH, FRAP, and ORAC results of individual herb sample extracts and those from cascade extraction.

TPC (mM GAE) DPPH (mM TE) FRAP (mM TE) ORAC (mM TE)
(1) Ptychopetalum 3.49+0.20 0.37 £ 0.08 1.48£0.20 12.01 £ 0.80
(2) Turnera 222+34 13.44 + 0.58 11.98 £ 0.86 51.7£1.2
(3) Schisandra 6.02 £ 0.41 3.00+0.78 510+ 0.58 222+21
(4) Poligonum 27.3+3.3 13.81£1.2 11.43 £ 0.04 36.57 + 0.51
Mix of individuals? 59.1+£73 30.6+2.6 30.0+£1.7 122.5+4.6
Cascade extraction 57.0x1.7 28539 30.5%5.0 1230 1.7

@The accumulation of four individual herb sample extracts.

10 pAu

— A\ fo_| cascade |
— A Al Poligonum
A A ,\ AN . A N J Schisandra
h . R o A A Ptychopetalum

| Y R A A o Turnera

0 5 10 15 20 25 30

Time (min)

Figure 2. The HPLC-CoulArray result of the individual and cascade sample extracts (potential poised at +800 mV versus

Palladium electrode).

This finding correlated with the values of total phenol
content and total antioxidant capacity determined previ-
ously. Meanwhile, the chromatograms confirmed that the
cascade extraction was able to extract all the main redox
compounds present in the individual herbs, although
with less solvents.

HPLC-DAD analysis

The HPLC-DAD analysis was performed to compare the
bioactive compound profile of individual and cascade
extraction at 280 nm. Figure 3 shows the chromatograms
of all individual herbs and that of the extract obtained
by cascade extraction. The results show that the sum of
the main peaks observed in the individual herbs is also
present in the cascade extraction. This finding confirms

the results obtained by the HPLC-CoulArray and sup-
ports the conclusion that both extraction methods, i.e.,
traditional maceration versus cascade extraction, provide
extracts with similar composition.

However, through a more detailed analysis of the HPLC-
DAD chromatogram, it is possible to observe that the
extracts obtained from the cascade method present a
more complex profile. With such extracts, several minor
compounds (see Figure 4) were observed as small peaks
along the chromatographic trace. It is important to high-
light that such peaks were not present in the HPLC-
DAD of the individual extracts. For instance, the peaks
observed at a retention time of around 8.5 min (peaks
A, B, and C) and at 13.5 min (peak D) were only pres-
ent in the extracts obtained by the cascade method, while
they were absent in the chromatograms of the individual
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Figure 3. The HPLC-DAD analysis of individual and cas-
cade extraction at 280 nm.

herbs. This finding suggests that the cascade extraction
was able to increase the recovery of more minor bioac-
tives than the maceration method of individual herbs.

Meanwhile, Figure 3 shows that the sample extract
obtained by the cascade extraction method results in
a chromatogram with a lower content of some peaks,
if compared with the samples obtained from the single
extraction methods. This is clearly observable in the
chromatogram of the first herb, Ptychopetalum. Such
loss of certain phenolic compounds can be explained

with their adsorption to the solid retentate, which occurs
between one extraction and the other. However, Figure 3
also shows that some other peaks are bigger in the cas-
cade extract than in the individual extracts. This observa-
tion may also be explained considering that the cascade
extraction generates solvents that are progressively richer
not only of phenols but also of natural modifiers, which
modify the solvating power of the solvent.

For this purpose, several studies have shown that the
botanicals used in this study are naturally rich of sur-
factants, like saponins, which act as solvent modifiers
and could be useful to increase the extraction of certain
bioactive compounds (Peng et al., 2018; Walthelm et al.,
2001). In particular, one of the main benefits of using a
solvent naturally enriched by saponins is that the solvent
viscosity is reduced, the surface tension is lowered, and
micelles are generated. Overall, such effects may explain
the enhanced solvating power of a solvent enriched by
natural saponins (Vinarov et al., 2018).

Several extraction methods have been developed focus-
ing on solvent saving during the extraction process. The
most traditional and widely applied method is Soxhlet
extraction. This method continuously recycles the sol-
vent by a series of evaporation/condensation cycles, while
accumulating the extracted bioactives in a boiling flask
(Patel et al., 2019). In recent years, other continuous and
batch extraction techniques have been developed (Poirot
et al., 2007). Among other methods, accelerated solvent
extraction (Richter et al., 1996) and Randall extraction
(Thiex et al., 2003) are very promising for their solvent
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Figure 4. The HPLC-DAD analysis of individual and cascade extraction at certain time 8-9.2 min and 13.1 to 14.1 min.
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saving attributes. However, in comparison with the above-
mentioned extraction technologies, the cascade extraction
approach proposed in this research is still more advanta-
geous. For instance, to prepare an extract composed of
four individual botanicals, the single extraction method
needs a total of 400 mL of solvent for the extraction of
40 g of herbs. On the contrary, the cascade extraction
needs only 140 mL of solvent in total. Such solvent reduc-
tion is a unique feature of the cascade extraction approach
that cannot be simply achieved with other techniques.

Conclusion

This research proposes an innovative extraction method,
called cascade extraction, that presents some advantages
compared to the traditional solid—liquid extraction (i.e.,
maceration), especially when the final desired extract is
a mixture of several botanical herbs. Although the over-
all extraction efficiency (determined by TPC, DPPH,
FRAP, and ORAC assays, and HPLC analysis coupled
with the electrochemical detector) of the proposed cas-
cade extraction procedure is not significantly different
from that achieved by the mixture of individual herbal
extracts, HPLC-DAD showed that the extracts obtained
by the cascade extraction procedure were richer in minor
compounds. This means that the resulting extract with
the proposed method has a more complex profile of bio-
actives. Furthermore, it is important to highlight that this
result was achieved with less solvents. Indeed, the cas-
cade extraction reuses the same initial solvent during the
series of extraction steps, resulting in a simple and more
sustainable extract. Moreover, it provides extracts with a
richer bioactive profile than the traditional maceration of
individual herbs and can be further applied in the food
or pharmaceutical industries for the extraction of certain
compounds from food or herbal materials.
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Abstract

There has been a growing interest in meat analog, microstructure characteristics, and anti-nutritional content
obtained from soybean. High-moisture extrusion parameters are the input extruder of moisture content (>40%)
that get the advantages of lower energy input. Thermo-mechanical treatment has a considerable influence on
structural properties of soy-based meat analog. Texturized soy proteins can substitute meat products while pro-
viding a high-protein food ingredient which can be consumed directly as meat analogs. Therefore, this review aims
to the effect on soybean of micro-structural and physicochemical properties of meat analogs by high-moisture
extrusion. Thus, further studies are required concerning a large-scale meat products with purify protein structure.

Keywords: soy meat analog; high-moisture extrusion; allergenic protein; anti-nutritional factors; textural properties

Introduction 24% monounsaturated fats. Furthermore, Fiala (2008)
described that by 2030, the increase in the population,

Soybean (Glycine max), which has its origin in East Asia industrialization, and urbanization will also increase the

(especially in China and Japan), belongs to the legume
family (Kader et al., 2017). It is an excellent alternative
source of proteins, complex carbohydrates, polyun-
saturated fatty acids, soluble fibers, and isoflavones.
Nowadays, it’s grown worldwide as an edible bean (Peluso
et al., 2014). Wang et al. (2020) reported that 60 varieties
were used for the product development by 2018; 398 mil-
lion tons of soybeans were produced worldwide, with 61%
for oilseed production. In addition, Salgado and Donado-
Pestana (2011) found that 90% of the total soybean pro-
duction in the world is from the United States of America
(USA), Brazil, South America, and Northwestern Europe.
Moreover, Jooyandeh (2011) reported soybean oil com-
position that is 15% saturated, 61% polyunsaturated, and

plant meat demand by about 72%.

Golbitz and Jordan (2006) found that soybeans typically
contain 35-40% proteins with well-balanced amino acid
composition, 30% carbohydrate, 15-20% fat, 10-30%
moisture content as well as fiber, calcium (Ca), iron
(Fe), zinc (Zn), and vitamin B complex. The nutritional
composition of soybean/legume is presented in Table 1.
In addition, soybean contains some minor compounds,
such as lecithin, isoflavones, bio-peptides, and others,
that are effective against chronic cancer, cardiovascular
diseases, and type II diabetes (Dixit et al., 2011; Singh,
2010; Singh et al., 2008). Soybean protein is suitable for
people, who lack plant protein, for nutritional value and
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Table 1.  Nutritional composition of plant based protein, Quorn protein and microbial proteins legume.
Protein Protein content Mineral content References
source
Legume Legume seed (20-30%) - (Riascos et al., 2010)
protein - (Singh et al., 2008)

Qilseed protein  Safflower seed (13-17%)
Cottonseed (23%)
Rapeseed (25%)

Gourd seed

Pumpkin seed

Cereal protein Maize (8.8-11.9%)
Wheat (8-17.5%)
Oats (8.7-16%)
Rice (7-10%)
Barley (7-14.6%)
Rye (7-14%)

Quorn protein Mycoprotein 11%

Bacterial
protein

Bacillus cereus (Ram horn) 68%

Bacillus licheniformis (Potato starch processing
waste) 38%

Corynobacterium ammoniagenes (Glucose +
fructose) 61%

Escherichia coli (Ram horn) 66%
Corynobacterium ammoniagenes (Glucose +
fructose) 61%

Cupriavidus necator (Synthetic growth medium)
40-46%

Soy protein (concentrate): Potassium (2.4%),

Phosphorus (0.9%), Calcium (0.4%),
Magnesium (0.3), Iron (0.02%), Zinc (0.005%)

Calcium (0.055%), Magnesium (0.720%),

(Asgar et al., 2010)

(Olaofe et al., 1994)

Potassium (0.965%), Iron (0.021%),
Zinc (0.016%)

Calcium (0.072%), Magnesium (0.778%),

(Olaofe et al., 1994)

Potassium (1.127%), Iron (0.027%),

Zinc (0.017%)

- (Orcutt et al., 2006;

- Riaz, 2004)

Sodium (mg) 5.0 (Finnigan et al., 2019)
Cholesterol (g) 0

Iron (mg) 0.5

Zinc (mg) 9.0

Selenium (pg) 20

(Ritala et al., 2017)

good health effects on calcium metabolism and lowering
cholesterol (Shih et al., 2016). Moreover, soy products,
such as soy flour, soy milk/powder, soy protein isolate
(SPI), soy protein hydrolysates (Guo et al., 2018; He et al.,
2019; Simmons et al., 2012), could be used as food addi-
tives and nutraceutical ingredients.

Meat alternatives could be classified as plant-based (soy,
gluten, pea, etc.), cell-based (vitro or cultured meat), and
fermentation-based (mycoproteins) (Sha & Xiong, 2020).
In recent years, plant-based meat has been developed
for meeting consumer demands, exponentially grown
market, and the sustainability of future food supply (Sha
& Xiong, 2020). The plant-based meat market’s expan-
sion is predicted to increase from $4.6 billion in 2018 to
$85 billion in 2030, and as a milestone by 2026, it would
achieve $30.9 billion (Sha & Xiong, 2020). Among the

several mechanistic techniques for the texturization of
plant-based meat, extrusion is the most often applied one
(Dekkers et al., 2018).

Plant proteins represent a safe, sustainable, and practical
non-pharmacological approach for lowering cholesterol.
Recently, the most famous attributes of plant-based pro-
tein, that is soybean protein, is their health benefits linked
to the prevention and treatment of many chronic dis-
eases. Regular consumption of soy products reduces one’s
risk for chronic diseases such as cancer, heart disease,
and stroke (Jooyandeh, 2011). Moreover, plant-based
meat analog consumption is also beneficial in protecting
against heart disease, lowering blood cholesterol; reduc-
ing the risk of cancer, and increasing bone mass (Joshi
& Kumar, 2015). Furthermore, recent studies have well
established that the plant-based food and beverage help
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in the improvement or management of immune system,
have potential antimicrobial effects, helps in reducing
risk of cardiovascular and gastro-intestinal diseases with
improved physiological functions, decreases risk of low
bone mass as well as very high levels of antioxidant activ-
ity (Paul et al., 2019).

In addition, high-moisture extrusion (HME), over 40% of
moisture contents during processing, has the enormous
advantage of lesser energy input, lower waste discharge,
higher efficiency, and more excellent value of texturized
products. Therefore, it is lately considered as the better
choice for developing plant protein-based meat sub-
stitutes (Zhang et al., 2019). For texture optimization,
exogenous polysaccharides are one of the functional pri-
mary additives used in food industries. At the time when
proteins are denatured during the extrusion process,
the dormant reactive sites of the interior proteins would
become available, and the structure proteins would
become flexible, which permits the protein-polysaccha-
ride interactions. Polysaccharides could be used as cross-
linker to alter the conformation of proteins, interact with
proteins by cross-linking to protein side chains through
Maillard reaction, and form a complex structure of pro-
tein (Caillard et al., 2010).

Effect of high-moisture extrusion

Plant-based meat analogs

Meat analog is also called meat substitute, faux meat,
mock meat, or imitation meat. Analog can be defined as
the compound of the same structure, such as texture, but
slightly different in composition. There are two stages in
the production of conventional meat analogs: prepara-
tion of emulsion and formation of its chunk. Typically,
the emulsion is primed by mixing, chopping, and emul-
sifying proteins, fats, salts, and other inclusions to form
a protein matrix. Meat analogs can be produced at low
moisture (<35%) using a single screw extruder or at high
moisture (>50%) using a twin-screw extruder (Lin et al.,
2000). Moreover, Riaz (2004) described that meat analog
could be formed into strips, sheets, patties, disks, and
other shapes. It can absorb water at least three times its
weight when cooked in boiling water for at least 15 min.
The fibrous, anisotropic structure of meat analog prod-
ucts contributes to the meat-like feel and sensory view
(Elzerman et al., 2013). Table 2 presents summaries of the
comparison between the plant-based and animal-based
alternatives to meat. Meat analogs look like textured meat
and are healthy (cholesterol-free) and low-cost. In addi-
tion, mycoprotein meat analog, originated from fungus,
is used as a healthy food alternative for its high-protein

Table 2. A comparison among cultured meat, plant-based meat, and animal-based meat.

Dimension Cultured meat Plant-based meat Animal-based meat References
Background Origins, history,  Idea articulated around Available in the market Traditional in China, (Bryant &
information and 1930. for several decades, Japan, research on Barnett, 2018;

technical Since 2000s, research made from concentrated cell cultures for various Sharma et al.,

operation into animal-cell culturing to protein- soy, wheat, peaby  production purposes since  2015; Smetana

produce meat. extrusion or coagulation. early 2000s. etal., 2015)
Nutritional Identical of regular meat. Amino-acid profile Rich in protein but
value nutritionally to meat. extraction needed due to
indigestible walls.

Consumption Not available in the market Established. Modest, Products from extracted

and production  (optimists predict market relatively stable market protein.

rates and introduction by 2019). share, increase since by

patterns 2010.

Position Plant meats are more Functional equivalent to Potentially protein-

as meat sustainable and animal meat. rich source for human

alternative friendly than animal-based consumption. Products

meat. rising.

Current Technological Proof of principle in 2013. Use of purified ingredients, ~ Growing and processing (Berghout et al.,
practice and Ongoing research and increased efforts to under research, have 2015; Dekkers
situation development. improve meat similarity. many challenges. et al., 2018; Osen

Lifestyle and Proper meat produced Established as vegan Novel: green product color €t @l 2014; van

Consumption without animal suffering. alternatives replacing and market profile. der Weele et al,

Supporters and
opposition

Attracts venture capitalists
and entrepreneurs in Silicon
Valley, animal welfare
organizations, and other
innovators. Emerging
interest from meat industry.

meat.

2019)

Mix of alternative retail Pioneer companies and (Aiking,
sector, experiments scientists, no consolidated ~ 2011; Aiking
with hybrids of meat coalition. et al., 2006;

also startups and meat
companies.

Alexandratos &
Bruinsma, 2012)
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and low-fat content, and quality texture. The primary
function of meat analogs is to replace the animal meat
in the human diet. The consumers of soybean-based
meat analogs include not only vegetarians but also the
non-vegetarians who want to reduce their meat con-
sumption for health reasons. For example, soybean meat
analogs contain protein (50 to 95%, dry matter), and soy
protein is primarily used as the protein ingredient (Chen
et al., 2010). Samard et al. (2019) demonstrated the
high-moisture meat analogs are coupled with a higher
integrity index and they have the stability of springiness
as well as cutting strength than low-moisture meat sub-
stitute which is produced using the similar formula and
screw-speed. The mechanical approaches summarized to
make plant-based meat analogs are displayed in Table 3.

High-moisture extrusion of soy meat

The HME approach can be used to impart a specific tex-
ture to proteins such as soy-proteins, whey-proteins,
pea-protein, or wheat-gluten (Pietsch et al., 2017; Wolz
et al., 2016). HME is a crucial technology for trans-
forming plant-based protein into palatable meat-like
products. During the HME process, the input extruder
of moisture content is more than 40%, which results in
the advantages of lower energy input and higher qual-
ity of the texturized products (Zhang et al., 2019). Chen
et al. (2010) described that when moisture content of soy
meat is increased from 28 to 60% (wet base), the indica-
tor residence time and specific mechanical energy (SME)
are significantly decreased. In addition, when cooking
temperature is increased from 140 to 150°C, the in-line
viscosity at die and SME reduced considerably, partic-
ularly at lower moisture contents (LMC). Most studies
found the effects of processing parameters were done
for low to moderate moisture processing. Still, these
parameters can significantly affect protein structure
during high-moisture processing (Palanisamy et al.,
2019). Due to its desirable texture and nutritional value,
soy protein can be used to make soy protein products
by the extrusion process (Wu et al., 2019). For the tra-
ditional extrusion methods, extrusion at higher mois-
ture conditions would reduce viscous dissipation at the

lower extrusion temperature. Still, these changes would
be expected during high-moisture extrusion conditions
(MacDonald et al., 2009). Zahari et al. (2020) reported
the chosen parameters including concentration (0, 20, 40,
60%) of hemp protein concentrate (HPC), target mois-
ture content (65, 70, 75%), temperature (40—120°C), and
screw speed (300-800 rpm), whereas, SPI was extruded
with 500 rpm at 70 and 75% of target moisture content.
To summarize some literature, extrusion parameters
and selected formulations of high-moisture meat ana-
logs are shown in Table 4. MacDonald et al. (2009) also
reported that high-moisture extrusion was useful to gen-
erate high-quality protein foods. Mechanical treatment is
more effective during the high-moisture extrusion pro-
cess for other plant proteins when compared with wheat
gluten. Therefore, the influence of HME processing on
the change of protein-protein interactions is used to
form the anisotropic structures of SPIs (Chen et al., 2011;
Fang et al., 2014).

Die-cutting

Die-cutting is a critical technology used to bring out the
indentation of die-cutting of the surface to retouch the
processing equipment, where this technique is a complex
core unit. The die-cutting indentation position must be
precise to cause simultaneously, and the complete plat-
form stress must assure that the place of two active faces
in contacts top and bottom to be mutually parallel. Shen
et al. (2012) reported the speed of 7000 RH-1, travelling
schedule 61 mm, cap board located 80°, the cam midpoint
distance was 279 mm in a stand die-cutting machine. For
instance, “the follower maximum pivot angle is 20°, main
cam swing follower 240-mm long, roller radius 15 mm,
vice-cam swing follower 240-mm long, roller radius
15 mm, the base circle initial radius is 60 mm. Moreover,
the cam angle for outer dwell is 110°, the cam angle for
inner dwell is 10°, work travel angle of follower is 150°,
return travel angle of follower is 90°, allowed pressure
angle of actuating travel is 35° allowed pressure angle of
return travel is 60°, and allowable curvature radius of the
real contour line of cam is 3 mm in a platform die-cutting
machine (Shen et al., 2012).

Table 3. Overview of mechanistic techniques to make plant-based meat analogs.

Technique Starting material  Equipment type Product Process Key technology References
Bottom-up strategy - - Structure/ - Length scale anisotropy ~ (Post, 2012)
structural element
Wet spinning Protein isolate, Wet spinning Fibers = Micrometer (Post, 2012)
coagulation bath setup: barrel,
spinning nozzle,
water bath,
winding device
12 ltalian Journal of Food Science, 2022; 34 (2)
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Table 4.  Extrusion-parameters involved for screening and selected formulations of high-moisture meat analogs (HMMA).

Formulation Speed of Targeted Temperature (°C) Visual appearance color  References
screw moisture content (%) (Zone 1-2-3-4)

0% HPC and 100% 500 70 40-60-80-100 Light color, compact Zahari et al.
soy SPI 500 75 Light color, compact (2020)
20% HPC and 80% 800 65 40-60-80-100 Compact Zahari et al.
soy SPI 800 70 Compact (2020)

800 75 Less compact

600 75 Less compact

600 80 -

400 75 Less compact

300 75 Less compact
40% HPC and 60% 800 65 40-60-80-100 Compact, dark spot Zahari et al.
soy SPI 800 70 Compact (2020)

800 75 Pale, less compact
60% HPC and 40% 800 60 40-60-80-100 - Zahari et al.
Soy SPI 800 62.5 _ (2020)

800 65 Less compact

800 70 Less compact

800 75 Came out foamy

800 65 60-80-100-120 Less compact

HPC: hemp protein concentrate; SPI: soy protein isolate.

Die pressure

The viscosity of the molten blend may be attributed to the
decrease in pressure with the increase in temperature.
The growth in feed moisture and die temperature
then affects the mass thickness over the extruder and
decreases the die-pressure value. Zhang et al. (2020a)
found that the coefficient variation of the die pressure
and die temperature was 26.71 and 1.74%. In addi-
tion, the measured die pressure in extrusion cooking of
apple meat blend ranged from 9 to 16 MPa. The nega-
tive coefficient of the first-order term of temperature,
screw speed, and moisture content indicated that die
pressure increased with temperature decrease (Singha &
Muthukumarappan, 2017).

High-pressure homogenization

High-pressure homogenization (HPH) is an applicable
unit operation based on cavitation to improve processed
soybean materials’ extraction yields. Debruyne (2006)
demonstrated that homogenization could cause a neg-
ative effect on separation efficiency. In addition, inves-
tigations may require evaluating the scalability of this
promising result obtained by using a lab-scale homog-
enizer. Denaturation of the lipoxygenase occurred of
enzyme high-temperature treatment may also catalyze

the oxidation of polyunsaturated fatty acids, and also may
also be responsible for turning into volatile off-flavors.

Characteristics of soy meat
Microstructure

Scanning electron microscopy (SEM), light microscopy
(LM), Fourier transform infrared spectroscopy (FT-IR),
as well as differential scanning calorimeter (DSC) are
usually used to obtain more detailed information on the
protein network microstructure of the meat analog. The
micro-extraction technique is an environment-friendly
procedure due to the reduction of polluting solvents
and sample volume. For instance, the micro-extraction
approach increases the extraction yield and diminishes
the sample equilibrium time (Barzegar et al., 2019).
Micro-extraction includes several performances such
as single drop micro-extraction (SDME), dispersive-
liquid-liquid micro-extraction (DLLME) and hollow-
fiber micro-extraction (HFLPME). Preece et al. (2017)
reported “the cotyledon-cells protein bodies found in size
range from 2.4 to 13.5 pm when used SEM approach with-
out sample-hydration.” Lakemond et al. (2000) described
two significant storage proteins that compose 60—-80% of
the total soybean protein: the 3-conglycinin and glycinin.
Soybean protein is a complex mixture containing various
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proteins, and each of them has unusual denaturation
temperatures. Glycinin and B-conglycinin are two main
storage proteins, and their denaturation temperatures
were 68 and 86°C, correspondingly (Peng et al., 2016).
Throughout the low moisture extrusion, the ingredients
can undergo structural changes caused by high tempera-
ture and shear. It can also affect the product’s character-
istics, such as microstructure and expansion (Beck et al.,
2018).

DSC, TG and DTG measurements

The differential scanning calorimetry (DSC) analysis can
be conducted with Thermal-Analysis-Systems Model
Q-200. Non-isothermal degradation can be measured
by using thermogravimetric/differential-thermal-analy-
sis (TG/DTA). The thermal analysis techniques such as
thermo-gravimetric-analysis (TGA) can provide infor-
mation on thermal stability, including thermal-degra-
dation of protein films. Zhang et al. (2020b) observed
that the mixtures pass through extruder from the mix-
ing-zone to the melting-zone for peanut protein/exoge-
nous polysaccharide mixture, the endothermic-peaks of
arachin and conarachin were both prominently reduced
due to the denaturation of protein-molecules.

In the mixing zone, 2% WS (wheat starch) could cause
a significant decrease in the thermal transition peak
temperature (7p) value and a significant increase in the
enthalpy changes (AH) value of the conarachin. As a
result, it indicated that 2% WS accelerated the thermal
transition of conarachin and the energy required to open
the increased molecule. Guo et al. (2012) described that
exogenous polysaccharides had no significant effect on
the AH value of arachin, due to the relatively tight struc-
ture of arachin. In addition, Zhang et al. (2020b) found
that the exogenous polysaccharides had enhanced the
protein-lipid interaction, when 0.1% CA or 2% WS was
added. Moreover, the exogenous polysaccharides could
decrease, particularly when 2% WS was added, and the
value significantly reduced from 310 to 302°C.

Textural properties

There are two textural properties as the transverse (T)
and directions cutting force in longitudinal (L) are pos-
itively correlated with the carrageenan (ICGN) concen-
tration in the meat analog sample. The cutting force can
also be interpreted as an indirect indicator of texturiza-
tion and hardness (Palanisamy ez al., 2018). The elastic-
ity differences between the raw samples containing 0.75,
1.5, and 3% ICGN were not significant, while no signif-
icant differences between all ICGN added cooked sam-
ples could be detected. Shahiri Tabarestani and Mazaheri

Tehrani (2014) found that adding soy-flour, flour of split-
pea, and wheat-starch could improve low-fat hamburger’s
texture properties by reducing shrinkage. For example,
Smith et al. (1976) proved that the presence of textured
soy protein was associated with the substantial reduction
of shrinkage in the blended ground. The transversal cut-
ting strength of texturized vegetable protein (TVP) and
meat samples was slightly higher than their longitudinal
cutting strength. It is stated that the cutting strength in
parallel and vertical directions of extrudates could indi-
cate the texturization degree or fibrous-structure for-
mation (Fang et al., 2014; Gu & Ryu, 2017). When SME
is decreased, there is an increase in instrumental chew-
iness and hardness. As a result, instrumental chewiness
and hardness of meat analogs increased with decreasing
SPC-WG ratio (Fiorentini et al., 2020). Additionally, Fang
et al. (2014) reported that the instrumental hardness and
chewiness of texturized soybean proteins increased more
than 22 and 17%, respectively. Day and Swanson (2013)
described that high chewiness in meat analogs corre-
sponded with low SME values, indicative of low-melt
viscosity. To summarize the literature, common soy meat
analogs available in the market are presented in Table 5,
which were both prominently reduced due to the dena-
turation of protein molecules.

Anti-nutritional factors

A wide variety of anti-nutritional substances are available
in most of the potential and alternative plant-derived
nutrient sources. Metabolic products arising in living
systems may be defined as anti-nutrient substances that
affect health or food production by themselves or through
their food utilization. Anti-nutritional substances could
be usually divided into four groups: (1) factors that affect
mineral utilization, including gossypol pigments, phy-
tates (Hexa-phosphates of Myo-inositol), oxalates and
glucosinolates, (2) factors that affect protein utilization
and digestion, including lectins, protease inhibitors and
tannins, (3) Anti-vitamins, (4) Miscellaneous substances
for example, mycotoxins, cyanogens, mimosine, alka-
loids, nitrate, phytoestrogens, photosensitizing agents,
and saponins.

Besides, Ma et al. (2020) recounted those anti-nutri-
tional compounds that reduced the bio-availability of
the essential nutrients or energy in the diet. Reducing
the content of the anti-nutritional factors (ANFs) can
efficiently improve the use of soy nutrients. Based on
protein content, products from soy-protein are divided
into three broad categories: (1) soy flour and grits (50%
protein on a moisture-free basis); (2) soy protein con-
centrates (70% protein), and (3) isolated soy proteins
(90% protein) reported by Singh et al. (2008). In addi-
tion, Thadavathi et al. (2019) reported that the high
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protein vegetable-based foods were used as an alterna-
tive for meat products which was enormously advanta-
geous for the increasing human population in the world,
and it could address the environmental concerns as well
as the health considerations from meat consumption.
Moreover, Aijie et al. (2014) reported that the ANFs
decreased during germination, which was attributed to
the activation of several enzymes in the seed. The sum-
marized literature on anti-nutrients and ANFs of soy-
bean are presented in Table 6.

Allergenic protein

There are many kinds of allergenic compounds and
ANF’s present in soybean. According to the report of

Table 5. Common soybean meat analogs existing in market.

Effect of high-moisture extrusion

food allergens, almost 2% of adults and 5-8% of chil-
dren have food allergic reactions associated with the
consumption of soybean or soybean derived food prod-
ucts (John et al., 2017). Additionally, Gagnon et al.
(2010) reported that food allergies are a big concern for
health in most countries. In addition, allergic reactions
to food affect 4—6% of children and 1.5% of adults (Uguz
et al., 2005). There are different allergenic proteins
present in soybeans. However, soybean proteins aller-
gic reactions are mostly transient and non-life-threat-
ening and are usually outgrown after 3 years of age. It
seems to be tolerant within 2-5 years after the initial
diagnosis. Soybean allergenic proteins can be detecting
to soybean allergens. In recent years, researches about
allergenic soybean proteins detection have been rap-
idly expanded. Currently using two most approaches

Name of Introduction/first Main ingredients/origin  Characteristics/remarks References

product reported

Tofu China Pressed soy curd Most widely recognized meat alternatives, blind (Sadler, 2004)
prepared from taste, can impart flavor by smoking/marinating.
coagulated soy.

Tivall 1997 Soy-based fibrous Simulate meat muscle, provide a different eating  (Sadler, 2004)
vegetable protein. textures to other soy formats.

Tempeh 1851 in Indonesia Fermented soy-based Controlled fermentation of soy leads, similar (Kumar et al., 2017;

cake. shape to burger patties. Malav et al., 2015)

Grillers original Extruded vegetable Veggie goodness, soy protein concentrate, water  (Kyriakopoulou et al.,

burgers protein burgers. for hydration. 2019)

Schnitze Rehydrated soy protein - (Kyriakopoulou et al.,
products. 2019)

Table 6. Comparison of the soybean and other grains substitute of anti-nutritional factors and fractions.

Plant substitutes Anti-nutritional factors References

Soybean meal
Rapeseed meal
Pea seed meal
Sesame meal
Cottonseed meal

Protease inhibitors, saponins, anti-vitamins , phytic acid, lectins, phytoestrogens and allergens.
Rapeseed meal, protease-inhibitors, phytic acid glucosinolates and tannins.

Pea seed protease-inhibitors, tannins, lectins, cyanogens and phytic acid.

Sesame phytic acid and protease inhibitors.

Cottonseed meal phytic-acid, phyto-estrogens, gossypol and anti-vitamins.

(Francis et al.,
2001)

Various grains Grains fractions Arabinoxylans p-Glucans Cellulose
Soybean Soluble - - - (Choct, 1997)
Insoluble - - 4.4%
Wheat Soluble 1.8% 0.4% -
Insoluble 6.3% 0.4% 2%
Barley Soluble 0.8% 3.6% =
Insoluble 7.1% 0.7% 3.9%
Maize Soluble 0.1% - —
Insoluble 5.1% - 2%
Sorghum Soluble 0.1% 0.1% -
Insoluble 2% 0.1% 2.2%
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like Enzyme linked immunosorbent assays (ELISA) and
Immunoblotting, also using by Radio allegro-sorbent
test inhibition, Enzyme allego-sorbent test, Polymerase
chain reaction, Mass spectrometry, High-performance
liquid chromatography (Wang et al., 2014). ELISA is
a powerful tool for detecting proteins, ELISA such as
Sandwich ELISA, Competitive ELISA and Indirect
ELISA are widely used to determine soybean proteins
in food products (Wang et al., 2014). Immunoblotting
is a powerful research tool which can indicate molec-
ular mass and immunoreactivity of allergenic proteins.
Beardslee (2000) found soybean allergenic proteins gly-
cinin G1 acidic chain and a 22 kDa G2 glycinin by using
immunoblotting.

Sensory evaluation

The mouthfeel and fibrousness are the same as meat,
which are the primary sensory properties to consider
when consuming the meat alternatives. The addition of
IoT-carrageenan (ICGN) concentration is essential to
increase the fibrousness of the product because of its
denser structure. Palanisamy et al. (2018) observed extra
2.25 to 3% ICGN can increase elasticity which could be
detected significantly with the overall scores’ acceptance
ranged from 1.73 to 2.49%. The ICGN concentration was
positively correlated with the fibrousness; the hardness
could also be influenced by the preference (Palanisamy
et al., 2018). Cheftel et al. (1992) reported that textur-
ization with HME is entirely different from other protein
texturization processes such as manufacturing cheese
curds, sausages, tofu, in which fiber was formed by extru-
sion cooking or by spinning. In addition, proteins would
be plasticized in the heating chamber during the extru-
sion process of texturizing a long cooling die at the end.
The process could be optimized by varying the tempera-
ture, moisture, pressure, and shear.

Health characteristics of soybean

Regular consumption of soy products can reduce the
risk of chronic diseases such as cancer, stroke, heart dis-
ease, and type 2 diabetes (Jooyandeh, 2011). Soy-based
foods also provide beneficial health compounds, includ-
ing vitamins, minerals, fiber, and flavonoids. In addition,
various clinical trials have investigated the potential of
soybean and soybean products to protect against the
risk of chronic diseases. Furthermore, Scheiber et al.
(2001) described soybean consumption as reducing the
risk of cardiovascular disease. Recently, pea protein is
used as an alternative ingredient in high-moisture meat
analogs because of its functional characteristics and low
potentiality for allergic responses (Osen et al., 2014).
Akdogan (1999) reported that protein and other food

additives, such as starch or lipid, probably have a pos-
itive or negative effect on forming the desired texture.
Furthermore, Asgar et al. (2010) reported that other
types of legumes and oilseeds could also be used as pro-
tein-rich materials to develop a variety of high-moisture
meat analogs, which could contribute to alternative
protein sources.

Market potential alternate plant proteins

In contemporary vyears, plant-based proteins have
received increasing attention as good substitutes for
animal-based proteins. The important reasons for the
increasing acceptability of plant-based protein are the
low cost and fibrous texture (Echeverria-Jaramillo et al.,
2021). Plant-based protein’s growing trend is setting out
to increase the number of vegetarians or meat avoiders
(Aschemann-Witzel et al., 2021). Proteins, in particu-
lar, plant-based proteins are more important in the face
of future challenges, ensuing from unceasing popula-
tion growth and the unevenness between malnutrition
and overweight/obesity (Mittermeier-Kleflinger et al.,
2021). Time trends for the development of alternative
protein ingredients are demonstrated in Table 7. The key
drivers of market growth include: (1) consumers con-
cern over food safety in relation to animal products; (2)
growth in the number of vegetarians, meat avoiders, and
meat reducers; (3) meat eaters seeking more variety in
their diet; (4) growing interest in healthy eating which
includes incorporating more plant-based foods into the
diet.

Conclusion

This review concluded that high-pressure extrusion is an
effective technology that can potentially be used to pro-
duce natural food products in which heat treatment will
be reduced. This enhances the hydrophobic interactions
and increases the visible viscosity to stabilize the newly
formed conformation of the texturized effects. Plant
proteins have some physiologically active components
such as protease phytosterols, inhibitors saponins, and
isoflavones. The thermo-mechanical treatment affects
the microstructural changes and the rheological prop-
erties in SPC during high-moisture extrusion process-
ing. Therefore, the importance of soybean meat analog
products as an alternative soy meat source that should
be explored along with studies to clarify the underly-
ing effects of the quality and increasing acceptability of
plant-based protein are the low cost and fibrous texture.
Future study are required on protein-extraction yield and
purification which could be predicted well using another
mechanistic model developed as well as on flavor and
texture meat analog products.
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Table 7. Time-trends for development of alternative protein
ingredients.

Protein ingredients Approx.year  References
introduced

Nuts Increased (Sadler,
imports post 2004)
1945 Soy

Quorn™ (mycoprotein) 1984

WheatPro™ (wheat protein) 1992

Arrum™ (wheat and pea protein) 1995

Fibrous vegetable protein 1997
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Abstract

Many studies highlighted potential associations of f-casein Al with specific human diseases and a minor digest-
ibility of milk, due to the bioactive peptide f-casomorphin 7 (BCM-7) release during digestion. Conversely, the
ancestral -casein A2 variant seems to be a favorable trait because it is not associated with BMC-7 release. The
aim of this work was to evaluate frequencies of f-casein variants in offspring of previously genotyped cows insem-
inated with A2 homozygous semen. The frequency of the A2/A2 animals has almost doubled from 37 to 69%.

These are encouraging results with the perspective of reaching the goal of producing A2 milk.

Keywords: B-casein; bovine; marker-assisted selection (MAS); milk; polymorphisms; variants

Introduction

Marker-Assisted Selection (MAS) is a methodology that
allows for the selection of important genetic animal traits
in the population of interest by exploiting the genetic
information at specific markers. Advancement in genom-
ics made easier the identification of markers which could
be ultimately utilized in MAS. In particular, the Genome
Wide Association Study (GWAS) approach, initially
used in human genetics research to associate genetic
variations with particular diseases, is of special interest
(Raina et al., 2020). The method is based on scanning the
genome of many different individuals for genetic mark-
ers that can be used to predict the presence of a disease
in the population under study. More recently, GWAS has
been applied to the field of domestic animal breeding and
genetics, and many genetic markers affecting important
economical traits have been described (Du et al., 2021;
Sharma et al., 2015).

Cattle breeding programs, consisting of marker-as-
sisted selection (MAS), has been applied to the selection
of dairy cows for the presence of B-casein A2 variant,
known to confer better digestibility to milk (Duarte-
Vazquez et al., 2017; Kaminski et al., 2007; Park et al.,
2021).

Milk and dairy products are among the main components
of the food tradition of many countries and they play a
fundamental role in human health due to their valuable
nutritional properties. In spite of various sources of milk
being available on the market, bovine milk represents
the most consumed variety of milk worldwide (Faye and
Konuspayeva, 2012). It contains essential nutrients such
as proteins with high biological value, lipids, carbohy-
drates (mainly lactose), minerals (calcium, phospho-
rus, zinc, and magnesium), and vitamins (i.e., B2, B12,
D, and A) (Jenness et al., 1979; Muehlhoff et al., 2013).
Regarding milk protein fraction, it is composed by soluble
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proteins, also known as whey proteins, and by insoluble
proteins, that are caseins, which represent about 80% of
the total bovine milk proteins. These are subdivided into
four groups, asl, as2, B, and k, encoded respectively by
the CSN1S1, CSN1S2, CSN2, and CSN3 genes, all located
on chromosome 6 (Rijnkels, 2002). In spite of high milk
consumption all over the world, some people experience
digestive disorders following the intake of milk and dairy
products, because of lactose malabsorption or digestive
difficulties due to other dairy components such as -ca-
sein, which represents about 36% of milk protein content
(Milan et al., 2020). Specifically, some studies have shown
a correlation between human health and some B-casein
variants (Kay et al., 2021; Thiruvengadam et al., 2021).
Indeed, Bos taurus CSN2 gene harbors many nucleotide
substitutions leading to the formation of 12 protein vari-
ants (A1, A2, A3, B, C, D, E, F, G, H1, H2, and I), seven
of which (A1, A2, A3, B, C, I, and E) have been identified
mainly in European cattle breeds (Barroso et al., 1999;
Daniloski et al., 2021; Hohmann et al., 2021; Massella
etal., 2017) (Table 1).

Among the dairy cattle breeds, Al and the ancestral A2
variants are the most common while B and I variants are
generally less frequent with some variability depending
on the breed (Farrel et al., 2004). Other variants, such as
A3 and C, are rarely found (Farrel et al., 2004; Massella
et al., 2017) and others are related to specific breeds or
geographic areas, as it happens for the E and F variants
that have been found with a very low frequency, only in
the Italian Piedmontese breed and in animals reared in
the Emilia-Romagna region (northern Italy), respectively
(Massella et al., 2017; Voglino et al., 1972).

In the last two decades, much attention has been paid to
the Al and A2 B-casein content of milk, due to their sug-
gested role in human health. A1 and A2 variants differ
from each other at the gene level for a point mutation,
which causes an amino acid change. Particularly, at posi-
tion 67 of the protein chain, a histidine in the A1 variant
is replaced by a proline in the A2 variant. Because of this
difference in the protein sequence, the -casein variants
Al and A2 are differently processed during digestion.
Actually, digestive enzymes perform a proteolytic cleav-
age at position 67 of the -casein chain only when a his-
tidine is present generating a seven amino acids peptide
named B-casomorphin 7 (BCM-7), while cleavage is pre-
vented by the presence of a proline at the same position.
Other variants are characterized by a proline at position
67 (A3, E, D, I, and H) and could exhibit the same behav-
ior of the A2 variant as well as other variants, with a his-
tidine at the same position (B, C, F, and G), and could
behave as the A1l variant resulting in the formation of the
-casomorphin 7 (BCM-7) (Bodnar et al., 2018).

BMC-7 is a bioactive peptide with strong opioid activ-
ity and an oxidant effect (EFSA Scientific Report 2009;
Kay et al., 2021) and its release has been related to the
alteration of the physiology of different organ systems. In
particular, several studies demonstrated the correlation
with the onset of various human pathological conditions,
such as heart disease, sudden infant death syndrome,
milk intolerance, and also with the aggravation of symp-
toms associated with schizophrenia, autism, and type 1
diabetes (Caroli et al., 2009; Cieslinska et al., 2015;
Kaminski et al., 2007; Kay et al., 2021; McLachlan, 2001;
Pal et al., 2015; Reichelt et al., 2012). In more detail, it

Table 1. Differences in the amino acid sequence of p-casein variants.

p-casein Amino Acid Position

LT 36 37 67 72 88 9 106 122 138

A2* Glu (E) Glu (E) Pro (P) GIn (Q) Leu (L) Met (M) His (H) Ser (S) Pro (P)

At1* His (H)

A3* Gin (Q)

B* His (H) Arg (R)

(034 Lys (K) His (H)

E* Lys (K)

¥ Leu (L)

D

F His (H) Leu (L)
His (H) Leu (L)

H1 lle (1)

H2 Glu (E) Leu (L) Glu (E)

In bold: amino acid variations with respect to the A2 ancestral variant.

Arg: arginine; Gln: glutamine; Glu: glutamic acid; His: histidine; lle: isoleucine; Leu: leucine; Lys: lysine; Met: methionine; Pro: proline; Ser: sering;

*Allele variants detected in European cattle breeds.
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has been reported in the literature that BMC-7, binding
to p receptor in the gastrointestinal (GI) tract, may alter
gut microbiota, can increase inflammatory response,
and may induce mucin production, thus triggering lac-
tose intolerance-like symptoms. Moreover, BMC-7 may
promote oxidative stress, may deregulate insulin metab-
olism, and can modulate DNA methylation reactions
affecting neurodevelopment (Kay et al., 2021). However,
the European Food Safety Authority (EFSA) in 2009 car-
ried out a meta-analysis of data present in the literature,
releasing a scientific report that supports the absence of
a cause—effect relationship between the consumption of
milk containing the A1l variant and the etiology of the
aforementioned diseases, so further studies are necessary
in this field (EFSA Scientific Report, 2009). Therefore,
the discussion on the adverse human health effects of
the B-casein variant Al remains still open also because
other studies demonstrated that milk obtained from
A2 homozygous cows seems to be more digestible than
milk containing B-casein Al (Deth et al., 2016; He et al.,
2017; Ramakrishnan et al., 2020). This effect could be
traced back to the increase in the rate of gastrointestinal
transit of A2 milk and to the lack of the pro-inflamma-
tory effect instead associated with A1 milk consumption
(Brooke-Taylor et al., 2017; Kay et al., 2021). In addition,
A2 milk consumption increases the natural production
of glutathione (GSH), which is reported to be a key anti-
oxidant, widely recognized for its association with many
health benefits. The consumption of A2 milk induces a
twofold increase of blood GSH levels compared to the
levels derived from conventional milk intake (Deth et al.,
2016). Interestingly, human breast milk, which is recom-
mended by the World Health Organization (WHO) as
the exclusive food for newborn feeding, is characterized
by the presence of a B-casein protein carrying a proline
residue in position 67 which is therefore very similar to
the bovine A2 variant (Kay et al., 2021).

As a consequence, in many countries, including Australia,
the United Kingdom, the United States, New Zealand, the
Netherlands, China and more recently also Italy, A2 cow’s
milk has been made commercially available, and it is
widely recommended for people who suffer from milk-in-
tolerance and for newborns who need formulas more soft
to their digestive system (Brooke-Taylor et al., 2017).

Considering this scenario, this study focused on the
planning and execution of a breeding program based on
the MAS selection of the B-casein A2 variant, in farms
located in central Italy providing milk for an important
drinking milk producing plant. A2 heterozygous and
homozygous cows, previously genotyped (Sebastiani
et al., 2020), were artificially inseminated with semen
from bulls homozygous for the A2 variant, and their off-
spring have been likewise analyzed in order to identify
A2/A2 animals for A2 milk production.

Marker-assisted selection of dairy cows

Materials and methods
Sampling

A total of 1452 Italian Holstein Friesian cows, reared
in farms located in central Italy and previously geno-
typed (Sebastiani et al., 2020), were subjected to artifi-
cial insemination with semen from A2/A2 selected bulls
(Co.S.A.PA.M. Soc. Coop., Lodi, Italy; ABS Italia Srl,
Cremona, Italy; INSEME Spa, Modena, Italy). Among
these, 640 were A2 homozygous and 812 were A2 carri-
ers (A1/A2, A2/B, A2/I) animals.

From the pregnant cows, 534 heifers were born. From
these animals, whole blood samples were collected
in tubes containing ethylenediaminetetra-acetic acid
(EDTA) as an anticoagulant and stored at —20 °C until
genetic analysis. Samples were taken in a single with-
drawal, simultaneously with the mandatory periodic tests
required by Italian National Health Programs and during
breeders’ voluntary health controls.

DNA extraction and sequencing

Genomic DNA was extracted using High Pure PCR
Template Preparation Kit (Roche Life Science, Mannheim,
Germany) according to the manufacturer’s instructions.
PCR reactions of both exons 6 and 7 were performed as
previously described (Sebastiani ez al., 2020). Amplicons
were analyzed through 2% agarose gel electrophoresis
containing Midori Green Advanced DNA Stain (Nippon
Genetics Europe GmbH, Diiren, Germany). PCR prod-
ucts were purified with QIAquick® PCR Purification Kit
(Qiagen, Hilden, Germany) and sequenced in both direc-
tions using BrilliantDye™ Terminator Cycle Sequencing
Kit v3.1 (NimaGen BV, Nijmegen, Netherlands) accord-
ing to the manufacturer’s instructions.

Sequencing reactions were analyzed in a 3500 Genetic
Analyzer (Applied Biosystems; Thermo Fisher Scientific
Inc.). The obtained nucleotide sequences were aligned to
the bovine B-casein gene (Accession number X14711.1)
using the ClustalW tool of the BioEdit v7.2.5 software
(Hall, 1999). Electropherograms were analyzed at each
investigated mutation point to identify peaks in het-
erozygosity. In particular, polymorphisms at positions
36 and 37 of exon 6 and at positions 67, 72, 88, 93, 106,
122, and 138 of exon 7 were analyzed to discriminate the
different -casein variants.

Statistical analysis

Allele and genotype frequencies were directly calculated
dividing the number of copies of each allele and genotype
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by the total alleles and by the total individuals, respec-
tively. Furthermore, the Hardy—Weinberg (HW) equilib-
rium was verified using Chi-square test (P < 0.05) by the
R Studio software (R Core Team, 2020).

Results

In this study, 1452 already genotyped dams (Sebastiani
et al., 2020), at least carrier of the A2 allele (A2 heterozy-
gous and homozygous animals), were artificially insem-
inated using commercial semen from A2 homozygous
bulls in order to increase A2 variant and A2/A2 genotype
frequencies in the female progeny.

From inseminated cows that got pregnant, 534 heifers
were born. Among these, 238 derived from A2 homozy-
gous parents were analyzed to confirm the A2/A2 gen-
otype as they have to be used for the production of A2
certified milk. The remaining 296 heifers, born from A2

and from 3.10 to 3.28%, respectively, in the progeny
compared to dams. At the same time, the frequencies of
the unfavorable Al and B alleles decreased from 30.39
to 10.86% and from 5.68 to 1.40%, respectively. A3 and
C alleles and their related genotypes, that were present
with low frequencies in the population of dams, were
not further found in the offspring. Regarding genotypes,
the most interesting result concerned the about twofold
increase of A2/A2 frequency from 36.96 to 68.91%. A
similarly intriguing result, derived from the MAS appli-
cation, was the consistent reduction of the frequency of
A1/A2 animals, from 35.79 to 21.72%. The frequencies of
the other A2 heterozygous genotypes found in the prog-
eny, that is A2/I and A2/B, varied from 7.55 to 2.81% and
from 3.83 to 6.55% (Table 2, Figure 1). Interestingly, since
the I variant should behave in the same manner as A2

Table 2. Allele and genotype frequencies (%) in the examined
animals, before (dams) and after (heifers) MAS selection.

) Allele Allele frequency Genotype Genotype
heterozygous dams, were analyzed in order to define (%) frequency (%)
their genot)fpe and separate the A2 homozygous ones in Dams  Heifers Dams  Heifers
the herds with the same purpose.

A2 60.65 84.46 A2/A2 36.96 68.91
Here, we report the results of the analysis carried out on this AM 30.39 10.86 AM/A2 3579 2172
offspring in terms of allele and genotype frequencies of the B 5.68 140 A1/A1 9.88 /
d.lfferent CSN2 gene variants. No deviation of H.\X/ .equlhb— | 310 328 AOB 755 281
rium was observed at the considered polymorphic sites.
A3 0.15 / A2/l 3.83 6.55
In the female offspring population obtained by the arti- c 0.03 ! Al/B il /
ficial insemination of A2 heterozygous and homozygous Atll 2.03 /
cows, sequencing analysis of the CSN2 gene PCR prod- B/l 025 /
ucts highlighted the presence of four -casein variants B/B 0.18 /
(A1, A2, B, and I) and four genotypes, (A2/A2, A1/A2, A2/A3 0.12 /
A2/B, A2/1) as shown in Table 2. After the application of A3/B 0.12 /
the MAS on the herds participating in the project, the A1/A3 0.06 /
frequencies of A2 and I alleles, both characterized by a A1/C 0.06 /
proline in position 67, increased from 60.65 to 84.46%
(A) (B)
ALLEL FREQUENCIES GENOTYPE FREQUENCIES
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Figure 1. Graphics of the allele (A) and genotype (B) frequencies variation (%) in the examined dams and heifers after MAS
selection.
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variant in term of BMC-7 formation, A2/I animals could
at least be used for the production of a more digestible
milk, even though they could not contribute to the mar-
keting of a certified A2 milk.

In conclusion, the first generation from the genotyped
dams produced an extra number of 368 A2/A2 cows in
addition to the A2 homozygous cows in reproductive age
still present in the herds. So, both groups of animals may
be used for reproduction and for the related A2 drinking
milk production.

Discussion

The data presented here were derived from a larger
research project whose purpose was primarily to evalu-
ate the frequencies of the f-casein CSN2 gene alleles in
Italian Holstein Friesian dairy cattle reared in farms sup-
plying milk to an important milk plant in central Italy.

In this study, we wanted to evaluate the increase of the
A2 allele and A2/A2 genotype frequencies, in the female
progeny of dams, previously genotyped and fertilized
with A2/A2 semen in a selection program based on
MAS. The final goal was the production of A2 cow’s milk,
due to its supposed association with health benefits for
humans.

In fact, the presence in milk of the A2 isoform of
-casein is increasingly considered a desirable charac-
teristic, because it confers greater digestibility to milk.
This could allow milk intake even by people who suffer
from lactose intolerance-like symptoms despite not being
really lactose intolerant (Park et al., 2021).

The Italian Holstein Friesian breed is not among those
breeds characterized by the highest frequency of the
A2/A2 genotype, but it has a sufficiently high fre-
quency to allow an effective genetic selection of this trait
(Canavesi, 2016).

Production of A2 milk can be accomplished following a
MAS scheme, which is based on selecting animal carri-
ers of specific polymorphisms that characterize the A2
variant.

During the course of a MAS-based selection plan, aimed
at obtaining a consistent number of A2 homozygous
cows in the herd, milk coming from A2/A2 animals can
be collected separately and directed to A2 milk commer-
cialization. This approach requires organizing, logisti-
cal, and management efforts of cow sheds and milking
barns, which however is rewarded by an economic gain
in the sale of a type of milk with beneficial properties for
human health.

Marker-assisted selection of dairy cows

In the last years, the commercialization of A2 milk has
conquered large market portions in many non-European
countries, while in Europe and in Italy it still remains a
niche product (Brooke-Taylor et al., 2017). Actually, few
medium/large Italian dairy industries have taken this
route commercializing certified A2 milk, whose distribu-
tion is slowly spreading, starting to generate the interest
of consumers.

The data reported here are very encouraging because
they confirm the expected genetic improvement in the
farms analyzed in this survey. The use in the future of
certified A2/A2 sexed semen could help to accelerate the
increase in the number of female animals to be used for
A2 milk production.

Conclusions

In recent decades, advances in assisted reproductive
technologies, animal molecular genetics, and statistical
analysis applied to animal genetic improvement helped
to maximize the genetic gain in livestock breeding
worldwide.

In the past, cows produced milk whose [-casein pro-
tein was represented only by A2 isoform, considered to
be ancestral, but over time changes in the genetic heri-
tage led to the occurrence of other variants (Farrel et al.,
2004). Cows have thus acquired the ability to produce
milk with different p-casein isoforms, in particular Al
and A2.

Nowadays, B-casein A2 milk can be considered “a return
to the origins” because it comes from selected cows that
produce only the ancestral p-casein A2 protein. It has
to be noted that in addition to the indexes evaluated for
the selection of the best breeding bulls regarding traits
related to morphology, health, and productivity, informa-
tion about milk quality, such as B-casein genotype, has
also been included.

In conclusion, the valorization of this genetic trait and
production of A2 milk could be advantageous for the
whole drinking milk chain, from producers to consumers.

Author Contributions

S.E, G.C,, and M.B. conceptualized the study; C.S. and
M.B. formulated the study; C.A. and C.S. did the formal
analysis; C.A., M.T,, M.C,, and C.S. were in charge of
investigation; G.C., S.F.,, and N.D. arranged the resources;
C.A. and C.S. prepared the original draft; M.B., C.S,,
M.T., C.A, and G.C. reviewed and edited the manuscript;
M.B. and C.S. supervised the study; M.B., G.C,, and S.F.

Italian Journal of Food Science, 2022; 34 (2)

25



Sebastiani C et al.

were in charge of project administration; and S.F. and
G.C acquired funding.

Disclosure Statement

All authors report no conflicts of interest. The funders
had no role in the design of the study; in the collection,
analyses, or interpretation of data; in the writing of the
manuscript; or in the decision to publish the results.

Funding

This research was funded by Progetto Stalla 20.20—ID
Progetto n. 21999—Misura 16.2-PSR Marche 2014-
2020-Filiera Agro-Alimentare n. 497—Coordinator:
Cooperlat Soc. Coop. Agr.

References

Barroso, A., Dunner, S. and Cafdn, J., 1999. Technical note: use of
PCR-single-strand conformation polymorphism analysis for
detection of bovine - casein variants Al, A2, A3, B. J. Anim.
Sci. 77(10): 2629-2632. https://doi.org/10.2527/1999.77102629x

Bodnir, A., Hajzser, A., Egerszegi, L, Péti, P, Kuchtik, J. and Pajor, F,,
2018. A2 milk and its importance in dairy production and global
market. Anim. Welf. 14(1): 1-7. https://doi.org/10.17205/SZIE.
AWETH.2018.1.001

Brooke-Taylor, S., Dwyer, K., Woodford, K. and Kost, N., 2017.
Systematic review of the gastrointestinal effects of Al com-
pared with A2 B-Casein. Adv. Nutr. 15(5): 739-748. https://doi.
org/10.3945/an.116.013953

Canavesi, F, 2016. Selezionare per produrre latte A2. Professione
allevatore. 16: 52—54.

Caroli, A.M., Chessa, S. and Erhardt, G.J., 2009. Invited review:
milk protein polymorphism in cattle: effect on animal breeding
and human nutrition. J. Dairy Sci. 92(11): 5335-5352. https://
doi:10.3168/jds.2009-2461

Cieslinska, A.,
Fiedorowicz, E., Chwatla, B., Moszy'nska-Dumara, M. and

Sienkiewicz-Szfapka, E.  Wasilewska, ],
Kostyra, E., 2015. Influence of candidate polymorphisms on the
dipeptidyl peptidase IV and p -opioid receptor genes expression
in aspect of the B-casomorphin-7 modulation functions in autism.
Peptides 65: 6-11. https://doi.org/10.1016/j.peptides.2014.11.012

Daniloski, D., Cunha, N.M.D., McCarthy, N.A., O’Callaghan, T.F,
McParland, S. and Vasiljevic, T., 2021. Health-related out-
comes of genetic polymorphism of bovine PB-casein variants:
a systematic review of randomized controlled trials. Trends
Food Sci. Technol. 111: 233-248. https://doi.org/10.1016/j.
tifs.2021.02.073

Deth, R., Andrew Clarke, A., Jiayi, N.J. and Trivedi, M., 2016. Clinical
evaluation of glutathione concentrations after consumption
of milk containing different subtypes of B-casein: results from

a randomized, cross-over clinical trial. Nutr. J. 15(1): 82-87.
https://doi:10.1186/s12937-016-0201-x

Du, L., Duan, X., An, B,, Chang, T., Liang, M., Xu, L., Zhang, L.,
Li, J., Guangxin, E. and Gao, H., 2021. Genome-wide associa-
tion study based on random regression model reveals candidate
genes associated with longitudinal data in Chinese Simmental
Beef Cattle. Animals. 11(9): 2524. https://doi.org/10.3390/
anil1092524

Duarte-Vazquez, M.A., Garcfa-Ugalde, C., Villegas-Gutiérrez, L.M.,
Garcia-Almendaérez, B.E. and Rosado, J.L., 2017. Production of
cow’s milk free from beta-casein Al and its application in the
manufacturing of specialized foods for early infant nutrition.
Foods. 6(7): 50. https://doi:10.3390/foods6070050

Farrel, H.M., Jimenez-Flores, R., Bleck, G.T., Brown, E.M., Butler, J.E.,
Creamer, L.K. and Swaisgood, H.E., 2004. Nomenclature of the
proteins of cows’ milk—sixth revision. J. Dairy Sci. 87(6): 1641—
1674. https://doi.org/10.3168/jds.S0022-0302(04)73319-6

Faye, B. and Konuspayeva, G., 2012. The sustainability challenge to
the dairy sector — the growing importance of non-cattle milk
production worldwide. Int Dairy J. 24(2): 50-56. https://doi.
org/10.1016/j.idairyj.2011.12.011

Hall, T.A., 1999. BioEdit: a user-friendly biological sequence align-
ment editor and analysis program for Windows 95/98/NT.
Nucleic Acids Symp. Ser. 41: 95-98.

He, M., Sun, ], Jiang, Z.Q. and Yang, Y.X., 2017. Effects of cow’s
milk beta-casein variants on symptoms of milk intolerance in
Chinese adults: a multicenter, randomized controlled study.
Nutr. J. 16(1): 72. https://doi.org/10.1186/s12937-017-0275-0

Hohmann, L.G., Weimann, C., Scheper, C., Erhardt, G. and
Konig, S., 2021. Genetic diversity and population structure in
divergent German cattle selection lines on the basis of milk pro-
tein polymorphisms. Arch. Anim. Breed. 64(1): 91-102. https://
doi.org/10.5194/aab-64-91-2021

Jenness, R., 1979. Comparative aspects of milk protein. J. Dairy Res.
46(2): 197-210. https://doi.org/10.1017/50022029900017040

Kaminski, S., Cieslinska, A. and Kostyra, E., 2007. Polymorphism of
bovine B-casein and its potential effect on human health. J. Appl.
Genet. 48(3): 189-198. https://doi.org/10.1007/BF03195213

Kay, S.-LS, Delgado, S., Mittal, J., Eshraghi, R.S., Mittal, R. and
Eshraghi, A.A., 2021. Beneficial effects of milk having A2
B-casein protein: myth or reality? J. Nutr. 151(5): 1062—1072.
https://doi.org/10.1093/jn/nxaad54

Massella, E., Piva, S., Giacometti, F.,, Liuzzo, G., Zambrini, A.V. and
Serraino, A., 2017. Evaluations of bovine [B-casein polymor-
phism in two dairy farms located in northern Italy. Ital. J. Food
Safety. 6(3): 6904. https://doi.org/10.4081/ijfs.2017.6904

McLachlan, C.N,, 2001. B-casein Al, ischaemic heart disease mor-
tality and other illnesses. Med. Hypotheses 56(2): 262-272.
https://doi.org/10.1054/mehy.2000.1265

Milan, A.M., Shrestha, A., Karlstrom, H.J., Martinsson, J.A.,
Nilsson, N.J., Perry, J.K., Day, L. and Barnett, M.P.G. and
Cameron-Smith, D., 2020. Comparison of the impact of bovine
milk B-casein variants on digestive comfort in females self-
reporting dairy intolerance: a randomized controlled trial. Am. J.
Clin. Nutr. 111(1): 149-160. https://doi.org/10.1093/ajcn/nqz279

26

ltalian Journal of Food Science, 2022; 34 (2)


https://doi:10.1186/s12937-016-0201-x�
https://doi.org/10.3390/ani11092524�
https://doi.org/10.3390/ani11092524�
https://doi:10.3390/foods6070050�
https://doi.org/10.3168/jds.S0022-0302(04)73319-6�
https://doi.org/10.1016/j.idairyj.2011.12.011�
https://doi.org/10.1016/j.idairyj.2011.12.011�
https://doi.org/10.1186/s12937-017-0275-0�
https://doi.org/10.5194/aab-64-91-2021�
https://doi.org/10.5194/aab-64-91-2021�
https://doi.org/10.1017/s0022029900017040�
https://doi.org/10.1007/BF03195213�
https://doi.org/10.1093/jn/nxaa454�
https://doi.org/10.4081/ijfs.2017.6904�
https://doi.org/10.1054/mehy.2000.1265�
https://doi.org/10.1093/ajcn/nqz279�
https://doi.org/10.2527/1999.77102629x�
https://doi.org/10.17205/SZIE.AWETH.2018.1.001�
https://doi.org/10.17205/SZIE.AWETH.2018.1.001�
https://doi.org/10.3945/an.116.013953�
https://doi.org/10.3945/an.116.013953�
https://doi:10.3168/jds.2009-2461�
https://doi:10.3168/jds.2009-2461�
https://doi.org/10.1016/j.peptides.2014.11.012�
https://doi.org/10.1016/j.tifs.2021.02.073�
https://doi.org/10.1016/j.tifs.2021.02.073�

Muehlhoff, E., Bennett, A. and McMahon, D., 2013. Milk and dairy
product in human nutrition. FAO, Rome.

Pal, S., Woodford, K., Kukuljan, S. and Ho, S., 2015. Milk intoler-
ance, - casein and lactose. Nutrients 7(9): 285-297. https://doi.
org/10.3390/nu7095339

Park, Y.W. and Haenlein, G.EW., 2021. A2 bovine milk and caprine
milk as a means of remedy for milk protein allergy. Dairy. 2(2):
191-201. https://doi.org/10.3390/dairy2020017

R Core Team, 2020. R: a language and environment for statistical
computing. R Foundation for Statistical Computing, R Core
Team, Vienna, Austria.

Raina, V.S., Kour, A. Chakravarty, A.K. and Vohra, V., 2020.
Markerassisted selection visavis bull fertility: coming full
circle—a review. Mol. Biol. Rep. 47(11): 9123-9133. https://doi.
org/10.1007/s11033-020-05919-0

Ramakrishnan, M., Eaton, T.K., Sermet, O.M. and Savaiano, D.A.,
2020. Milk containing A2-casein only, as a single meal, causes
fewer symptoms of lactose intolerance than milk containing A1
and A2-caseins in subjects with lactose maldigestion and intol-
erance: a randomized, double-blind, crossover trial. Nutrients.
12(12): 3855. https://doi.org/10.3390/nul12123855

Reichelt, K.L., Tveiten, D., Knivsberg, A.M. and Brenstad, G., 2012.
Peptides’ role in autism with emphasis on exorphins. Microb. Ecol.
Health Dis. 23: 18958. https://doi.org/10.3402/mehd.v23i0.18958

Marker-assisted selection of dairy cows

Rijnkels, M., 2002. Multispecies comparison of the casein gene
loci and evolution of casein gene family. ] Mammary Gland
Biol. Neoplasia. 7(3): 327-345. https://doi.org/10.1023/
A:1022808918013

Scientific Report of EFSA prepared by a DATEX Working Group
on the potential health impact of f-casomorphins and related
peptides. 2009. EFSA Scientific Report. 231: 1-107. https://doi.
0rg/10.2903/j.efsa.2009.231r

Sebastiani, C., Arcangeli, C., Ciullo, M., Torricelli, M., Cinti, G.,
Fisichella, S. and Biagetti, M., 2020. Frequencies evaluation of
B-casein gene polymorphisms in dairy cows reared in central
Italy. Animals. 10(2): 252. https://doi.org/10.3390/ani10020252

Sharma, A, Lee, ].S., Dang, C.G., Sudrajad, P., Kim, H.C,, Yeon, S.H.,
Kang, H.S. and Lee, S.H., 2015. Stories and challenges of genome
wide association studies in livestock—a review. Asian Australas.
J. Anim. Sci. 28(10): 1371-1379. https://doi.org/10.5713/
ajas.14.0715

Thiruvengadam, M., Venkidasamy, B., Thirupathi, P, Chung, .M.
and Subramanian, U., 2021. f-Casomorphin: a complete health
perspective. Food Chem. 337: 127765. https://doi.org/10.1016/j.
foodchem.2020.127765

Voglino, G.F,, 1972. A new B- casein variant in piedmont cattle. Anim.
Genet. 3(1): 61-62. https://doi.org/10.1111/j.1365-2052.1972.
tb01233.x

Italian Journal of Food Science, 2022; 34 (2)

27


https://doi.org/10.1023/A:1022808918013�
https://doi.org/10.1023/A:1022808918013�
https://doi.org/10.2903/j.efsa.2009.231r�
https://doi.org/10.2903/j.efsa.2009.231r�
https://doi.org/10.3390/ani10020252
https://doi.org/10.5713/ajas.14.0715�
https://doi.org/10.5713/ajas.14.0715�
https://doi.org/10.1016/j.foodchem.2020.127765�
https://doi.org/10.1016/j.foodchem.2020.127765�
https://doi.org/10.1111/j.1365-2052.1972.tb01233.x�
https://doi.org/10.1111/j.1365-2052.1972.tb01233.x�
https://doi.org/10.3390/nu7095339�
https://doi.org/10.3390/nu7095339�
https://doi.org/10.3390/dairy2020017
https://doi.org/10.1007/s11033-020-05919-0�
https://doi.org/10.1007/s11033-020-05919-0�
https://doi.org/10.3390/nu12123855
https://doi.org/10.3402/mehd.v23i0.18958�

Italian Journal of Food Science, 2022; 34 (2): 26-33

Study on the role of nutrients in food to improve the motion state of athletes

Hongkai Zhou'>

Pingdingshan University, Pingdingshan, Henan, China; *Sports College, Graduate University of Mongolia, Ulaanbaatar,
Mongolia

Corresponding Author: Hongkai Zhou, Pingdingshan University, South Section of Future Road, Xincheng District,
Pingdingshan City, Henan Province, China. Email: k6k262@163.com

Received: 22 September 2021; Accepted: 28 March 2022; Published: 20 April 2022
© 2022 Codon Publications

OPEN ACCESS () (D®©

PAPER

Abstract

This study aims to analyze the role of nutrients in food in improving athletic performance and to understand the
feasibility of food supplementation in sports training. Twenty athletes were randomly divided into two groups,
A and B. The athletes in the two groups had the same diet and the same training content and differed only in the
supplemented food. Group A was supplemented with Siraitia grosvenorii water, and Group B was supplemented
with pure water. After 3 months of training, the body composition, exercise status, and blood indexes of the
athletes in the two groups were compared. Compared with the athletes in group A before the experiment as well as
in group B after the experiment, the athletes in group A showed a significant increase in fat-free weight, improved
athletic performance, increased levels of hemoglobin (Hb) and red blood cell (RBC), and decreased levels of blood
lactic acid (BLA) and blood urea nitrogen (BUN) (P < 0.05). Nutrients in food can effectively improve the body
composition and exercise status of athletes and inhibit the decrease of Hb and RBC as well as the increase of BLA
and BUN, which have good usability in sports training.

Keywords: athletes; food; motion state; nutrient

Introduction

In the process of improving sports performance, athletes
need to carry out a lot of training and fierce competi-
tion; in such a case, the body state of athletes declines
(Chuckravanen et al., 2019), free radicals accumulate,
fatigue appears, and immune function declines, which
may cause sports injury and directly affect the training
effect and the results of competition. Therefore, the ques-
tion of how to reduce the impact of a rigorous training
on athletes and improve motion state has been widely
concerned by researchers. In nature, many foods are
rich in nutrients, which can be used as nutritional sup-
plements for athletes. Guo (2015) studied jujube polysac-
charides and carried out the weight-bearing swimming
experiment on rats. They found that rats had significantly
longer swimming time, larger body weight, and higher

glycogen content after taking jujube polysaccharides.
Liu et al. (2015) studied the polysaccharide components
of Hericium erinaceus, analyzed its anti-fatigue activity,
compared various indexes of mice under different doses
of Hericium erinaceus polysaccharide, and found that it
could reduce the content of blood lactic acid (BLA) and
malondialdehyde (MDA). Zhang et al. (2015) simulated
the plateau environment and analyzed the anti-fatigue
effect of Astragalus membranaceus on mice. It was found
that the swimming time of mice was prolonged, the lac-
tic acid decreased, and the glycogen increased under the
influence of Astragalus membranaceus, which indicated
that Astragalus membranaceus could reduce the fatigue
of mice in a plateau environment. Ren et al. (2017) stud-
ied the effect of soy whey protein supplementation on
sports performance after long-term training. It was
found that the average fatigue time of rats was longer,
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the activity of lactate dehydrogenase was higher, and the
level of MDA was lower after supplementation of soy-
bean whey protein. In this study, the nutrients in Siraitia
grosvenorii were studied, and a comparative experiment
was carried out. The indicators of the athletes, such as
body composition and motion status, were analyzed to
understand the application prospect of Siraitia grosve-
norii in sports training.

Nutrients in Siraitia grosvenorii and Their Functions

Siraitia grosvenorii is a kind of medicinal and edible
material unique to China (Tu et al.,, 2015). It is mainly
produced in provinces such as Guangxi and Guangdong
in southern China. The fruits of Siraitia grosvenorii are
spherical or oblong (Figure 1, left). The mature fruits have
dark green pericarp, yellowing petioles, and high water
content. After being processed and dried (Figure 1, mid-
dle), the surface is brown or yellowish-green with dark
patches; it is light, brittle, and easy to crack, and the seeds
are oblate (Figure 1, right), light red to reddish-brown,
with a sweet taste.

Siraitia grosvenorii contains many cucurbitane triter-
penoids (Niu et al., 2017; Qiao et al., 2019), which are
sweet or slightly sweet substances (Shi et al., 2019). The

Study on the role of nutrients

sweet or slightly sweet substances have high sweetness
and low heat, which can substitute for sucrose (Abdel-
Hamid et al., 2020). It also contains flavonoids, but the
content is not high. Moreover, there is a lot of protein
and amino acids in Siraitia grosvenorii, including eight
kinds of essential amino acids for the human body. The
sugar content in Siraitia grosvenorii is very high, and the
content of fructose is 14%. It contains 24 kinds of inor-
ganic elements. The content of oil or fat is also very high,
and the main component is squalene. It also contains
rich vitamin C and vitamin E, suggesting high nutritional
values.

The most important medicinal value of Siraitia grosve-
norii is clearing away heat and moistening the lung
(Gong et al., 2019). According to traditional Chinese
medicine, Siraitia grosvenorii is sweet and cool; there-
fore, it has a good therapeutic effect on lung heat and dry
cough. The medicinal value of Siraitia grosvenorii also
includes:

(1) Resistance to diabetes (Xu et al., 2020). Siraitia
grosvenorii has high sweetness and low calorie. It
can be used as an ideal sugar substitute for diabetes
mellitus patients. Also, some components in Siraitia
grosvenorii can reduce blood glucose and blood lipid
and improve renal function.
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Figure 1.  Siraitia grosvenorii.
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(2) Protect the cardiovascular system. Siraitia grosve-
norii is rich in unsaturated fatty acids, which can
resist fatty liver; inorganic salts, such as selenium and
magnesium, can protect myocardial cells and are also
effective in expanding blood vessels and preventing
thrombosis.

(3) Improve immunity. Siraitia grosvenorii has antibac-
terial and anti-inflammatory effects (Li et al., 2018),
which can enhance the cellular and humoral immune
functions of the body and coordinate the immune
system.

Experimental Methods

Research subjects

Twenty athletes were randomly selected from the
Ministry of Public Sports of Zhejiang Shuren University.
They were informed of the intention and process of the
experiment. All the participants were randomly divided
into group A and group B. Group A drank water soaked
with Siraitia grosvenorii, while group B drank pure water.
The athletes in both groups were in good health and had
no physical injury within half a year. They took no stren-
uous exercise and did not take any caffeine or tea 24 h
before the experiment. They were in a good mental state.
There was no significant difference in general data, as
shown in Table 1.

Research methods

The two groups of athletes were trained for 3 months,
including sprinting, long-distance running, standing long
jump, etc. They were trained twice a day, 2 h each session.
The athletes took three meals in the school canteen every
day, without any additional nutrition. The athletes in
group A drank the water soaked with Siraitia grosvenorii
at 8:00, 12:00, 16:00, and 20:00 every day, while the ath-
letes of group B drank pure water. The dosage of Siraitia
grosvenorii soaking water was 1/4 Siraitia grosvenorii and
1 L water, for four times, 250 ml each time. Before and
after the experiment, blood samples and motion state
tests were carried out on the athletes. The indexes are
shown in Table 2.

Measurement index
Body composition: body weight and fat-free weight.

Movement state: as shown in Table 2.

Table 1. Comparison of general information.

Group A (n=10) Group B (n=10)

Table 2. Measurement indexes of motion state.

Number Content

X1 Standing long jump
X2 One minute push-ups
X3 One minute sit-ups
X4 50-m running

X5 Sit and reach

Measurement index

Blood indicators: including hemoglobin (Hb), red blood
cell (RBC) count, BLA, and blood urea nitrogen (BUN).

Blood samples were sent to Hangzhou Second People’s
Hospital for testing.

Statistical analysis
The data were statistically processed by SPSS17.0 and
expressed as X +SD. The comparison between groups
was conducted using the t-test. If the value of P was
smaller than 0.05, then it suggested that there was a sta-
tistical difference.

Experimental Results

Comparison of body composition

Before and after the experiment, the changes in body
composition of athletes in the two groups are shown in
Table 3.

As shown in Table 3, before the experiment, there was no
significant difference in body weight and fat-free weight
between group A and group B (P > 0.05); after the exper-
iment, the fat-free weight and body weight of athletes in
the two groups increased slightly, and the fat-free weight
of group A was 59.33 + 3.25 kg, significantly higher than
that before the experiment (P < 0.05) and group B, indi-
cating that drinking Siraitia grosvenorii water was effec-
tive in improving athletes’ fat-free weight.

Comparison of motion state

Before and after the experiment, the comparison of the
motion state between the two groups of athletes is shown
in Table 4.

As shown in Table 4, before the experiment, there was no
significant difference in different motion states between
the two groups; after the experiment, the standing long
jump of group A was 2.62 + 0.71 m, which showed a
significant improvement compared with that before
the experiment and group B; the number of push-ups
in group A was 38.71 * 3.59, and P < 0.05 compared to

Agelyears 22,78 +2.31 23.08 + 1.56

Height/cm 178.64 £ 2.78 177.59 + 3.08

Weight/kg 76.21 £5.29 75.94 £ 6.12
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Table 3. Changes in body composition.
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Group A Group B
Before the experiment After the experiment Before the experiment After the experiment
Weight/kg 76.21 £5.29 77.33 £ 4.62 75.94 £ 6.12 76.89 £ 5.78
Fat-free weight/kg 53.64 + 0.86 59.33 + 3.25%# 54.68 + 1.12 56.48 + 2.86
*Compared with that before the experiment, P < 0.05.
#Compared with group B, P < 0.05.
Table 4. Comparison of motion state.
Group A Group B

Before the experiment

After the experiment

Before the experiment After the experiment

X1/m 2431083 2.62+0.71# 2.51+0.76 2.53+0.48
X2In 33.68 + 4.86 38.71 £ 3.50%# 3412+ 4.77 35.62 + 4.63
X3/n 37.12+3.08 41.29 + 5.57"# 37.25+3.12 39.68 +4.51
X4ls 6.32£0.33 5.88 £ 0.41°# 6.41+0.27 6.03 £ 0.39*
X5/cm 15.33 £ 0.71 16.21£0.33 16.1210.78 16.23 £ 0.56
*Compared with that before the experiment, P < 0.05.
#Compared with group B, P < 0.05.

Table 5. Comparison of Hb and RBC.

Group A Group B

Before the experiment

After the experiment

Before the experiment After the experiment

Hb (g/L)
RBC (10121L)

136.77 £ 1.87
4.63£0.12

141.34 £ 0.64'#
5.09 £ 0.26"#

137.64 £ 0.92
4.57+0.19

131.66 £ 1.91*
477021

*Compared with that before the experiment, P < 0.05.
#Compared with group B, P < 0.05.

before the experiment and group B; the number of sit-
ups in group A was 41.29 + 5.57, which was significantly
different from that before the experiment and group B;
the performance of the 50 m running of group A was 5.88
+ 0.41 s (P < 0.05 compared to before the experiment and
group B), and the performance of group B also signifi-
cantly improved after the experiment; finally, there was no
significant difference in sit and reach before and after the
experiment and between the two groups (P > 0.05). It was
found that drinking Siraitia grosvenorii water was effective
in improving athletes’ performance and motion state.

Comparison of blood indexes
Before and after the experiment, the comparison of Hb and
RBC count between the two groups is shown in Table 5.

It was seen from Table 5 that there was no significant
difference in the comparison of Hb and RBC between
the two groups before the experiment; after the experi-
ment, the Hb of group A increased, while that of group

B decreased, suggesting significant differences compared
with that before the experiment, and the Hb value of
group A was significantly higher than that of group B (P
< 0.05); after the experiment, the RBC value of group A
significantly increased, and P < 0.05 compared to that
before experiment and group B. It was found that drink-
ing Siraitia grosvenorii water could increase the RBC
count and inhibit the decrease of Hb value.

The comparison of BLA and BUN between the two
groups is shown in Figure 2.

As shown in Figure 2, before the experiment, the BLA
values of the two groups were 3.27 + 0.21 mmol/L and
3.26 + 0.33 mmol/L, respectively, suggesting no signifi-
cant difference; after the experiment, the BLA of group
A increased to 8.16 + 0.78 mmol/L, while that of group
B increased to 11.27 + 0.56 mmol/L, which were sig-
nificantly different from those before the experiment,
and the BLA value of group A was significantly smaller

Italian Journal of Food Science, 2022; 34 (2)
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Figure 2. Comparison of BLA and BUN.

*P < 0.05 compared to before experiment. P < 0.05 compared to group B.

than that of group B (P < 0.05); before the experiment,
the BUN value of two groups were 4.31 + 0.78 mmol/L
and 4.29 = 0.64 mmol/L, respectively; after the experi-
ment, the BLA values of the two groups were 4.33 + 0.64
mmol/L and 4.56 + 0.74 mmol/L, respectively, which
showed a slight increase, but the difference was not obvi-
ous. It was found that drinking Siraitia grosvenorii water
could inhibit the growth of BLA.

Discussion

In exercise, the nutrients in the body are consumed rap-
idly, and the demand for protein and sugar increases. To
improve the sport’s ability of the human body, the sup-
plement of nutrients is very important. By supplementing
some foods with rich nutrients, the metabolic needs of
athletes can be ensured to have good health state. Many
foods contain a lot of nutrients, which can be widely used
to improve the state of human movement. In this study,
the nutrients in Siraitia grosvenorii were studied.

Based on the data shown in Tables 3 and 4, it was found
that after the experiment, the fat-free weight of athletes
who drank Siraitia grosvenorii water increased, and
their standing long jump and push-up performance also
improved. It shows that the motion state of athletes in
group A significantly improved, and their sports perfor-
mance was better after the experiment.

Hb is the carrier of O, and CO,. In the process of long
exercise sessions, a lot of free radicals appear in the human

body and destroy RBC. Therefore, after a lot of exer-
cise, the content of Hb in the human body decreases. As
shown in Table 5, the Hb of athletes in group B decreased
from 137.64 + 0.92 g/L to 131.66 + 1.91 g/L, while group
A drank Siraitia grosvenorii water and had increased Hb
value rather than decreased Hb value. The results showed
that the nutrients in Siraitia grosvenorii could protect
RBC, maintain the function of RBC, inhibit the decline of
Hb, and improve the human body’s movement state.

When the body exercises, lactic acid generated by the
skeletal muscles enters the blood and is later elimi-
nated by the process of metabolism. In the case of a
large amount of exercise, the BLA in the human body
increases rapidly, resulting in the accumulation of lactic
acid (Romadhona et al., 2019), and the metabolic level
decreases, which leads to the decline of exercise ability.
The results showed that the BLA value of group A and
group B increased significantly after the experiment, but
the BLA value of group A was smaller than that of group
B (P < 0.05), which showed that nutrients in Siraitia
grosvenorii, such as flavonoids, protected the cardiovas-
cular system, and enhanced the metabolic capacity of
the body, thus reducing the accumulation of lactic acid,
maintaining the balance of the internal environment,
relieving fatigue, and improving the exercise state of the
human body.

BUN can reflect the body’s protein metabolism. With the
progress of exercise, the protein metabolism in the body
increases, and the urea content becomes higher, which is
not conducive to maintaining physical fitness. The results
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showed that the BUN values of the two groups increased
slightly after the experiment, and the value of group A
was slightly smaller than that of group B, but the differ-
ence was not obvious. It indicated that Siraitia grosve-
norii water could stabilize the protein level, and inhibit
the increase of BUN, thus improving the movement state
of the human body.

Conclusion

This paper mainly studied nutrients in food with Siraitia
grosvenorii as an example and its role in improving the
athletic performance of athletes. Through the experiment
and the analysis of the results, it was found that drink-
ing Siraitia grosvenorii water could improve the athletes’
fat-free weight, enhance the exercise state, inhibit the
decrease of Hb, maintain the stability of RBC, reduce the
production of BLA, restrain the increase of BUN, which
had a positive role in improving the motion state of ath-
letes. Siraitia grosvemorii water can be promoted and
applied in practice.
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Abstract

Antimicrobial resistance has emerged as a major global concern for public health in the last two decades, which
tends to compromise the existing drug regimens in treating common or severe infections. According to WHO,
three million laboratory-confirmed bacterial infections have been reported from 70 countries in 2019, caused
by pathogens of concern. The drug-resistant bacterial strains are characterized as multidrug-resistant (MDR),
extensively drug-resistant (XDR), and pan drug-resistant (PDR) based on the different patterns of resistance.
It is believed that novel strategies are essentially required to counter and eliminate drug resistance in a cost-
effective manner to benefit the world population. Natural compounds and certain dietary agents show potential
antimicrobial properties and these have been used since ancient times to treat human infections. In this study,
we have investigated the synergistic effects of dietary flavonoids rutin and quercetin with antibiotics gentami-
cin (an aminoglycoside) and ceftriaxone (a third-generation cephalosporin) against the drug-resistant superbugs;
clinical isolates including Escherichia coli (MDR), Proteus mirabilis (XDR), and Klebsiella pneumoniae (PDR).
Conventional MIC assay and checkerboard test were used as standard protocols. Our results show that rutin and
quercetin restore the antimicrobial activity of the antibiotics against MDR and XDR strains, while no such effect
was observed in the case of the PDR strain. Quercetin, which is a aglycone of flavonoid rutin, demonstrates higher
synergistic effects with ceftriaxone compared to rutin. Since rutin and quercetin are essentially present in human
diets as constituents of fruits and vegetables, their use as nutraceuticals in adjuvant therapies in combination with
antibiotics against drug resistance is a promising therapeutic strategy against superbug infections.

Keywords: nutraceuticals, rutin, quercetin, synergism, MDR, XDR, PDR, Superbugs, infections

Introduction an antibiotic. AMR, including antibacterial resistance,

has emerged as a major global concern for public health
Antimicrobial resistance (AMR) develops when the in the last two decades, which tends to compromise the
microorganisms begin to display least or no susceptibil- existing drug regimens in treating common or severe
ity towards a previously effective antimicrobial drug or infections (Oldenkamp et al., 2021). A recent report of
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WHO'’s fourth Global Antimicrobial Resistance and Use
Surveillance System has shown 3 million laboratory-
confirmed bacterial infections reported from 70 countries
in 2019, caused by pathogens of concern (GLASS, 2021).
In particular, the data demonstrate discouraging trends
for low- and middle-income countries where antibacterial
resistance is steadily increasing, which adds to the exist-
ing burden of poor public healthcare in these countries.
In United States alone, which has a robust healthcare
system, at least 2.8 million antibiotic-resistant infections
are reported each year, with more than 35,000 people
dying due to ineffective treatment (CDC, 2019). The drug-
resistant bacterial strains are characterized as multidrug-
resistant (MDR), extensively drug-resistant (XDR), and
pan drug-resistant (PDR) based on the different patterns
of resistance. An acquired nonsusceptibility to at least
one antimicrobial in three or more antimicrobial classes
defines MDR; a nonsusceptibility to at least one agent in
all except one or two antimicrobial classes defines XDR;
and a nonsusceptibility to all agents in all antimicrobial
classes defines PDR (Magiorakos et al., 2012).

Multidrug-resistant Escherichia coli strains have been
reported to be significantly associated with a high inci-
dence of morbidity and mortality (de Been et al., 2014).
Proteus mirabilis displays an extensive drug-resistant
phenotype with intrinsic resistance to antibiotics due to
the presence of Salmonella genomic island (Qin et al.,
2015). Klebsiella pneumoniae is an example of PDR
bacterial strain which shows resistance to all available
classes of antibiotics and results in high mortality among
patients with bloodstream infections (Papadimitriou-
Olivgeris et al., 2021).

It is believed that novel strategies are essentially required
to counter and eliminate drug resistance in a cost-
effective manner to benefit the world population, par-
ticularly the undeveloped and developing nations which
are facing an imminent threat according to the current
statistics. Natural compounds and certain dietary agents

>

Antibiotics

Antimicrobial synergistic effects

show potential antimicrobial properties and these have
been used since ancient times to treat human infections
(Gonelimali et al., 2018; Udeh et al., 2020; Xu et al,
2017). Flavonoids rutin (quercetin-3-O-rutinose) and its
aglycone (quercetin) display important pharmacological
properties including anti-inflammatory, anti-carcino-
genic, and neuroprotective activities (Batiha et al., 2020;
Yong et al., 2020). The chemical structures of the two
phytochemicals, rutin and quercetin, are similar, with a
rutino-side being absent in quercetin at C3 (Yang et al.,
2019). Numerous studies have shown that the use of cer-
tain flavonoids diminishes the resistance to antibiotics
and demonstrates susceptibility in a synergistic manner,
which offers a consequential therapeutic strategy against
drug-resistant bacteria (Miklasiniska-Majdanik et al.,
2018). The presence of glycosidic structures in flavonoids
is known to alter their biological activities, as aglycones
are likely to have more potent biological activities com-
pared to glycosides (Williamson et al., 1996; Xiao, 2017).
Furthermore, flavonoid showed low cytotoxicity, high-
lighting its higher safety index (Nizer et al., 2020). Since
these flavonoids are dietary and are essential constituents
of human diets, their utilization in repurposing pharma-
cological strategies have an advantage of no or least asso-
ciated adverse effects.

In the current study, we examine the synergistic effects
of dietary flavonoids rutin and quercetin with antibiot-
ics gentamicin (an aminoglycoside) and ceftriaxone (a
third-generation cephalosporin) (Figures 1 and 2) against
the drug-resistant superbugs; clinical isolates including
E. coli (MDR), P. mirabilis (XDR) and K. pneumoniae
(PDR).

Materials and methods
This study is an analytical cross-sectional study con-

ducted in the Prince Fahd Research Chair, University
of Tabuk. As the study used an in vitro protocol that
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Figure 1. Schematic representation of the research theme.
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Figure 2. Chemical structures of flavonoids, rutin (A) and quercetin (B), and antibiotics, gentamicin (C) and ceftriaxone (D).

involved clinical isolates without patient’s data, there was
no need for patient’s consent or ethical approval.

Bacterial isolates

Three clinical bacterial isolates that showed different anti-
biotic resistance patterns were identified in Prince Fahd
Research Chair for biological studies, University of Tabuk
(Alnour et al., 2021) and used in this study to demonstrate
the antimicrobial effect of flavonoids, rutin and quercetin,
in combination with antibiotics gentamicin and ceftriax-
one. The drug-resistant isolates were E. coli, P. mirabilis,
and K. pneumoniae, which showed MDR, XDR, and PDR,
respectively. These isolates did not respond to the standard
MIC level of gentamicin and ceftriaxone. The standard
MIC level of gentamicin and ceftriaxone is 16 pg/mL and
64 pg/mL, respectively (Terbtothakun et al., 2021).

Preparation of stock solutions

Rutin and quercetin (Sigma) were dissolved in 10%
dimethyl sulfoxide (DMSO) to prepare a stock solution
of 1 mg/mL. Nitro-blue tetrazolium (NBT) (Sigma) was
prepared to reach the final concentration of 50 pg/mL

whereas gentamicin and ceftriaxone (Sigma) stock solu-
tions were prepared to reach the concentrations of 16 to
64 and 64 to 512 pg/mL, respectively.

Minimum inhibitory concentration broth microdilution
assay

Conventional MIC assay was performed using the NBT
microplate dilution method. In brief, a two-fold serial
dilution to the target flavonoid and antimicrobial agents
was prepared; overnight broth cultures were adjusted to
Mcfarland standard, 100 pL of standardized culture was
added to each well in 96-well plate to obtain final bacterial
suspension of 10°CFU/mL, 50 uL of NBT was then added
in all wells; antibiotics, gentamicin and ceftriaxone, and
flavonoids, quercetin and rutin, were added to the wells to
reach the required concentrations for each of these individ-
ually and in combination. The combination was as follows:
rutin-gentamicin, rutin-ceftriaxone, quercetin-gentamicin,
and quercetin-ceftriaxone. Positive control (resistance
strain), negative control (well free of bacteria) were
included. The plate was incubated at 37°C for 18-24 h,
reduction of NBT (colorless) to formazan (blue) indicated
the bacterial growth (resistance). The experiments were
done in triplicate for three independent repeats.
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Checkerboard test

Checkerboard assay, as described by Siriwong et al.,
2016 was performed to determine the synergistic activ-
ity of rutin and quercetin with gentamicin and ceftriax-
one against MDR E. coli, XDR P. mirabilis, and PDR K
pneumonia. In brief, 50 pL of 10° CFU/mL bacterial sus-
pension was treated with varying concentrations in com-
bination: rutin with gentamicin, rutin with ceftriaxone,
quercetin with gentamicin, and quercetin with ceftriax-
one. Growth positive control was included containing
bacterial suspension in Muller and Hinton broth and 10%
DMSO, while growth negative control contains reaction
mixture without addition of bacterial suspension. 50 L
of 50 ug/mL NBT was added to each well and the micro-
titer plate was incubated at 37°C for 18 h. The interaction
between the two agents was calculated by the fractional
inhibitory concentration (FIC) index of the combination
as the following (Terbtothakun et al., 2021):

FIC = MIC of component A in combination/MIC of com-
ponent A alone + MIC of component B in combination/
MIC of component B alone

Results were reported as synergism when the combina-
tion index is 0.5 or less.

Antimicrobial synergistic effects

Results

In order to study the interaction of flavonoids (rutin and
quercetin) with antibiotics on resistant clinical isolates,
combinations of the candidate compounds with gentami-
cin or ceftriaxone were evaluated by MIC and checker-
board assay.

The NBT microdilution results showed that the three
isolates, E. coli (MDR), P. mirabilis (XDR), and K. pneu-
moniae (PDR), did not show any response when tested
against the individual agents; rutin (MIC 1,000 pg/mL),
quercetin (MIC 2,000 pug/mL), ceftriaxone (MIC 64 ug/
mL), and gentamicin (MIC 16pg/mL) (Figure 3). It was
found that the minimum inhibitory response for genta-
micin was observed at 64 pg/mL while for ceftriaxone it
was 512 pg/mL, which were significantly higher than the
standard MIC for gentamicin and ceftriaxone (Figure 3).

Interestingly, growth inhibition of MDR and XDR isolates
was observed when the quercetin at a concentration of
700 pg/mL was added to 64 pg/mL and 128 pg/mL of gen-
tamicin, respectively. However, the combination of rutin
(serially diluted up to 1,000 ug/mL) with gentamicin (16
pg/mL) did not affect the resistance patterns of XDR and
PDR isolates and inhibited the growth of MDR isolate only.
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Figure 3. Minimum inhibitory concentrations of flavonoids and antimicrobials against the antibiotic-resistant clinical isolates,

MDR, XDR, and PDR.
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The results of the checkerboard assay showed a promis-
ing synergism effect between quercetin and ceftriaxone
against both MDR isolate and XDR isolate; this syner-
gism occurred at a concentration ranging between 100
and 800 pg/mL and 40 and 180 pg/mL for quercetin and
ceftriaxone, respectively. The synergism is observed to
increase with increasing the concentration of the antibi-
otic and reducing the concentration of quercetin (Figure
4a). This combination does not show effects against PDR
Klebsiella pneumonia. While the combination between
the quercetin and gentamicin displayed a weak effect
against the MDR isolate and significant synergism against
the XDR isolate, the synergism effect occurred at a con-
centration ranging between 200 and 700 pg/mL and 15
and 40pg/mL for quercetin and gentamicin, respectively.
Similarly, no effect against PDR Klebsiella pneumonia
was observed (Figure 4b). Surprisingly, this synergism
occurred within the standard MIC level of gentamicin
and ceftriaxone.

The combination between rutin and ceftriaxone dis-
played a significant effect against the MDR isolate and

an insignificant effect against the XDR isolate (Figure
5a); the synergism effect was reported at concentrations
of 100 and 180 pg/mL for rutin and ceftriaxone, respec-
tively; other concentrations exhibited a weak effect. The
combination between rutin and gentamicin showed only
a weak effect on the MDR isolate and does not affect both
XDR and PDR isolates (Figure 5b).

Discussion

The development of new antibiotic agents is costly,
time-consuming, and needs various stages of toxico-
logical assessments to ensure safety. A combination of
existing antimicrobial agents and dietary flavonoids
that display pharmacological properties has become an
effective therapeutic strategy against numerous kinds of
infections caused by MDR bacteria (Terbtothakun ez al.,
2021).

The present study aimed to determine the antimicro-
bial potential of two flavonoids (rutin and quercetin) in

(A) [Tsolates
Escherichia coll
(MDR)
[ Froteus mirabifiz
(XDE)
Kiebziella pneumoniae
(PDE)
(B)
Isolates
Ezcherichia coli (MDE)
Proteus mirabiliz (XDE) ’ l
mm-;ﬂ pmmnln S . D e —
Figure 4. (A) Checkerboard test showed the combined effect of quercetin (Q) and ceftriaxone (C). (B) Checkerboard test

showed the combined effect of quercetin (Q) and gentamicin (G). Grey shade indicates microbial growth (resistant isolate);

white shade indicates growth inhibition.

*Checkerboard result: Synergism is considered when the FMIC is equal to or less than 0.5.
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Figure 5. Figure 5. (A) Checkerboard test showed the combined effect of rutin (R) and ceftriaxone (C). (B) Checkerboard test
showed the combined effect of rutin (R) and gentamicin (G). Grey shade indicates microbial growth (resistant isolate); white

shade indicates growth inhibition.

*Checkerboard result: Synergism is considered when the FMIC is equal to or less than 0.5.

combination with gentamicin and ceftriaxone against
superbug bacterial isolates which showed a different
pattern of resistance (MDR, XDR, and PDR). These iso-
lates were selected to trace the antimicrobial efficiency
of flavonoids with the standard drugs, as these have been
reported as highly resistant and difficult to be treated,
and the emergence of such superbugs poses a consistent
threat to human lives world over (Adegoke et al., 2017;
Alnour et al., 2021). The selected antimicrobial agents
to be combined with flavonoids were gentamicin (ami-
noglycosides), which is an important class of antibiot-
ics that are commonly used for the treatment of severe
infections (Terbtothakun et al., 2021), and ceftriaxone,
which is a beta-lactam antibiotic and a third-generation
cephalosporin, that is marked by relatively high stability
towards the beta-lactamases of gram-negative bacilli and
is shown to be effective against a broad range of organ-
isms (Maina et al., 2012).

Our results showed that gentamicin, ceftriaxone, and
flavonoids alone failed to inhibit the growth of MDR E.
coli, XDR P. mirabilis, and PDR K. pneumoniae. A similar

result was obtained by Arima et al., 2002 and Nizer et
al., 2020 who conducted a study to evaluate the antibac-
terial activity of rutin isolated from Tontelea micrantha
leaves and concluded that rutin is not a promising anti-
microbial agent. Contradictory to these findings, several
other reports showed antimicrobial effects of flavonoids
against several bacterial isolates. As such, Araruna et al.,
2012 conducted a similar study that evaluated the anti-
biotic modifying activity of pilocarpine and rutin, and
they demonstrated the inhibitory effects of rutin against
E. coli. A comparable result for rutin was reported by
Pimentel et al., 2013 against P. mirabilis, P. aeruginosa,
and Klebsiella species. Moreover, Wang et al., 2018,
demonstrated the bacteriostatic effect of quercetin and
further reported an inhibitory effect on the growth of P
aeruginosa, S. aureus, S. Typhimurium, and E. coli. These
variations could be attributed to the pattern of resistance
shown by isolates under the study and the time of the
study. In our study, we utilized E. coli (MDR), P. mirabilis
(XDR), and K. pneumoniae (PDR) clinical isolates, which
were bacterial strains of the enterobacteriaceae family,
that are known to be naturally competent and can uptake
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naked DNA from the environment in appropriate condi-
tions (Patil et al., 2019).

Interestingly, our results showed promising antibacte-
rial activity of flavonoids when they were combined with
gentamicin and ceftriaxone; the synergistic effects of
gentamicin and ceftriaxone against the MDR isolate and
the XDR isolate were observed in the presence of rutin
or quercetin. The resistance pattern against gentamicin
and ceftriaxone was converted to a susceptible pattern
even at a low concentration of 15 pg/mL and 40 pug/mL
for gentamicin and ceftriaxone, respectively. Numerous
studies have evaluated the antimicrobial activities of fla-
vonoids against various clinical isolates, but only a few
reports showed inhibitory effects of rutin and querce-
tin against MDR and none describe their effect against
XDR or PDR. It is believed that the restoring of the anti-
microbial activities of the antibiotics in the presence of
the flavonoids might be due to the ability of flavonoids to
enhance the antibiotic drug efficacy (Vipin et al., 2020)
or due to the simultaneous activities of the agents on
two different cellular targets (Banik and Shamsuzzaman,
2021). Thus, the combination of quercetin or rutin with
ceftriaxone or gentamicin generates multiple effects
against the bacteria and displays strong growth inhibi-
tory effects. However, rutin has been reported to pos-
sess an efficient mechanism against bacterial growth by
inhibiting DNA gyrase and topoisomerase (Alajmi et al.,
2018), and the combination of these molecules with a cell
wall inhibitor, such as ceftriaxone, or protein synthesis
inhibitor, such as gentamicin, can interfere with pep-
tidoglycan synthesis (Fair and Tor 2014). The flavonoid
quercetin acts as a cell wall and cell membrane inhibitor
(Wang et al., 2018; Yang et al., 2020). Recently, Vipin et
al., 2020 examined the effectiveness of several antibiot-
ics, including ceftriaxone and gentamicin, in combina-
tion with quercetin, and reported synergistic activity of
quercetin against drug-resistant Pseudomonas aerugi-
nosa and stated that the ability of quercetin to empower
the aminoglycoside activity was due to the quorum sens-
ing inhibitory properties of flavonoids. In a related study,
Terbtothakun et al., 2021 reported synergistic effects of
aminoglycosides when combined with meropenem and
stated that the penetration of aminoglycosides into the
cytosol of bacteria is improved by other antimicrobial
agents, which could also explain the synergism with fla-
vonoids as reported in our study. The study showed that
the addition of aminoglycosides as adjunctive therapy to
meropenem can regain meropenem activity against car-
bapenem-resistant Enterobacteriaceae isolates harboring
blaNDM (Terbtothakun et al., 2021).

The combination of flavonoids and antibiotics in our
study had no effect on the PDR isolates; this may be due
to the cumulative effects of multi-resistance mechanisms

which are expressed by PAR isolates, such as overexpres-
sion of the efflux pump and porin with the -lactamases,
that lead to a high level of resistance.

Conclusion

Our findings showed a potential synergistic pattern of
rutin and quercetin in combination with gentamicin and
ceftriaxone. This finding suggests that rutin and querce-
tin can shift the resistance mechanisms of antimicrobial
agents into susceptible ones, thereby restoring the drug
efficacy. Since rutin and quercetin are essentially pres-
ent in human diets as constituents of fruits and vegeta-
bles, their use as nutraceuticals in adjuvant therapies in
combination with antibiotics against drug resistance is
a promising repurposing therapeutic strategy against
superbug infections.

Acknowledgment
The authors declare that this research was not funded
partially or completely by any external support. The

authors acknowledge the research facility at Prince Fahd
Research Chair, University of Tabuk.

Conflict of Interest

The authors agreed that there are no conflict of interest
for this research.

Data Availability
The data associated with the current study have been

incorporated in this manuscript. Further queries can be
forwarded to the corresponding author.

Research involving Human Participants and/or
Animals

Not applicable.

Informed Consent

Not applicable

References

Adegoke, A, Faleye, A., Singh, G. and Stenstrém, T., 2017. Antibiotic
resistant superbugs: assessment of the interrelationship of

40

ltalian Journal of Food Science, 2022; 34 (2)



occurrence in clinical settings and environmental niches.
Molecules 22: 29. https://doi.org/10.3390/molecules22010029

Alajmi, M.E, Alam, P, Rehman, M.T., Husain, EM., Khan, A.A.,
Siddiqui, N.A., et al., 2018. Interspecies anticancer and antimi-
crobial activities of genus solanum and estimation of rutin by
validated UPLC-PDA method. Evidence-Based Complementary
and Alternative Medicine 2018: Article ID 6040815. https://doi.
org/10.1155/2018/6040815

Alnour, T.M.S., Elssaig, E.H., Abuduhier, EM., Alfifi, K.A.S,
Abusuliman, M.S., Albalawi, T. and Ahmed-Abakur, E.H., 2021.
Phenotypic and genotypic characterization of antibiotic resis-
tant gram negative bacteria isolated in Tabuk City, Saudi Arabia.
African Journal of Microbiology Researchl15(8): 433-439.
https://doi.org/10.1101/2021.02.01.429288

Araruna, M.K.A,, Brito, S.A., Morais-Braga, M.E.B., Santos, K.K.A.,
Souza, T.M., Leite, T.R., Costa, ].G.M. and Coutinho, H.D.M.,
2012. Evaluation of antibiotic & antibiotic modifying activity of
pilocarpine & rutin. Indian Journal of Medical Research 135(2):
252-254.

Arima, H., Ashida, H. and Danno, G. Rutin-enhanced antibacterial
activities of flavonoids against Bacillus cereus and Salmonella
enteritidis. Bioscience, Biotechnology, and Biochemistry 66(5):
1009-1014-. https://doi.org/10.1271/bbb.66.1009

Banik, N. and Shamsuzzaman, S.M., 2021. Evaluation of effective-
ness of antibiotic combination therapy in multi drug resistant
Escherichia Coli in vitro and in vivo. Fortune Journal of Health
Sciences 4: 470-478. https://doi.org/10.26502/fjhs.036

Batiha, G.E., Beshbishy, A.M., Ikram, M., et al., 2020. The pharma-
cological activity, biochemical properties, and pharmacokinetics
of the major natural polyphenolic flavonoid: quercetin. Foods
9(3): 374. https://doi.org/10.3390/foods9030374:

CDC 2019: Centers for Disease Control and Prevention. Drug resis-
tance report 2019. Available at: https://www.cdc.gov/drugresis-
tance/pdf/threats-report/2019-ar-threats-report-508.pdf.

De Been, M. et al,, 2014. Dissemination of cephalosporin resistance
genes between Escherichia coli strains from farm animals and
humans by specific plasmid lineages. PLoS Genetics 10(12):
€1004776. https://doi.org/10.1371/journal.pgen.1004776

Fair, R.J. and Tor, Y., 2014. Antibiotics and bacterial resistance in the
21st century. Perspectives in Medicinal Chemistry 6: 25-64.
https://doi.org/10.4137/PMC.S14459

GLASS 2021: Global antimicrobial resistance and use surveillance
system (GLASS) report: 2021. Available at: https://www.who.
int/publications/i/item/9789240027336.

Gonelimalim ED., Lin, J. and Miao, W.,, et al., 2018. Antimicrobial
properties and mechanism of action of some plant extracts
against food pathogens and spoilage microorganisms. Frontiers in
Microbiology 9: 1639. https://doi.org/10.3389/fmicb.2018.01639

Magiorakos, A.P, Srinivasan, A., Carey, R.B,, et al. Multidrug-resistant,
extensively drug-resistant and pandrug-resistant bacteria: an inter-
national expert proposal for interim standard definitions for
acquired resistance. Clinical Microbiology And Infection 18(3):
268-281. https://doi.org/10.1111/j.1469-0691.2011.03570.x

Maina, D., Revathi, G., Kariuki, S., Ozwara, H., 2012. Genotypes and
cephalosporin susceptibility in extended-spectrum beta-lact-
amase producing enterobacteriaceae in the community. Journal

Antimicrobial synergistic effects

of Infection in Developing Countries. 6(6): 470—477. https://doi.
org/10.3855/jidc.1456

Miklasinska-Majdanik, M., Kepa, M., Wojtyczka, R.D., Idzik, D. and
Wasik, T.J., 2018. Phenolic compounds diminish antibiotic resis-
tance of Staphylococcus aureus clinical strains. International
Journal of Environmental Research and Public Health 15(10):
2321. https://doi.org/10.3390/ijerph15102321

Nizer, W.S., Ferraz, A.C., Moraes, T.F, Ferreira, F., Magalhaes, C,,
Vieira-Filho, S.A.,, et al,, 2020. Antimicrobial activity of rutin iso-
lated from 7T. micrantha leaves. Journal of Pharmaceutical
Negative Results 11(1): 9-14. https://doi.org/10.4103/jpnr.
JPNR_12_19

Oldenkamp, R., Schultsz, C., Mancini, E. and Cappuccio, A., 2021.
Filling the gaps in the global prevalence map of clinical antimi-
crobial resistance. Proceedings of the National Academy of
Sciences of the United States of America. 118(1): €2013515118.
https://doi.org/10.3390/antibiotics 10010076

Papadimitriou-Olivgeris, M., Bartzavali, C., Georgakopoulou, A.,
et al. Mortality of pandrug-resistant Klebsiella pneumoniae
bloodstream infections in critically ill patients: a retrospective
cohort of 115 episodes. Antibiotics (Basel) 10(1): 76. https://doi.
org/10.3390/antibiotics10010076

Patil, S., Chen, H., Zhang, X., Lian, M., Ren, P. and Wen, F,, 2019.
Antimicrobial resistance and resistance determinant insights
into multi-drug resistant gram-negative bacteria isolates from
paediatric patients in China. Infection and Drug Resistance
22(12): 3625—3634. https://doi.org/10.2147/IDR.S5223736

Pimentel, R.B.D.Q., da Costa, C.A,, Albuquerque, P.M. and Junior,
S.D., 2013. Antimicrobial activity and rutin identification of
honey produced by the stingless bee Melipona compressipes
manaosensis and commercial honey. BMC Complementary
Medicine 1(13): 151. https://doi.org/10.1186/1472-6882-13-151

Qin, S., Qi, H.,, Zhang, Q. et al,, 2015. Emergence of extensively
drug-resistant Proteus mirabilis harboring a conjugative NDM-1
plasmid and a novel Salmonella genomic Island 1 variant,
SGI1-Z. Antimicrobial Agents and Chemotherapy;59(10): 6601—
6604. https://doi.org/10.1128/AAC.00292-15

Siriwong, S., Teethaisong, Y., Thumanu, K., Dunkhunthod B. and
Eumbkeb, G., 2016. The synergy and mode of action of quercetin
plus amoxicillin against amoxicillin-resistant Staphylococcus
epidermidis. BMC Pharmacology and Toxicology 17: 39. https://
doi.org/10.1186/s40360-016-0083-8

Terbtothakun, P, Nwabor, O.F, Siriyong, T., Voravuthikunchai, S.P. and
Chusri, S., 2021. Synergistic antibacterial effects of meropenem in
combination with aminoglycosides against carbapenem-resistant
Escherichia coli Harboring blaNDM-1 and blaNDM-5. Antibiotics
10: 1023. https://doi.org/10.3390/antibiotics10081023

Udeh, E.L., Nyila, M.A. and Kanu, S.A., 2020. Nutraceutical and
antimicrobial potentials of Bambara groundnut (Vigna subterra-
nean): a review. Heliyon 6(10): €05205. https://doi.org/10.1016/j.
heliyon.2020.e05205

Vipin, C., Saptami, K., Fida, F, Mujeeburahiman, M., Rao, S,
Athmika, A.B.A., et al,, 2020. Potential synergistic activity of
quercetin with antibiotics against multidrug-resistant clinical
strains of Pseudomonas aeruginosa. PLoS One 15(11): 0241304
https://doi.org/10.1371/journal.pone.0241304

Italian Journal of Food Science, 2022; 34 (2)

41


https://doi.org/10.3855/jidc.1456
https://doi.org/10.3855/jidc.1456
https://doi.org/10.3390/ijerph15102321
https://www.researchgate.net/scientific-contributions/Waleska-Stephanie-da-Cruz-Nizer-2157616650?_sg%5B0%5D=tNyFZswe_6oErZjgvLs9t_vn7LzQLgU3uzEHuWzlrnZA49Fzqtvo8a8BI4f5OlW6NYhh1EM.bZ-dPNnREOLi5J6n3-96Ipvfm2uk6vhJhw0LTo3wRhVWW4qmojoan09ZvmBmglrkLEcs8btMQ6bA2tYVbrxcNg.d9W6_mj8LvQxOVKL-b-e3EtGFiauSxllTpunlmq1lVNBUe1mb2Ucelr4OBY2XoVrYselBeplaHaUY9ppwoWz3g&_sg%5B1%5D=8lPpOuggX_Wz-jfEND3o_pgOxdgEdPqy7895dGnra7BILIcJSTyBso40widf_HU-Wpgr0kw.zhKm3xYFqpChrIe14TSOr4aafYLLyRv9TxqUOI_WBsbt3BnGoCtWDfax-ZwQYzpTYoO_NyDwooyugLV-nUIZng
https://www.researchgate.net/profile/Cintia-Magalhaes
https://www.researchgate.net/scientific-contributions/Sidney-Augusto-Vieira-Filho-2177325430
https://www.researchgate.net/scientific-contributions/Sidney-Augusto-Vieira-Filho-2177325430
https://doi.org/10.4103/jpnr.JPNR_12_19
https://doi.org/10.4103/jpnr.JPNR_12_19
https://doi.org/10.3390/antibiotics10010076
https://doi.org/10.3390/antibiotics1001007
https://doi.org/10.3390/antibiotics1001007
https://pubmed.ncbi.nlm.nih.gov/?term=Chen+H&cauthor_id=31819545
https://pubmed.ncbi.nlm.nih.gov/?term=Zhang+X&cauthor_id=31819545
https://www.dovepress.com/infection-and-drug-resistance-journal
https://doi.org/10.2147/IDR.S223736
https://doi.org/10.1186/1472-6882-13-151
https://doi.org/10.1128/AAC.00292-15
https://pubmed.ncbi.nlm.nih.gov/?term=Dunkhunthod+B&cauthor_id=27491399
https://pubmed.ncbi.nlm.nih.gov/?term=Eumkeb+G&cauthor_id=27491399
https://doi.org/10.1186/s40360-016-0083-8
https://doi.org/10.1186/s40360-016-0083-8
https://doi.org/10.3390/antibiotics10081023
https://doi.org/10.1016/j.heliyon.2020.e05205
https://doi.org/10.1016/j.heliyon.2020.e05205
https://doi.org/10.1371/journal.pone.0241304
https://doi.org/10.3390/molecules22010029
https://www.hindawi.com/journals/ecam/
https://www.hindawi.com/journals/ecam/
https://doi.org/10.1155/2018/6040815
https://doi.org/10.1155/2018/6040815
https://doi.org/10.1101/2021.02.01.429288
https://doi.org/10.1271/bbb.66.1009
https://doi.org/10.26502/fjhs.036
https://doi.org/10.3390/foods9030374
https://www.cdc.gov/drugresistance/pdf/threats-report/2019-ar-threats-report-508.pdf
https://www.cdc.gov/drugresistance/pdf/threats-report/2019-ar-threats-report-508.pdf
https://doi.org/10.1371/journal.pgen.1004776
https://doi.org/10.4137/PMC.S14459
https://www.who.int/publications/i/item/9789240027336
https://www.who.int/publications/i/item/9789240027336
https://doi.org/10.3389/fmicb.2018.01639
https://doi.org/10.1111/j.1469-0691.2011.03570.x

Alnour TMS et al.

Wang, S., Yao, J., Zhou, B., Yang, J., Chaudry, M.T., Wang, M., et al.,
2018. Bacteriostatic effect of quercetin as an antibiotic alterna-
tive in vivo and its antibacterial mechanism in vitro. Journal of
Food Protection 81(1): 68-78. https://doi.org/10.4315/0362-
028X.JFP-17-214

Williamson, G., Plumb, G.W., Uda, Y., Price, K.R. and Rhodes, M.].,
1996. Dietary quercetin glycosides: antioxidant activity and
induction of the anticarcinogenic phase II marker enzyme qui-
none reductase in Hepalclc7 cells. Carcinogenesis 17(11): 2385—
2387. https://doi.org/10.1093/carcin/17.11.2385

Xiao, J., 2017. Dietary flavonoid aglycones and their glycosides:
which show better biological significance? Critical Reviews in
Food Science and Nutrition 57(9): 1874—905.

Xu, C,, Yagiz, Y., Zhao, L., Simonne, A., Ly, J. and Marshall, M.R,,
2017. Fruit quality, nutraceutical and antimicrobial properties of
58 muscadine grape varieties (Vitis rotundifolia Michx.) grown

in United States. Food Chemistry 215: 149-156. https://doi.
org/10.1016/j.foodchem.2016.07.163

Yang, D., Wang, T., Long, M. and Li, P, 2020. Quercetin: Its main
pharmacological activity and potential application in clinical
medicine. Oxidative Medicine and Cellular Longevity 2020:
Article ID 8825387. https://doi.org/10.1155/2020/8825387

Yang, J., Lee, H.,, Sung, J., Kim, Y., Jeong, H.S. and Lee, J., 2019.
Conversion of rutin to quercetin by acid treatment in relation to
biological activities. Preventive Nutrition and Food Science
24(3): 313-320. https://doi.org/10.3746/pnf.2019.24.3.313

Yong, D.O.C,, Saker, S.R., Chellappan, D.K,, et al., 2020. Molecular
and immunological mechanisms underlying the various phar-
macological properties of the potent bioflavonoid, rutin.
Endocrine, Metabolic & Immune Disorders — Drug Targets
20(10): 1590-1596. https://doi.org/10.2174/1871530320666200
503053846

42

ltalian Journal of Food Science, 2022; 34 (2)


https://doi.org/10.1016/j.foodchem.2016.07.163
https://doi.org/10.1016/j.foodchem.2016.07.163
https://doi.org/10.1155/2020/8825387
https://doi.org/10.3746/pnf.2019.24.3.313
https://doi.org/10.2174/1871530320666200503053846
https://doi.org/10.2174/1871530320666200503053846
file:///C:/WORK/16-04-2022/javascript:;
file:///C:/WORK/16-04-2022/javascript:;
file:///C:/WORK/16-04-2022/javascript:;
file:///C:/WORK/16-04-2022/javascript:;
file:///C:/WORK/16-04-2022/javascript:;
file:///C:/WORK/16-04-2022/javascript:;
https://doi.org/10.4315/0362-028X.JFP-17-214
https://doi.org/10.4315/0362-028X.JFP-17-214
https://doi.org/10.1093/carcin/17.11.2385

Italian Journal of Food Science, 2022; 34 (2): 43-49

The role of whey protein in myogenic differentiation

Rui Xu'¥, Yuejuan Xiao? Ying Zhang?, Xiyan Zhao'

1College of Food Science and Technology, Hebei Normal University of Science and Technology, Changli, Qinhuangdao,
China; *College of Marine Resources and Environment, Hebei Normal University of Science and Technology, Changli,
Qinhuangdao, China

*Corresponding Author: Rui Xu, College of Food Science and Technology, Hebei Normal University of Science and
Technology, Changli, Qinhuangdao, 066600, China. Email: robust100@163.com

Received: 25 July 2021; Accepted: 28 March 2022; Published: 26 April 2022
© 2022 Codon Publications

OPEN ACCESS |(<)(D®O)

PAPER

Abstract

Whey protein has been shown to prevent exercise-induced protein degradation and muscle damage. We hypothe-
sized that whey protein would regulate muscle cell differentiation. Adding various concentrations of whey protein
to C2C12 myoblasts induced cell differentiation and MyoD (myogenic differentiation protein) expression as well as
the phosphorylation of AKT (protein kinase B). Whey protein-induced differentiation-specific markers increased
the enzymatic activities of creatine kinase and citrate synthase and the expression of muscle-specific microRNA.
Whey protein elevated AKT phosphorylation on Thr308 and Ser473, which was inhibited by LY294002 (a non-
selective phosphoinositide 3-kinases inhibitor), suggesting that whey protein acts via PI3K (phosphatidylinositol
3-kinase). Blocking of the PI3K/AKT pathway with specific inhibitors revealed its requirement in mediating the
promotive effects of whey protein on C2C12 cell differentiation. These effects of whey protein on myoblast differ-
entiation suggest its positive influence in preventing muscle atrophy.

Keywords: C2C12, myoblast differentiation, whey protein

Introduction proliferation of myoblasts, exit of these myoblasts from

the cell cycle, and their differentiation into muscle fibers

Whey protein, including essential branched-chain amino
acid, is one of the latest dietary supplements for pro-
moting/aiding the increase in strength and improving
the lean body mass. The branched-chain amino acid has
been shown to increase muscle hypertrophy by inhibit-
ing muscle degradation (Aoyama et al., 2019). A change
in lean muscle mass is often attributed to a changed bal-
ance between protein synthesis and degradation rates
in tissues. However, the direct effect of whey protein on
myogenic mechanisms has never been studied. Here we
examined the effects of whey protein on the differentia-
tion of C2C12 myoblasts.

Skeletal muscle formation or myogenesis is a com-
plex and highly regulated process that involves the

(Hernédndez-Hernindez et al., 2017). The sequential
expression of myogenic regulatory factors (MRFs), a
group of basic helix-loop-helix (bHLH) transcription
factors that include MyoD, Myf-5 (myogenic factor 5),
myogenin, and MRF4 is required (Seale and Rudnicki,
2000). MyoD and Myf-5 are the primary MRFs required
for the formation, proliferation, and survival of myoblasts
whereas myogenin and MRF-4 act later to control myo-
blast differentiation and induce the expression of import-
ant muscle-specific genes, such as myosin heavy chain
and creatine kinase.

MicroRNAs (miRNAs) are a class of highly conserved,
non-coding RNAs molecules that play key roles in
posttranscriptional gene regulation. A small number
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of muscle-specific miRNAs have been shown to have a
crucial role in myoblast proliferation and differentiation
(Wang et al., 2018). Numerous miRNA expression profil-
ing studies have consistently shown that miRNA-1 (miR-1),
miR-133a, and miR-206 have to be muscle-specific
(Motaei et al., 2019). Analysis of the presumptive miR-1
promoter has shown that miR-1 expression is regulated
by SRF (serum response factor), MyoD, MEF2 (myocyte
enhancer factor-2), and Dorsal- and Twist-binding sites,
all factors known to be important in conferring muscle-
specific gene expression (Zhang et al., 2021). miR-1 pro-
motes the differentiation and exit of cardiac and skeletal
progenitors from the cell cycle in mammals.

The phosphoinositide 3'-kinase (PI3K) plays a crucial
role in effecting alterations in a broad range of cellular
functions in response to extracellular signals. Akt phos-
phorylates a variety of substrates involved in the regula-
tion of key cellular functions including cell growth and
survival and protein translation. The PI3K/AKT pathway
has been reported to play a major role in inducing cell
differentiation and hypertrophy (Rommel et al., 2001).

Given the importance of the muscle-specific miRNAs
and PI3K/AKT signaling in muscle development, we
must have the interest to determine what role they may
have in skeletal muscle plasticity. To gain insight into
the roles of whey protein in muscular hypertrophy, we
analyzed the profiles of miR-1, miR-133a, and miR-206
expression as well as PI3K/AKT pathway in C2C12 cells.

Materials and Methods

Materials

C2C12 myoblast was purchased from China Center for
Type Culture Collection. Dulbecco’s modified Eagle’s
medium (DMEM) and fetal bovine serum (FBS) were
purchased from Gibco (Grand Island, USA). Whey pro-
tein concentration contained 80.05% protein, which was
measured using the Kjeldahl method. LY294002 is LY
294002 HYDROCHLORIDE, purchased from Beyotime
Institute of Biotechnology (Jiangsu, China).

Cell culture

The cells were grown in DMEM containing 10% FBS.
Once cells had reached 80% confluency, the medium was
changed to DMEM supplemented with 2% horse serum.
C2C12 myoblasts were differentiated into myotubes
by incubation in the differentiation medium (2% horse
serum in DMEM). Myotubes were maintained in the
differentiation medium, and the medium was changed
every 48 h. The inhibitors LY294002 (20 uM) was added
before whey protein, which was used at 0.1 mg/mL or
0.4 mg/mL for C2C12 myoblasts.

Enzyme assays

The activities of two marker enzymes of differentiation,
creatine kinase (CK) and citrate synthetase (CS), were
assayed in cellular extracts using a spectrophotometric-
based kit from Nanjing Jiancheng Bioengineering
Institute (Nanjing, China) and Shanghai Genmed
Pharmaceutical Co., Ltd (Shanghai, China), respectively.

Detection of mature miRNAs

To detect miRNA in all RNA samples, the All-in-one
miRNA Q-PCR detection kit and PCR primer sets for
miR-1, -133a, and -206 were used according to the manu-
facturer’s directions (GeneCopoeia, Guangzhou, China).
Further, the expression of all samples was normalized to
Rnu6 (U6 small nuclear RNA) levels to account for possi-
ble differences in the amount of initial RNA.

Quantitative real-time PCR

Isolation of all RNA and RT-PCR was done as described by
Dogra et al. (2006), but with a minor modification. Briefly, an
RNAiso Plus Kit (TaKaRa, Dalian, China) was used to extract
RNA from cells. All RNA samples were reverse-transcribed
using gene-specific primer and Fermentas’s reverse transcrip-
tion kit according to the manufacturers’ instructions. The
sequences of primers used were as follows: MyoD,
5-TGCGGTGCACCCAGGCCCAG-3’ (forward) and
5'-CCGCCTCACTGTAGTAGGCG-3" (reverse); Myf5,
5'-CAAGAGTAGCAGCCTTCGGA-3’ (forward) and
5'-GGAGCTTTTATCTGCAGCAC-3'(reverse); Myogenin,
5"-GCTATGAGCGGACTGAGCTC-3’ (forward) and
5"-GGAGTGCAGATTGTGGGCGT-3’ (reverse); GAPDH,
5"-CCTTCATTGACCTCAACTAC-3’ (forward) and
5"-AGCCCCACGGCCATCACGCC-3’ (reverse).

Quantitative real-time PCR was conducted using the
same primers as described above and following a method
as detailed by Dogra et al. (2006). Data normalization was
accomplished using the endogenous control (GAPDH)
and the normalized values were subjected to a 2724¢
threshold cycle formula to calculate the fold change
between the control and experiment groups.

Western blot analysis

Cells were extracted with (Radio Immunoprecipitation
Assay) (RIPA) buffer and lysates were cleared by cen-
trifugation. Equal amounts of protein were loaded and
resolved by 12% (w/v) SDS-PAGE, then transferred to
nitrocellulose membranes (Whatman). The membranes
were blocked with 5% nonfat dry milk in Trisbuffered
saline-0.1% Tween (TBST) and probed overnight with
primary antibodies in TBST supplemented with 5%
bovine serum albumin. After reaction in TBST with
horseradish peroxidase-conjugated secondary antibod-
ies (Boisynthesis, Beijing, China), bands were visualized
using enhanced HRP-DAB reagents (Tiangen, Beijing).
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After blocking, the membranes were incubated with
the following primary antibodies: polyclonal anti-AKT
(Cell Signaling), anti-phospho-AKT (Thr308), anti-phos-
pho-AKT (Ser473), and monoclonal anti-myosin heavy
chain (Santa Cruz), and polyclonal anti-p-Actin antibody
(Boisynthesis).

Statistical analysis

Results are expressed as mean + SE. A value of P < 0.05
was considered statistically significant unless otherwise
specified and statistical analyses were performed using
Origin 8.0.

Results

Assay of marker enzyme

The addition of various concentrations of whey protein to
serum-starved C2C12 myoblasts for 24 h enhanced the
enzymatic activity of the muscle differentiation-specific
markers creatine kinase and citrate synthase in a dose-re-
sponsive manner, with the highest levels being observed
at 0.4 mg/ml whey protein. The enzyme activities of CS
and CK are shown in Table 1. There was no significant
change in CS activities for the concentration of 0.1 mg/ml.
Comparisons of the activities of markers of differentiated
skeletal muscle CS and CK revealed increases from 2.61
to 5.87 U/mg-prot and from 41.7 to 68.4 pmol/mg-min,
respectively.

Myogenic gene expression

Since the activation of MRFs is a prerequisite for myo-
genesis, we investigated the effect of whey protein on
the expression of MyoD, myogenin, and Myf-5. C2C12
myoblasts were incubated in DM alone or with 0.1 and
0.4 mg/ml whey protein. The expression of MyoD, myo-
genin, and Myf-5 mRNA was measured using QRT-PCR.
As shown in Figure 1, whey protein increased the expres-
sion of MyoD, Myf5, and Myogenin in C2C12 myoblasts.
The mRNA levels of these genes were significantly higher
in the experimental group as compared with the control
group. These data suggest that whey protein regulates

Table 1. Enzymatic activity of two marker enzymes of
differentiation.

Activity Control 0.1 mg/ml 0.4 mg/ml
whey whey

CK(U/mg-prot) 261+012 394+£0.25° 5.87+0.39°

CS(umol/mg:min) 417+3.09 5321322 68.4 +4.41*

Data are expressed as means + SE.
* Statistically significant difference from Control (P < 0.05).
+ Significantly different from Control (P < 0.01).

The role of whey protein

myogenic differentiation by influencing the MRF tran-
script levels.

miRNA expression

There was no difference in the level of expression for
miRNA-206, which was 2.6-fold higher in the low-dose
group relative to the control group. As shown in Figure 2,
expression of miRNA-1 and miRNA-206 increased by ~2.5-
fold in response to whey protein, whereas miRNA-133a
expression increased by ~1.7-fold. In contrast to the other
miRNA, miRNA-206 and miR-133a expression did not
change significantly after the low-dose treatment. The
observed change in miRNA expression suggested there
would be a similar change in the expression of the mature
muscle-specific miRNAs, miR-1, miR-133a, and miR-206.

PI3K/AKT signaling pathways

Given our results, we sought to determine whether
whey protein induces signaling pathways such as that of
PISK/AKT. In serum-starved C2C12 cells, AKT phos-
phorylation on amino acid Ser473 was upregulated
after incubation with whey protein in an elevated man-
ner. AKT phosphorylation was induced in C2C12 cells
in a dose-dependent manner (Figure 3). Whey protein
induced the phosphorylation of AKT phosphorylation
sites, Ser473 and Thr308, both are required for full kinase
activity. This phosphorylation was completely abolished
in the presence of the specific PI3K inhibitor LY294002.
LY294002 treatment completely abolished the whey-in-
duced AKT phosphorylation, implying the requirement
of PI3K activation for this response. Increases in protein
synthesis require activation of the translational machin-
ery and in addition may consist of indirect effects after
stimulation of gene transcription. To test whether AKT
phosphorylation is required for whey protein’s stimula-
tory effect on myoblast protein synthesis, C2C12 myo-
blasts were treated with 0.1 and 0.4 mg/ml whey protein
for 24 h with or without Ly294002, a stable PI3K inhib-
itor, which was added 30 min before the whey protein
addition. A western blot analysis for MHC (myosin heavy
chain) revealed that Ly294002 addition prevented the
whey-induced MHC levels in C2C12 cells (Figure 3).

In the absence of LY294002, treatment with 0.4 mg/ml
whey protein increased baseline protein synthesis com-
pared to untreated controls for Serine and Threonine
phosphorylation, respectively. These results indicate a
strong impact of PI3K on baseline protein synthesis. The
whey-induced increase in protein synthesis was reduced
by LY294002 above the corresponding control conditions,
indicating that PI3K contributes to whey protein-induced
protein synthesis.

The whey-induced PI3K-dependent AKT phosphor-
ylation is required for whey’s promotive effect on the
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Whey protein increases markers of myogenic differentiation. C2C12 myoblasts were incubated in the absence or

presence of whey protein at various concentrations for 24 h, and mRNA expression levels of myogenin, MyoD, and Myf5 were
analyzed by quantitative real-time PCR using GAPDH as an internal control. *Statistically significant difference from Control
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Figure 2. Whey protein increases the expression of muscle-specific miRNA. C2C12 myoblasts were incubated in the absence
or presence of whey protein at various concentrations for 24 h, and miRNA expression levels were analyzed by fluorescence
quantitative real-time PCR using U6 as an internal control. *Statistically significant difference from Control (P < 0.05).

differentiation of myoblasts. Taken together, these data
suggest that whey protein has a beneficial effect on adult
skeletal muscle, both during normal growth and under
stress conditions.

Discussion

Our study demonstrates that whey protein promotes
general protein accretion, muscle-specific gene expres-
sion, and myoblast fusion during myogenic differentia-
tion. Moreover, our data suggest that stimulation of these
processes by whey protein relies on positive regulation
of AKT because increased AKT phosphorylation and a
subsequent increase in MHC protein were observed in
response to whey protein. In the enzymatic assay of CK

and CS, the well-known and accepted markers of differ-
entiation, cultures treated with a differentiation medium
showed a higher activity, evidencing a higher degree of
differentiation. As expected, a dose-dependent promo-
tion in both CK and CS activity was seen in the presence
of whey protein in C2C12 cultures. Many literatures
(Griffen et al., 2022; Thalacker-Mercer et al., 2020) have
shown that whey protein can promote muscle hypertro-
phy because it contains branched-chain amino acids. In
the pre-experiment, we found that when whey protein
concentration was 0.1 mg/ml, it showed an effect com-
pared with the control group, so we chose these two
doses (0.1 and 0.4 mg/ml).

Skeletal muscle differentiation can be regulated by at least
three possible mechanisms, which include alteration in
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Figure 3. The PI3K/Akt pathway is induced by whey protein.
Akt phosphorylation of serum-starved C2C12 myoblasts in
response to various concentrations of whey protein. Akt
phosphorylation was analyzed by western blot with the anti-
phospho-Akt antibody followed by densitometric analysis
normalized to levels of B-actin. The western blot analysis for
MHC in C2C12 cells treated for 24 h with different concentra-
tions of whey protein without or with LY294002 (25 uM).

protein degradation, mRNA stabilization, and gene tran-
scription. Although evidence exists to support the first
two mechanisms (Lee et al., 2019; Vaisid and Kosower,
2013), modulation in gene expression appears to be most
important during differentiation. This occurs via the acti-
vation of various phosphatases and kinases, which in turn
alter the activity of downstream regulatory factors such
as MEF2, Myf-5, myogenin, MyoD, serum response fac-
tor, and nuclear factor of activated T cells. Since the pres-
ence of whey protein increased the transcripts of MyoD,
myf-5, and myogenin (Figure 1) and also promoted the
protein synthesis of MHC in myoblasts (Figure 3), our
data suggest that the increased myogenesis is the result of
increased transcription of MRFs.

The current investigation was undertaken as an initial
survey of muscle-specific miRNA expression in response
to whey-induced differentiation to determine if these
novel trans-factors have a potential role in adult skeletal
muscle hypertrophy. The results of this study compre-
hensively provide the first evidence of miRNAs func-
tions during whey-induced muscle hypertrophy and the
foundation for future studies directed at elucidating the
role of specific miRNAs during muscle growth. The pos-
sibility that miR-206 may have a role in the regulation
of skeletal muscle hypertrophy is supported by a recent
study demonstrating that miR-206 contributes to the
hypertrophic phenotype of Texel sheep (Qin et al., 2017).
Quantitative trait loci mapping revealed Texel sheep
have a single nucleotide polymorphism (SNP) within the
3’-UTR of the myostatin gene that results in the forma-
tion of a functional miR-1/miR-206 target site.

The role of whey protein

miR-1, miR-133a, and miR-206 are transcribed during
myogenesis and seem to be regulated by MyoD and myo-
genin (Rosenberg et al., 2006). miR-206 is transcribed
independently of miR-1 and miR-133a, which are tran-
scribed as a common pri-miRNA precursor from the
miR-1/miR-133a locus, followed by alternative splicing
to generate different primary transcripts (Taylor and
Hughes, 2017). This is consistent with the present find-
ing that miR-1 and miR-133a expression showed similar
patterns in their induction and increase during differ-
entiation. These observations suggested that miR-206
might be induced by MyoD whereas miR-1 and miR-133a
might be induced by myogenin, as the onset and tempo-
ral sequence of miR-206 and miR-1/miR-133a expres-
sion seem to coincide with those of MyoD and myogenin
expression during myogenesis. After their induction
by MyoD and myogenin, however, other factors must
be involved in the expression of these miRNAs at later
stages.

The challenge for future studies will be to identify rele-
vant target genes of each muscle-specific miRNA and
how they contribute to the regulation of skeletal muscle
growth and phenotype. Further studies are needed to
address these complex regulatory roles of miRNAs, and
the identification of bona fide, biologically relevant tar-
gets for miRNAs will be an important goal for miRNA
researchers in the future.

Whey protein has been observed to influence muscle
strength via various mechanisms, such as decreasing
protein degradation and attenuating the proteosome—
ubiquitin degradation pathway on the one hand, and
increasing protein synthesis on the other. Taken together,
our findings suggest that, at least in culture, whey protein
can drive C2C12 myoblasts into the cell cycle, thus act-
ing as a mitogen in these cells. The differential response
of C2C12 cells to whey protein suggests this mitogen’s
species-specific effect. Many investigators have reported
the stimulatory effect of essential amino acids on mRNA
translation (Sans et al., 2021), which generally relies on
the enhanced activity of the ribosomal protein S6 kinase
(S6K1) resulting from signaling through the PI3K/Akt/
mTOR pathway.

Whey protein increased the protein levels of MHC in a
dose-dependent manner. The signaling pathways through
which whey protein exerts its effects are not fully under-
stood. In this study, we demonstrate for the first time the
promotive effect of whey protein on AKT phosphoryla-
tion and the requirement of this pathway to mediate its
effects, as demonstrated by employing specific inhibi-
tors. By blocking the PI3K/AKT pathway with specific
inhibitors, we demonstrate that this pathway is required
in mediating the promotive effect of whey protein on
muscle cell differentiation. The crucial role of AKT in
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myogenic differentiation and hypertrophy induced by
whey protein has been well demonstrated in this study.

Recent studies have reported that a class III PI3K medi-
ates the amino acid activation of the mammalian target
of rapamycin (mTOR) and its downstream molecules,
which is distinct from the effect of insulin (Kwak et al.,
2016). Our findings indicate that whey protein fully acti-
vates AKT by inducing phosphorylation on both Thr308
and Ser473, while the latter phosphorylation is inhibited
by LY294002, a specific PI3K inhibitor. However, we can-
not rule out the possibility that whey protein activates
the mTOR/p70S6k pathway in a manner similar to other
amino acids.

Therefore, we believe that the promotive effects, shown
here, of whey protein on muscle cell differentiation,
together with its previously demonstrated anti-catabolic
effects, justify its supplement as a therapeutic strategy
to prevent muscle loss in myopathies as well as in aging
and trauma. However, together with mRNA content,
it could be expressed by showing the differences in cell
morphology and quantifying the level of index fusion of
the number of nuclei by another measurement method.
Moreover, the PI3K/AKT axis such as p38 MAPK could
also be discussed and we would have a great interest in it
in the future.
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Abstract

Bottle gourd (Lagenaria siceraria) is a naturally rich source of several phytochemicals that play a vital role in the
prevention of diseases. In the present study, the effect of bottle gourd flour (BGF) as a fat mimetic in biscuits at
different concentrations (10, 15, 20, 25, and 50% w/w) was explored. Rheological properties, the microstructure of
dough, bioactive compounds, anti-diabetic potential, storage stability, and the nutritional, physical, and sensory
properties of samples were investigated. The addition of BGF in wheat flour (WF) showed increased water absorp-
tion (58.70-72.43%) and reduced dough stability time (11.71-5.01 min). Trough (1165.11-1096.10 Torque) and
set back viscosities (471.21-448.09 Torque) decreased significantly (P < 0.05) with the increased level of BGF in
WE. Furthermore, gluten content was also reduced. The baking process decreased the IC, values, although total
phenol content and total flavonoid content decreased. Shelf life study of 2 months revealed no significant (P < 0.05)
difference in bioactive compounds, and alpha-amylase inhibition activity of fat-replaced biscuits. Moreover, the
anti-hyperglycemic activity of BGF-WF biscuits in human subjects also showed positive results. The percentage
increase in both peroxide value (0.2-2.87 milliequivalent O,/kg of fat) and free fatty acid (0.1-0.9%) during stor-
age was significantly (P < 0.05) lower than control biscuits (0.9-5.53 mill-equivalent O,/kg of fat and 0.2-1.1%),
which correlates to the enhanced activity of bioactive compounds in BGF-WF biscuits, which in turn relates to
decreasing the rate of oxidation. The crude fiber and protein contents of BGF-WF biscuits were improved from
0.21 to 17.30% and 11.20 to 18.70%, respectively. Sensory and textural performance exhibited that the biscuits
were acceptable after fat replacement of up to 15% BGF. Based on this study, BGF may be suggested as an excellent
natural fat replacer to be used in nutraceuticals and functional foods.

Keywords: anti-diabetic potential; antioxidant; bottle gourd flour; dough rheology; physical properties; sensory profile

Introduction diseases like diabetes mellitus, hypertension, cardiovas-

cular disease, and cancer. Possible ways to control obesity
Obesity is one of the biggest challenges of the present are reducing the intake of fat, sugar, salt, limiting kilocal-
world. People are becoming highly conscious of their ories in the daily diet, and increasing the consumption of

body weight due to the increased risk of obesity-linked high fiber vegetables and fruits. That’s why ingredients
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that could replace fats and sugars are being extensively
explored for applications in food industries.

Lagenaria siceraria is the most popular fruit vege-
table throughout the world. It belongs to the family
Cucurbitaceae and is commonly called as Bottle gourd
(BG) or Lauki. Among the different vegetables grown
in India and Pakistan, BG is more commonly consumed
because it is inexpensive and well-known for its medicinal
properties (Attar and Ghane, 2019). Several studies have
revealed that BG served as an antidiabetic and antican-
cer agent. Besides, BG is also used to treat various neu-
rological disorders like Alzheimer’s disease. Nutritional
evaluation reveals that it is a rich source of various nutri-
ents such as vitamin B, C, pectin, fibers, beta-carotene,
amino acids, proteins, and glycosides (Attar and Ghane,
2019). Its pulp and seeds have been used to manufacture
different food products; high fiber and protein-rich bis-
cuits were prepared by incorporating BG seed powder in
wheat flour (Patel and Pradhan, 2015). In another study;,
BG pulp was used for the preparation of BG sweet meat
and was evaluated for sensorial and textural properties
(Saini and Sharma, 2018). On the basis of its diverse
functional properties, bottle gourd flour (BGF) can be
considered as a great source of fat mimetic. For instance,
the presence of the nonpolar compounds confers lipid-
soluble flavor-carrying capacity while polar groups facil-
itate water-binding, which together help to generate
creaminess and lubricity in foods similar to that found in
full-fat products (Saeed et al., 2020a).

Numerous studies have been conducted based on the uti-
lization of dietary fiber or inulin as a fat replacer in bis-
cuits and analyzed for its chemical, physical, and sensory
properties. Saeed et al. (2021) studied the effect of fat
replacement by date pit flour on the rheological and other
quality parameters of the biscuits. Furthermore, Saeed
et al. (2020c) studied the utilization of lotus root flour as a
fat replacer in biscuits, while Roman et al. (2015) proved
that extruded wheat flour paste with the addition of emul-
sifier could be an active fat replacer in cakes formulation.

Although some studies have demonstrated favorable health
effects of bakery products that contain fat replacer or fat
mimetic components, no information is available on the use
of BGF as a fat mimetic. Therefore, this study was proposed
to evaluate the functional properties of BGF and the effect of
its incorporation at different levels (10—50%) on the physico-
chemical properties, rheological properties, microstructure
of dough, nutritional profile, physical parameters (dimen-
sional, color, and textural), and sensorial attributes of bis-
cuits. Furthermore, the dough and biscuits were evaluated
for their antioxidant activity, bioactive compounds, anti-
diabetic properties, and storage stability, so that new type
of functional biscuits with optimum sensory and nutritional
benefits could be introduced at the industrial level.

Bottle gourd flour as a fat mimetic in biscuits

Materials and Methods
Raw materials

Commercial wheat flour (WF) made from wheat
Triticum aestivum sp. vulgare (hexaploid) was received
from Graib Sons Private Limited, Karachi. Icing sugar,
BG, whole fresh egg, and salt were purchased from the
local market of Karachi. Semi-solid fat (partially unsat-
urated) was purchased from Paracha Mills Ghee Textile
Unit, Karachi. Glucose, sodium bicarbonate, and soy
lecithin were obtained from Sulop Chemicals located in
Karachi. All chemicals used for the study were of analyt-
ical reagent grade procured from Dae-Jung Chemicals,
South Korea and Sigma-Aldrich, Germany.

Preparation of BGF

The BGs were thoroughly washed in distilled water,
peeled, and then deseeded. BG was manually cut into
thin slices of thickness 0.002 cm and dried in a hot air
oven (DSO-300 D, digisystem laboratory instruments,
Taiwan) at 60°C for 8 h. Dried BG flakes were milled by
a laboratory miller (3100, Perten Instruments) and then
passed through a sieve of 60 um. The fine bottle gourd
flour (BGF) was stored in airtight glass bottles at 4°C.
Varying concentrations of BGF [10, 15, 20, 25, and 50%
(w/w)] were added to wheat flour as a fat mimetic to have
sample flours of varying wheat to BGF ratios, represented
as BGF-WE

Proximate composition

Proximate profiles of BGF-WF blends were analyzed
according to the method of Ali et al. (2018). Moisture
was determined by moisture analyzer (Brabender 51-55,
CW Brabender, Duisbury, NJ, USA). Protein and ash con-
tents were estimated by Brabender Kernelyzer (Brains
Instruments, Germany). Fat content was estimated by
AACC Method 30-25 (AACC, 1999). Carbohydrate con-
tent was calculated by subtracting the contents of pro-
tein, fat, ash, and moisture from 100. Wet gluten (WG),
dry gluten (DG), gluten index (GI), and total gluten con-
tents (TGC) were estimated by Glutomatic (2200, Perten
Instruments). Each sample was tested in triplicates for
proximate analysis.

Dough rheological properties

The effect of the incorporation of BGF in wheat flour
in various concentrations on rheological properties
was studied by using Farinograph (mixer bowl 300g,
Brabender OHG, Duisburg, Germany) by the AACC
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Method 54-21(AACC, 2000). The parameters measured
include water absorption (WA), dough development time
(DDT), the degree of softening (DoS), dough stability
time (DST), and farinograph quality number (FQN).

Pasting properties of flour

The pasting properties were studied by Microvisco-
amylo-graph (Brabender, Duisburg, Germany) according
to the AACC Method 22-10 (AACC, 2000). The param-
eters measured for each sample included the average
values for peak viscosity (PV), final viscosity (FV), and
breakdown and setback viscosities.

Functional properties

Water absorption capacity (WAC) and oil absorption
capacity (OAC) of flour samples were determined by
the method of Saeed et al. (2020a). Briefly, the WAC was
determined by taking 1 g of the flour sample in a 20 mL
centrifuge, and 10 mL of distilled water was added to it;
the mixture was vortexed for 2 min. The tube was cen-
trifuged at 2200xg for about 20 min and the supernatant
was decanted while the residual pellets were weighed
and analyzed for WAC. The same procedure was used to
determine OAC using 10 mL soya bean oil.

Micromorphology of biscuits dough

The microstructure of biscuit dough was evaluated using
Scanning Electron Microscope (JOEL, Analysis system,
Model # JSM-6380, Japan), as described by Ali et al.
(2018). Briefly, the samples were first frozen at —-20°C,
then transferred into a freeze dryer (Laboratory Freeze
Dryer VaCo 2, Germany), which operated at -50°C and
0.1m Pa. Freeze-dried dough samples were cut transver-
sally into slices with a sharp blade without damaging the
structure. Samples were mounted on the sample holder
and sputter-coated with gold (2 min, 2 mbar). Scanning

electron microscopic (SEM) studies were carried out on
an applied voltage of 15 KV at 500" magnification.

Biscuit preparation

Formulations of biscuits samples are presented in Table 1.
Control and BGF-WF biscuits were prepared by incorpo-
rating different levels of fat. For the preparation of bis-
cuit samples, fat was replaced from the recipe by BGF at
concentrations of 10, 15, 20, 25, and 50%. The standard
biscuits recipe was followed, which consists of flour 100 g
(VMF and wheat flour mixed according to different ratios
of fat replacement), sugar 40 g, fat 40 g, salt 0.5 g, egg
13.4 g, glucose 0.5 g, sodium bicarbonatel g, soya lecithin
0.25 g, and water 20+5 mL. Biscuit samples were pre-
pared, as reported by Ali et al. (2018). Briefly describing,
the dough was sheeted at a fixed thickness of 7.2 mm and
was cut into circular shapes using a biscuit cutter having
a fixed diameter of 36.3 mm. Biscuits were baked at 180°C
for 15 min in an oven. About 25 biscuits were baked per
batch, and each batch was prepared in triplicates.

Antioxidant activity and phytochemicals

Antioxidant activity of BGF-WF blends, BGF-WF bis-
cuits, and control biscuits was determined by free radical
scavenging activity and ferric reducing power. Extracts
of BGE-WF blends, control, and BGF-WF biscuit sam-
ples were prepared by the method of Saeed et al. (2021).
The blends of BGF-WF and biscuit powder (control and
BGF-WF) were added to methanol at a concentration of
60 mg/mL, 125 mg/mL, 185 mg/mL and 250 mg/mL, and
the mixtures were analyzed.

2,2-diphenyl-1-picrylhydrazyl-DPPH radical

scavenging activity

The technique mentioned by Saeed et al. (2020c) with
slight modification was utilized for determining the

Table 1. Composition of biscuits prepared from bottle gourd flour (BGF).

S.No. Ingredients (g) Control BGF (10%) BGF (15%) BGF (20%) BGF (25%) BGF (50%)
1 Flour 100 100 100 100 100 100
2 Fat 40 36 34 32 30 20
3 Icing Sugar 40 40 40 40 40 40
4 Egg 13.4 13.4 13.4 13.4 13.4 13.4
5 Soya Lecithin 0.25 0.25 0.25 0.25 0.25 0.25
6 Baking Powder 1 1 1 1 1 1
7 Salt 0.5 0.5 0.5 0.5 0.5 0.5
8 Glucose 0.5 0.5 0.5 0.5 0.5 0.5
9 Water 2045 2045 2045 2015 2015 2015
10 BGF - 4 6 8 10 20
52 ltalian Journal of Food Science, 2022; 34 (2)



antioxidant activity of extracts of BGF-WF blends, con-
trol, and BGF biscuits. 2, 2-diphenyl-1-picrylhydrazyl
(DPPH) solution was prepared by dissolving 33.9 mg of
DPPH in 100 mL of methanol. One milliliter of each of
the prepared samples (having concentrations of 60 mg/
mL, 125 mg/mL, 185 mg/mL, and 250 mg/mL) was
mixed with 1 mL of DPPH solution in a test tube and was
placed in the dark for about 30 min. Absorbance (Abs)
values were estimated at the wavelength of 517 nm using
a spectrophotometer (Perkin Elmer, Lambda 25, and
UV-Vis Spectrophotometer). The percentage scavenging
activity was determined as follows.

Abs of control — Abs of sample
Abs of control

Scavenging activity % = x100

eV

Ferric/Ferricyanide (Fe*) reducing antioxidant power
Ferric/Ferricyanide reducing antioxidant power (FRAP)
values of the samples were analyzed according to the
method of Gawlik-Dziki et al. (2014) with slight mod-
ification adapted by Saeed et al. (2021). Perl’s Prussian
color was measured at an absorbance of 700 nm, where
the increase in Abs is an indication of increased antiox-
idant activity.

Total phenolic content

Total phenolic content (TPC) of samples were deter-
mined by using Folin—Ciocalteu reagent, as described
by Salar and Purewal (2017). The Abs of the extracts
was recorded at 765 nm against a blank, and the results
were expressed as milligram Gallic acid equivalent/100 g
(mg GAE/100g) of the extract on dry weight (dw) basis
obtained from the standard calibration curve.

Total flavonoid content

TFC of BGF-WF and biscuit samples were determined
by the method of Gbenga et al. (2018). The Abs of the
extracts was measured at 510 nm using Catechin as stan-
dard, and results were expressed as milligram Catechin
Equivalent (mg CAE)/100 g of the extract on dry dw
basis.

In vitro alpha-amylase inhibition in BGF biscuits

Alpha-amylase inhibition test by Elshibani et al. (2020)
based on the starch—iodine technique was used to deter-
mine the In-Vitro enzyme inhibition in BGF biscuits.
Abs was estimated at a wavelength of 630 nm .The alpha-
amylase inhibitory activity was determined as follows:

Inhibition of alpha — Amylase (%) =

Abs sample — Abs control 2)

x100

Abs sample

Bottle gourd flour as a fat mimetic in biscuits

where Abs control is the Abs of all reagents except the
test sample, and Abs sample is the absorbance of the test
sample. All the experiments were carried out in triplicates.

Anti-hyperglycemic of BGF biscuits In-vivo

The anti-hyperglycemic activity of biscuits was deter-
mined in human subjects using the oral glucose tolerance
test (OGTT) according to the method of Fombang and
Saa (2016). Incremental area under the blood glucose
response curve (IUAC) was calculated according to the
method recommended by the Food and Agricultural
Organization (1998).

Glycemic Index value was calculated as follows:

TIUAC for the test food

x100
IUAC for the standard food

Glycemicindex (GI)=
®3)

Evaluation of changes in biscuits during storage

BGF biscuits and control biscuits were stored at room
temperature (27 + 2) in an air tight container at relative
humidity of 67%. After every 15 days, shelf life study was
performed for 2 months. And, biscuits samples were ana-
lyzed for free fatty acid value (FFA), peroxide value (PV),
antioxidant activities, total phenolic content (TPC), total
flavonoid content (TFC), and water activity (a,)

Determination of free fatty acid (FFA) and Peroxide value (PV)
The FFA content of biscuit samples were analyzed by
AOAC Method Cc 5a-40 (AOAC, 2001). The FFA con-
tent was calculated as the percentage of oleic acid accord-
ing to the following equation:

mlNaOH x NaOH normality x 28.2
Weight of sample (g)

FFA as %Oleicacid =

(4)

PV of biscuit samples was analyzed by the AOAC Method
Cd 8-53, (AOAC, 2001)

Evaluating the effect of storage changes on antioxidants,
alpha amylase inhibition, and phytochemicals

The impact of storage conditions on the antioxidant
activity was determined by FRAP and DPPH tests, while
alpha amylase inhibition, TPC, and TFC were determined
as described earlier in the above sections (2.9 and 2.10).

Water activity to evaluate the possibility of microbial growth
Water activity (a ) of biscuits samples was determined
in two duplicates of each formulation, using a Decagon
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Aqua Lab meter (Pullman, WA, USA) at room tempera-
ture (25 + 2°C), calibrated with a saturated potassium
acetate solution (a, = 0.22) (Saeed et al., 2020a). Sufficient
amount of sample was taken in the sample holder, and
precaution was taken so that the sample does not touch
the sensor.

Evaluation of biscuits quality

Color analysis

Color was measured according to the method of Saeed
et al. (2020b) by using NH3 Colorimeter (China). Color
values L*, a*, and b* were recorded, each value being the
average of four measurements at different points of the
biscuits. L* value represents the lightness variable from
100 for perfect white to zero for black, while as a* and
b* values are the chromaticity values that indicate (+)
redness/(-) greenness and (+) yellowness/(-) blueness,
respectively.

Textural analysis

Biscuits sample were studied for the effect of fat mimetic
on its breaking strength (hardness) and fracturability
using texture analyzer (UTM, Zwick/Roell, Germany) as
per the method described by Kuchtova et al. (2018) uti-
lizing three points bend rig technique (Load cell: 5 kg,
pre-test speed: 1.0 mm/s, test speed: 5.0 mm/s, post-test
speed: 10.0 mm/s, distance: 10 mm, trigger force: 50 g).

Dimensional analysis

The diameter or the width of biscuits was measured
with the help of a venire caliper (twice by rotating the
biscuit at 90°C). The thickness of biscuits was measured
by stacking three biscuits on top of one another and the
total height was divided by three to get the average value.
The spread ratio of biscuits was calculated from the frac-
tion of diameter and thickness (Kohajdova et al., 2014).

Nutritional analysis

Nutritional analysis of samples included the analysis of
protein, fat, carbohydrate, ash, moisture, crude fiber, and
kilocalories. Protein and ash contents were determined
by the Kjeldahl apparatus (Thermo Fisher Scientific) and
Muffle furnace (Thermo Fisher Scientific), respectively,
according to AACC Methods 08-01 and 46-10, respec-
tively (AACC, 2000). Fat content and crude fiber were
determined by the Soxhlet apparatus (Thermo Fisher
Scientific) and Fiber digester (Marconi, MA-444, Brazil),
respectively, by using AACC Methods 30-25 and 32-10,
respectively (AACC, 2000). Moisture content was deter-
mined by moisture analyzer (Brabender 51-55, CW
Brabender, Duisbury, NJ, USA). The total carbohydrate
was determined by difference: Carbohydrate = 100 -
(% moisture + % protein + % fat + % ash + % crude fiber).
Calories were measured by applying the Atwater general

factor system: carbohydrate (4 Kcal/g), lipid (9 Kcal/g),
and protein (4 Kcal/g).

Sensory evaluation

Sensory examination was carried out in the baking
laboratory following the method of Ali et al. (2018).
Biscuit samples were evaluated by 40 trained panel-
ists, male and female (age 24—45), comprising mainly of
students and staff members of the Department of Food
Science and Technology, University of Karachi (Karachi,
Pakistan). The panelists were trained by utilizing the
sensory profiles method (Lawless and Heymann, 2010)
with the commercial biscuits and prototypes prepared
in the baking laboratory. By means of this training, a
specific terminology for the sensory characteristics and
ranges for each attribute was agreed upon. The trained
sensory panel passed the basic taste test, the odor test,
and the color vision test, and their evaluation capacity
were routinely verified by way of individual control cards.
Panelists used 9 points hedonic scale (1 = extremely dis-
like to 9 = extremely like) for analyzing the desirability of
biscuit samples for taste, color, appearance, texture, and
overall acceptability

Statistical analysis

All the analyses were performed in triplicate and the
average value was calculated. The results were expressed
as mean + standard deviation. The data were analyzed
by analysis of variance (ANOVA) using SPSS (Version
17.0. Inc, Chicago, USA) statistical program. Duncan’s
multiple range test (DMRT) was applied to identify
any significant differences among the treatments at P <
0.05. Furthermore, DMRT involves the computation of
numerical boundaries that allow for the classification of
the difference between any two treatment means as sig-
nificant or nonsignificant. This requires calculation of a
series of values each corresponding to a specific set of
pair comparisons.

Results and Discussion
Proximate composition

Table 2 illustrates proximate compositions of BGF-WF
blends. The moisture content of the refined wheat flour
(14.1%) was slightly higher compared to the BGF-WF
blends which ranged from 11.9 to 12.9%, and the decrease
in moisture was due to less moisture content of raw BGF
(8.01%) (Table 12). The increased ash content (0.93 to
2.02%) was due to the presence of a high amount of min-
erals in BGF than in the wheat flour. Similar results were
reported by Saeed et al. (2020b) when black gram flour
was incorporated in wheat flour as fat replacer. Since
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Table 2. Effect of bottle gourd flour (BGF) addition on proximate and chemical properties of wheat flour.

Samples Moisture content % Ash % Protein % Gluten

Dry gluten Wet gluten Gluten index
Wheat flour 14.10 £ 0.13° 0.43 £0.012 9.81+0.102 9.20 £ 0.2 25.83 £ 0.26° 95.00 + 1.2¢
BGF 10% 11.91+0.112 0.93 £ 0.03 13.82£0.15° 9.00 £ 0.18¢ 24.00 +0.22¢ 92.00 £ 1.42'
BGF 15% 1210 £ 0.12° 0.98 + 0.05 14.10 £ 0.18 8.80 £ 0.16° 24.20 £ 0.25¢ 88.00 £ 1.21°
BGF 20% 12.21+0.10° 1.05 £ 0.08° 14.42 £ 0.19° 8.40 £ 0.15% 23.60 £ 0.21° 86.00 £ 1.08°
BGF 25% 12.50 £ 0.13% 1.09  0.09° 14.91 £ 0.19¢ 8.30£0.13° 18.70 £ 0.19° 84.00 + 1.06°
BGF 50% 12.90 £ 0.124 2.02 £ 0.09¢ 18.52 + 0.21¢ 7.70+£0.112 11.30 £ 0.142 78.00 £ 1.032

Values expressed are the mean + standard deviation (n = 3). Means in the column with different superscripts are significantly (P < 0.05) different.

protein in BGF has remarkable water holding property,
the percentage moisture, WAC (%), and farinograph WA
increased correspondingly (Table 3—4); the same results
were observed by Saeed et al. (2020b). The wheat flour
contained less protein content (9.8%) than the BGF as
increasing the amount of BGF in wheat flour significantly
increased (P < 0.05) the protein content (13.8 to 18.5%).
Gluten content (dry and wet) and gluten index also
decreased as the level of incorporation of BGF increased
in wheat flour, which might be due to dilution of gluten
network which was also confirmed by micrograph scan-
ning images (Figure 1). All these findings were in agree-
ment with the study conducted by Saeed et al. (2020b).

Functional properties

Water absorption and oil absorption capacities

WAC and OAC are the critical functional properties of
the food ingredients because they determine the texture,
mouthfeel, and yield of the product (Ram and Singh,
2004). Table 2 represents the WACs of BGF-WF blends.
The WAC ranged from 146 to 162%. The highest WAC
was observed for BGF 50% (162%) followed by BGF 25%
(155.43%) and lowest for BGF 10% (146%). The study
revealed that more the amount of BGF incorporated,
the more was the resultant WAC. In previous research,
purple rice flour incorporated in wheat flour also showed
similar behavior (Klunklin and Savage, 2018). Hence,
result suggested that the addition of BGF to wheat flour
affected the amount of water absorption, as BGF com-
petes with wheat flour for water absorption, which may
be due to the difference in chemical composition and
structure of the BGF. Probably, carbohydrate structure
and the polarity of amino acids are responsible for the
WAC (Saeed et al., 2021).

The OAC ranged from 100.2 to 137.3% in BGF-WF
blends. OAC of the raw BGF was determined as 100%,
whereas wheat flour showed maximum OAC, i.e,
153.03%. The data reported in Table 2 proved that OAC

Table 3. Functional properties of wheat flour and different ratios
of bottle gourd flour (BGF) incorporated in wheat flour.

Samples WAC% 0AC%

Wheat flour 145.61 + 2.082 153.03 £ 2.05¢
BGF 500.16 £ 3.529 100.21 + 1.12
BGF 10% 150.26 £ 2.11° 152.36 + 2.25'
BGF 15% 157.42 + 2.15° 150.22 + 2.1e
BGF 20% 164.26 + 2.05¢ 148.36 + 1.05¢
BGF 25% 170.26 + 2.11¢ 146.81 £ 1.17°
BGF 50% 199.32 £ 257" 137.34 £ 1.11°

Values expressed are the mean + standard deviation (n = 3). Means
in the column with different superscripts are significantly (P < 0.05)
different. WAC, water absorption capacity; OAC, oil absorption
capacity.

of BGF decreased with the increase in their concentra-
tion in wheat flour. Similar findings were reported by
Klunklin and Savage (2018). Generally protein contains
both hydrophobic and hydrophilic groups which are
responsible for oil and water absorption (Saeed et al.,
2021), which is also proved by our results as the amount
of BGF increased in wheat flour, degree of nonpolarity,
and hydrophobicity decreased so did the OAC. Hence,
BGF contains more water interactive proteins.

Dough rheological properties

Table 4 presents the dough mixing properties of BGF-WF
blends. A continuous increase in WA (63.6 to 72.4%) and
stability time was observed with increased amount of
BG. Increased WA was probably due to the presence of
dietary fiber in BGF. Similar findings of WA and stabil-
ity were reported by Ahmadet al. (2015) when different
ratios of green tea powder were incorporated in wheat
flour. DDT and DoS also increased with the inclusion of
BGF in wheat flour. The increase in DDT is due to the rise
in WA of the dough. In general, high WA means excellent
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baking performance. On the other hand, wheat flour
showed lower DDT, lower DoS, and higher DST (except
BGF10%) than the BGF-WF blends. Inconsistency in the
mixing properties of flour samples was attributed to an
increase in fiber and protein content with the increased
level of BGF (Bae et al., 2014). Another reason could be
the increased FQN, which gave a hardening effect to flour
and strength to the dough and ultimately caused delay in
DDT, DS, and DoS (Ali et al., 2018).

Generally molecules of fat gives strength and elasticity
to the dough matrix (Ali et al., 2018). However, similar
functions were performed by the protein moles of BGF in
the absence of fat molecules.

Pasting properties of flour samples

The results of the pasting properties of wheat flour
and BGF-WF blends are shown in Table 5. An increase
in starch gelatinization was found with an increased
amount of BGF in the wheat flour. It was due to the quick
rupture of starch granules leading to lower pasting tem-
peratures and higher paste consistency (Kuchtova et al.,
2018). Similar findings were reported when grape skin
was added in the wheat flour (Kuchtova et al., 2018). The

highest peak viscosity was observed for BGF 10% and
lowest for BGF 50% because of increment in nonstarch
content (i.e., protein) upon addition of higher amount
of BGF in wheat flour. The less breakdown viscosity
was estimated for wheat flour which was related to the
limited swelling of the starch granules. However, break-
down viscosity significantly (P < 0.05) increased when the
level of BGF increased in wheat flour. The final viscos-
ity decreased with an increased amount of BGF which
resulted in less potential for the formation of viscous
paste (Kuchtova et al, 2018). In addition, trough and
set back viscosities decreased significantly (P < 0.05) as
the concentration of BGF increased in wheat flour. The
decrease in trough and set back viscosities reflected the
less retrogradation tendency and hence contributed to
less staling rate of the biscuits (Saeed et al., 2020b).

The microstructure of biscuits dough

The micrograph of the control biscuits dough showed
(Figure 1A) a thin sheet representing protein matrix
along with small and large starch granules embedded in
it. SEM image of dough with BGF 10% (Figure 1B) was
very similar to control biscuit dough; however, with the
gradual increase in the concentration of BGF in dough

Table 4. Farinograph properties of wheat flour and different ratios of bottle gourd flour (BGF) incorporated.

Samples WA (%) DDT (min) DST (min) Do (ICC) FQN

Wheat flour 58.70 +0.2° 167 £0.01° 8.58 +0.18¢ 35.12 +0.90° 88.21+1.12°
BGF 10% 63.61 £ 0.20° 2.21£0.04° 1.71£0.18° 78.11 £ 1.11° 136.31 + 1.52'
BGF 15% 64.52 +0.33° 5.20 + 0.08° 5.10 £ 0.152 129.10 £ 0.81° 65.01 £ 1.10°
BGF 20% 64.90 £ 0.51° 5.71 +0.03 5.01+0.112 143.09 £ 1.72¢ 6272+ 1.112
BGF 25% 65.83 + 0.58° 5.82+0.01° 6.0140.13° 153.32 + 4.50° 72.01+1.12°
BGF 50% 72.43+0.81° 5.80 £ 0.01° 8.22£0.16° 168.11 +3.21' 86.41 +1.149

Means with different letters in superscript within a column differ significantly, calculated by the Duncan method (P < 0.05). Each value was expressed
as mean £ SD (n = 3). WA; water absorption, DDT; dough development time, DST; dough stability time, FQN; farinograph quality number.

Table 5. Microvisco-Amylo-Graph properties of wheat flour and different ratios of bottle gourd flour (BGF) incorporated.Means with different
letters in superscript within a column differ significantly and are calculated by Duncan method (P < 0.05), each value is expressed as mean *

SD (n=3).

Samples Gelatinization Peak Trough Final viscosity Breakdown Setback Pasting
(Torque) viscosity (Torque) (Torque) (Torque) viscosity temperature
(Torque) (Torque) (°C)

Wheat flour ~ 24.01£0.112 1037.04 + 102 717.08 £ 4.112 154232 + 18117  378.18+4.112  479.21+6.11°  57.91+0.23°
BGF 10% 29.21+0.32¢ 125310+ 149 1165.11£11.01°  1367.11+16.21°  456.14 £8.30°  471.21+742" 76.01+0.3¢
BGF 15% 30.01 £ 0.40° 1222.01+15°  1116.15£12.13¢ 129912+ 16.13¢  466.13+7.50° 493.41+532° 81.13+0.34°
BGF 20% 32.12 + 0.601 122113 £18" 111218 +13.10°  1240.21+£13.01°  485.13+7.20° 481.71+510° 81.13+0.15°
BGF 25% 33.31+0.21° 1217.30 £12°  1099.11 £ 14.100 112091+ 12.61>  551.15+6.42°  457.14+323°  72.04+0.17°
BGF 50% 36.10 £ 0.36° 121511+£12°  1096.10 £ 10.00°  1131.12+11.212  613.19t5.11° 448.09+2.217  68.03+0.21°
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Figure 1.

Bottle gourd flour as a fat mimetic in biscuits

Scanning electron micrograph of biscuits dough (magnification, 500x): (A) control, (B) 10% bottle gourd flour,

(C) 15% bottle gourd flour, (D) 20% bottle gourd flour, (E) 25% bottle gourd flour, and (F) 50% bottle gourd flour.

(Figure 1C), the BGF proteins were concentrated, and
more and more large and small wheat starch granules
were seen trapped in protein fibrils of BGF (Figure 1D
and E). Similar observations were also depicted by
Dachana et al. (2010) in their study on moringa leave
powder which was used for the manufacturing of biscuits
dough. Higher amount of fat substitution (Figure 1F) by
higher level of fiber in BGF resulted in disrupted glu-
ten matrix. Similarly, a reduction in gluten matrix was
observed by Indrani et al. (2010) upon addition of 20%
multi-grains. The literature revealed that even though
microstructural properties of fat mimetics are quite dif-
ferent from fat when they are used to replace fat in food
products, the end products show comparable qualities to
the standard that is in agreement with our observations
(Patel et al., 2020).

Free radical scavenging activity

The IC, value of flour blends and biscuits samples are
given in Tables 6 and 7, respectively. As predicted, the
control biscuits demonstrated the lowest antioxidant
activity and the IC_, value of BGF-WF biscuits reduced
with the increment in the quantity of the BGF in biscuit
samples. The increase in antioxidant activity of BGF-WF

biscuits was probably due to the presence of bioactive
compounds with hydrogen-donating ability such as vita-
mins, flavonoids, and phenols (Wojtunik-Kulesza et al.,
2020). Results showed that storage time had no impact
on antioxidant activity till the second week; however, it
became obvious after the fourth week. Caleja et al. (2017)
reported similar findings when fennel and chamomile
extracts were used in biscuit samples; however, storage
time did not influence antioxidant activity until the eighth
week of storage. The development of antioxidative mela-
noidin pigments during baking further improved the free
radical scavenging capacity (Sharma and Gujral, 2014).
Similar observations were reported by Mabogo et al.
(2021) when varying concentrations of unripe banana
flour was incorporated in wheat-based biscuit samples.

Ferric/Ferricyanide (Fe®*) reducing antioxidant power

The results of reducing the power of BGF-WF blends and
biscuit samples are shown in Tables 6 and 7, respectively.
FRAP value of biscuit samples increased with the incor-
poration of BGFE. BGF-WF biscuits showed maximum
reducing capacity, on the other hand, control biscuit sam-
ples demonstrated the highest IC_ value, hence the low-
est reducing ability, which further became undetectable
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Table 6. Antioxidant activity (DOPPH and Ferric-reducing antioxidant power) and bioactive compounds (Total phenol content (TPC) and Total
flavonoid content (TFC) of different levels of Bottle gourd flour (BGF)) incorporated in wheat flour.

Antioxidant activity Bioactive compounds

Samples DPPH (IC,) FRAP (IC, ) TPC (mg GAE/100 g DW) TFC (mg CE/100 g DW)
Wheat flour 488.12 £ 3.15° 327.21 + 4.52f 16.73 £ 0.112 31.16 £1.012
BGF 10% 301.40 £ 1.29¢ 127.35 £ 0.51¢ 334.64 +1.18° 174.82 £ 2.81°
BGF 15% 245.62 + 1.21¢ 121.34 £ 0.21¢ 437.81+2.31° 385.30 £ 2.14¢
BGF 20% 221.04 £ 1.01° 89.32 + 0.45° 506.69 + 3.42¢ 456.83 + 4.45
BGF 25% 200.60 + 0.92° 78.81£0.13° 543.37 £ 3.55¢ 484.67 £ 4.61°
BGF 50% 187.21 £ 0.43° 57.62 + 0.102 667.16 + 3.81f 583.65 + 4.72f

Means with different letters in the column differ significantly. They were calculated by the Duncan method (P < 0.05). Each value was expressed as

mean + standard deviation (n = 3), Nd, not detected.

Where, GAE, gallic acid equivalent. CE, catechin equivalent. dw, dry weight of the sample. Nd, not detected.

Table 7. DPPH radical scavenging activity, Ferric/Ferricyanide (Fe**) reducing antioxidant power (FRAP), and Alpha amylase inhibition about
storage period at different levels of Bottle gourd flour (BGF) incorporated in biscuit samples.

Samples Initial Second week Fourth week Sixth week Eighth week
DPPH-Scavenging activity- IC,, (mg/mL)

Control 500.02 + 3.15° Nd Nd Nd Nd

BGF 10% 151.63 £ 1.29! 152.12 £ 1.37k 166.44 + 1.55' 183.82 £ 1.82° 185.02 + 1.87°
BGF 15% 139.91 £1.21! 140.03 £ 1.23 154.24 +1.28% 178.87 £ 1.33™ 180.51 £ 1.41™
BGF 20% 93.95£1.01° 93.98 £1.09° 131.69 £1.17% 167.87 £ 1.36' 168.39 £ 1.21'
BGF 25% 88.14 £ 0.92° 88.94 +1.11° 122.75 +1.16 133.89 + 1.25%" 134.89 + 1.28"
BGF 50% 68.36 £ 0.43° 69.00 £ 0.812 96.56 + 0.94¢ 105.57 £ 1.11¢ 108.55 £ 1.12¢
FRAP- IC,, (mg/mL)

Control 350.14 + 4.52° Nd Nd Nd Nd

BGF 10% 52.44 £ 0.4 53.14 + 0.42" 56.60 + 0.44' 59.74 £ 0.48™ 60.82 £ 0.52™
BGF 15% 50.88 £ 0.3" 52.88 £ 0.33" 55.24 + 0.36" 57.45+0.37' 58.71 £ 0.44
BGF 20% 42.53 £ 0.15° 4324 £0.17¢ 54.06 £ 0.25 55.40 + 0.28* 57.61+0.31¢
BGF 25% 33.87 £0.13¢ 35.30 £ 0.1¢ 45.08 + 0.14f 49.80+0.179 50.13 £ 0.249
BGF 50% 12.69 £ 0.122 13.11£0.112 22.51+0.12° 28.89 £ 0.14° 29.14 £ 0.15°
Alpha amylase inhibition -IC,, (mg/mL)

Control Nd Nd Nd Nd Nd

BGF 10% 105.78 £ 4.04! 109.88 + 4.21 121.56 + 4.32! 128.59 £ 4.41™ 132.02 £ 4.60
BGF 15% 96.50 £ 2.129 100.67 + 3.119" 119.51 + 3.20¢ 124.38 £ 3.28™ 128.51 £ 3.35™
BGF 20% 62.42 £ 1.46° 68.06 £ 1.52° 92.22 +1.73 112.80 £ 3.00! 120.62 £ 3.23
BGF 25% 50.04° £ 1.572 54.94° + 1.40° 89.15 + 1.56° 90.79 £ 2.12f 100.50 £ 3.17"
BGF 50% 47.94 £1.112 50.41 £1.702 80.81 £ 2.04¢ 89.62 £ 2.09° 93.02 + 3.15%

Means with different letters in the row differ significantly. They are calculated by Duncan method (P < 0.05).

Each value expressed as mean £ SD (n = 3).
Nd, not detected.
Control represents biscuits without fat mimetic.

during storage. Results of storage stability also showed
a similar pattern as that of DPPH for BGF-WF biscuits,
there was no significant (P < 0.05) difference between the
IC,, value of initial and second week of storage, although
reducing power decreased from the fourth week of

storage and further decreased to sixth week. However,
there was no significant (P < 0.05) difference in IC, val-
ues between sixth to eighth weeks of storage. Similar
findings were reported by Caleja et al. (2017) when fen-
nel and chamomile extracts were used in biscuit samples.
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Like the DPPH test, baking further improves the FRAP
as lower IC, values were witnessed in biscuits (Table 7)
when compared to flour samples (Table 6). An increase
in reducing power upon baking has been reported by
Mabogo et al. (2021) for biscuits prepared by incorpora-
tion of unripe banana flour in wheat flour.

Total phenolic content

Table 8 represents the TPC of BGF-WF biscuit sam-
ples during storage. Biscuits prepared with BGF 50%
showed the highest TPC throughout the storage period
of 8 weeks followed by BGF 25% and BGF 20%. It was
observed that there is no significant (P < 0.05) differ-
ence between the first day and second week of storage.
Although TPC reduced from the fourth week of storage,
all BGF-WF biscuit samples have higher TPC as com-
pared to control biscuit samples which exhibited the least
TPC (18.56 mg GAE/100g dw). Despite greater decrease
in TPC of BGF-WF biscuits during baking was found
compared to BGF-WF blends (Table 6), the TPC value
in BGE-WF biscuits was still higher than that of control
biscuits. Jan et al. (2015) also found a decrease in TPC of
buckwheat flour when heated to a temperature of 180°C.
The decrease in TPC was may be due to alteration in the
chemical structure of the phenolic compounds (Pintado
et al., 2021). In previous research, various natural sources
of phenolic compounds were added to bakery products
to increase the nutraceutical value (Pattnaik et al., 2021).

Bottle gourd flour as a fat mimetic in biscuits

Total flavonoid content

From Table 8, it can be observed that TFC in biscuit
samples increased with the level of addition of BGF.
Biscuits prepared with BGF 50% showed the highest TFC
throughout the storage period of 8 weeks, followed by
BGF 25% and BGF 20%. Natural flavonoid-containing
ingredients were also added in bakery products to
increase the bioactive compounds, as reported by many
researchers; for instance, a study reported that bis-
cuits prepared with water chestnut flour demonstrated
enhanced TFC (Shafi et al., 2016).

Inhibition of alpha-amylase activity In-vitro

The methanolic extract of BGF-WF biscuits samples
showed significant (P < 0.05) inhibitory activity against
alpha-amylase. From Table 7, it can be observed that IC_;
values decreased with increasing ratio of BGF. The fol-
low-up of storage changes in biscuits samples revealed
that there was no significant (P < 0.05) change in enzyme
inhibition up to 2 weeks of storage; however, IC_ of all
BGF biscuits gradually increased after the second week of
storage, and the inhibition activity was almost undetect-
able in control biscuits. Petrus et al. (2012) reported that
antioxidant compounds such as catechin, phenolics, fla-
vonoids, alkaloids, and triterpenoids possess anti-diabetic
activity. Epicatechin, a flavonoid is known to possess
insulin-like properties, while epigallocatechin gallate is

Table 8. Total phenol content (TPC) and total flavonoid content (TFC) concerning storage period at different levels of Bottle gourd flour

incorporated in biscuit samples.

Samples Initial Second week Fourth week Sixth week Eighth week
TPC-(mg GAE/100 g dw)

Control 27.430% £ 0.12 Nd Nd Nd Nd

BGF 10% 326.66'+2.18 323.337+1.31 255.5°+ 1.14 230.00° + 1.12 225.50° + 1.1
BGF 15% 383.33"+2.21 380.66" + 1.43 319.33° £ 1.25 280.00¢ + 1.21 278.00¢ + 1.08
BGF 20% 413.83 £ 3.12 410.88 + 1.97 391.66'+ 1.45 371.669 £ 1.32 368.509 £ 1.11
BGF 25% 525.00° £ 3.15 520.00° £ 2.48 469.33" £ 2.35 421.66% £ 3.00 418.50% £ 2.41
BGF 50% 638.339 ¢ 3.21 634.009  3.11 486.00° £ 3.07 460.00™ £ 3.17 454.16' £ 3.04
TFC-(mg CE/100 g dw)

Control 18.562 + 1.01 Nd Nd Nd Nd

BGF 10% 104.32¢ + 2.21 100.84¢ + 1.44 90.24° £+ 1.25 76.16° £ 1.23 74.24° £ 1.22
BGF 15% 121.60"+ 2.74 119.84' + 2.46 104.32¢ + 2.42 88.96°+ 1.14 87.049£1.12
BGF 20% 380.51'+ 3.45 376.66' + 3.21 338.83"+ 3.19 330.59+ 3.14 326.669 + 3.11
BGF 25% 451.66' £ 4.51 447.16' £ 4.43 397.18¢+3.32 371.66 + 3.32 366.00 + 3.25
BGF 50% 558.33" £ 4.82 552.00" £ 4.89 460.00™ £ 4.61 397.16% £ 3.41 394.00% £ 3.33

Means followed by different letters in the raw differs significantly (P < 0.05). Calculations were made using the Duncan method. Each value is
expressed as mean £ SD (n = 3), where GAE, gallic acid equivalent. CE, catechin equivalent. dw, dry weight of the sample. Nd, not detected.

*Control represents biscuits without fat replacement.
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considered to be an effective hypoglycemic agent (Sun
et al., 2020). Data reported in Table 8confirmed that
BGF-WF biscuits have a significant (P < 0.05) amount
of bioactive phenolics and flavonoids. Being inhibitors
of alpha-amylase activity, these antioxidant compounds
in the BGF biscuits could induce anti-diabetic potential in
the biscuits and hence are helpful in controlling diabetes.

Anti-hyperglycemic of BGF biscuits In-vivo

Table 9 shows the mean blood glucose responses after
the consumption of glucose and the test foods, that is,
biscuits prepared with BGF 15% (selected due to good
sensorial profile) and the control biscuits in healthy
human subjects. The IAUC for glucose was found to be
143 mmol/L, and for BGF 15% and control were 31.05
mmol/L and 59.25 mmol/L, respectively. GI of control
and BGF biscuits were 41.18 and 21.58, respectively.
Although both Control and BGF biscuits contained an
equal quantity of sugar, biscuits with BGF 15% signifi-
cantly (P < 0.05) resulted in a lower glycemic response at
the 120th minute of intake. Apart from phytochemicals,
BG is a blend of soluble and insoluble fiber; however,
impact on a glycemic level could be credited more for
the presence of soluble fiber (Luan and Hong, 2016). The
mechanism of action may be achieved through a reduc-
tion in both fasting blood glucose and insulin concentra-
tions. This occurs because of water-soluble gel-forming
fibers. These dietary fibers form a viscous solution in
the small intestine, which reduces the contact and mix-
ing of macronutrients with digestive enzymes, and this
delays the absorption of glucose, which consequently
reduces the postprandial plasma glucose and insulin lev-
els (Mcrae, 2018). Another reason for decrease in blood
glucose profile was credited to phenolics present in
BGF-WF biscuits samples as these phenolic compounds
are bioactive compounds with antioxidant potential, and
hypoglycemic, hypolipidemic, and anti-tumor proper-
ties (Fombang and Saa, 2016). A similar trend of blood
glucose modulation was observed in a study in which

moringa tea was ingested by healthy human subjects for
determination of glycemic response (Fombang and Saa,
2016). In previous research, various solvent extracts of
BG have also been shown to exhibit antihyperglycemic
activity in animal subjects, because of the presence of
secondary metabolites; for instance, phenolic and flavo-
noids (Luan and Hong, 2016).

Peroxide value of biscuit samples

Figure 2A shows that PV was less than three mEq
O,/kg of fat for all the BGF biscuit samples during stor-
age which is considered safe value according to Poilish
Standard, PN-A-86908:1966. Less PVs of the BGE-WF
biscuit samples were because of the two main reasons:
first, the presence of antioxidants that contributed by
controlling oxidation and hence peroxide formation.
Second, fat replacement, the greater the amount of fat
replaced by BGEF, lesser the amount of fat that remained
for the process of oxidation. In a previous study, addi-
tion of chokeberry polyphenols extract to butter cook-
ies resulted in a higher PV than the recommended value
after ninth week of storage (Bialek et al., 2016) which is
contradictory to our findings. However, PV range after 6
weeks of preparing the biscuits with the addition of grape
pomace extract was comparable to our findings (Zaky
et al., 2020). There was a gradual increase of PV in all the
BGF-WF biscuits samples during storage; on the other
hand, control biscuits had the highest PV of 5.53 at the
eight week of storage.

Free fatty acid in biscuit samples

Data reported in Tables 6, 7, and 8 demonstrated that
BGF-WF blends and BGF-WF biscuits possessed sig-
nificant (P < 0.05) antioxidant activity and hence were
helpful for the inhibition of oxidation of fats in biscuits.
During storage, increased FFA value was observed in all
the biscuit samples. The increase was remarkably greater

Table 9. Blood glucose responses (mmol/L), incremental area under the curve (IUAC), and glycemic index (GI) in normal healthy volunteers

following glucose, tested, and control biscuits.

Samples Time Intervals (min) IAUC Gl
0 30 60 90 120

Glucose 5.90 +0.13° 7.83 £0.24° 8.43 £ 0.25° 5.74 £ 0.12° 5.23+0.1° 143.00 -

BGF 15% 5.30+0.112 545+0.13° 5.80+0.16° 5.63 £0.142 5.19+0.12 31.05 21.58

Control* 5.96 +0.17° 6.75+0.22° 6.83 £ 0.25 6.25 £ 0.18° 5.91+0.14° 59.25 4118

Means with different letters in the column differ significantly. They are calculated by the Duncan method (P < 0.05). Each value expressed as mean +

SD (n = 15 healthy female volunteers).

BGF, bottle gourd flour. IAUC, incremental area under the curve. Gl, glycemic index.

*Control represents biscuits without fat mimetic.
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in control (1.1%) as compared to BGF-WF biscuit sam-
ples. From Figure 2B, it was clear that initially the FFA
was not detected in BGF-WF biscuit samples; however,
a gradual increase (up to 0.9 %) was observed during
storage indicating the capability of antioxidants present
in BGF in reducing the formation of FFA. Therefore, the
increment of FFA level in BGF biscuits was relatively
slow. Similar observations were reported when a flavo-
noid-rich extract from green tea was incorporated in bis-
cuit samples (Navaratne and Senaratne, 2014). Another
study in which pomegranate peel was added in different
ratios in biscuit samples was also in agreement with our
findings (Ismail et al., 2014). Hence, it can be concluded
that BGF was capable of controlling the formation of FFA
in biscuit samples when used as a fat mimetic.

Water activity to evaluate the possibility of microbial
growth

Table 10 shows that an increase in the storage period
increases the water activity of control and BGF-WF

z

al

N

Bottle gourd flour as a fat mimetic in biscuits

biscuits. The water requirement for the growth of micro-
organisms is expressed in terms of moisture available or
water activity ( Macedo et al., 2020). In this study, even at
10% BGEF, the water activity was found to be 0.58 at the
eighth week of storage which assured the safety of prod-
uct with respect to microbial profile (Morais et al., 2018).
Rodriguez et al. (2013) also reported a similar trend of
decreased water activity when fat was replaced by inulin
in biscuit samples. Lower water activity of BGF biscuits
might be due to higher water-binding capacity of BGF, as
less water evaporated during baking, and less free water
remained in the biscuits, thus contributing to longer shelf
life (Rodriguez et al., 2013). No significant (P < 0.05)
change was observed in water activity of control and BGF
biscuits from first day till the second week of storage.
Although water activity increased after the fourth week
of storage and this remained constant up to 8 weeks.
Morais et al. (2018) also reported a similar trend of water
activity in biscuit samples. The increased water activity
can be attributed to the increased moisture of biscuits
with respect to storage, but it remained limited under
the value of 0.6 for 2 months to inhibit microbial growth
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Figure 2.

(A) Peroxide value levels in control and Bottle gourd flour incorporated biscuits stored for 2 months. (B) Free fatty

acid (%) levels in control and bottle gourd flour incorporated biscuits stored for 2 months.
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Table 10. Water activity concerning storage period at different levels of bottle gourd flour (BGF) incorporated in biscuit samples.

Samples Initial Second week Fourth week Sixth week Eighth week
Control* 0.62 £ 0.02" 0.61+0.02" 0.70 £ 0.02 0.71+0.02 0.71+0.02
BGF 10% 0.55 +0.08° 0.55+0.01° 0.57 £ 0.04¢f 0.57 + 0.02¢f 0.58 + 0.01°
BGF15% 0.52 £ 0.01¢ 0.52 £ 0.03¢ 0.56 + 0.02¢f 0.56  0.01¢f 0.56  0.01¢f
BGF 20% 0.51 £ 0.02¢ 0.52 £ 0.02¢ 0.55 £ 0.05¢f 0.56 + 0.02¢f 0.57 £ 0.01¢f
BGF 25% 0.47 £ 0.05° 0.47 £ 0.08° 0.50 + 0.03¢ 0.51 £ 0.02¢ 0.51+0.01¢
BGF 50% 0.35 £ 0.012 0.34 £ 0.012 0.38 £ 0.07° 0.38 £0.07° 0.38 £ 0.01°

Means with different letters in the row differ significantly (P < 0.05). They are calculated by the Duncan method.

*Control represents biscuits without fat mimetic.

(Morais et al., 2018) and ensure product stability. On the
other hand, water activity of control biscuits increased
from 0.6 to 0.71 during 2 months of storage.

Physical properties of biscuit samples

Table 11 summarized the effects of the BGF as a fat
mimetic on the physical properties of biscuits such as
diameter, thickness, spread ratio, hardness, and fractur-
ability. A standard decrease was observed in the diameter
of fat mimetic biscuit samples, although biscuits prepared
with BGF 10% and BGF 15% showed a maximum increase
in diameter when compared with the control sample. In
addition to this, biscuits containing BGF 10%, BGF 15%,
and BGF 20% showed less thickness than control. BGF
significantly (P < 0.05) increased the spread ratio at the
level of 10 and 15%, which was more than the control.
Similarly, Kuchtova et al. (2018) and Mildner et al. (2013)
reported an increase in the spread ratio of biscuit samples
produced by incorporation of grape skin and white grape
pomace, respectively. An increased amount of dietary
fiber in BGF biscuits could be the reason for increased
thickness, reduced diameter, and decreased spread ratio
as a higher amount of fat was replaced with BGEF. It has
already been reported that the addition of dietary fiber
from various sources and substitutes has a negative effect

on the diameter, thickness, and spread ratio of biscuits/
cookies (Saka et al., 2020). Another reason for the vari-
ation in these physical parameters could be the dilution
of gluten network in biscuit dough (Kohajdova et al.,
2014). Hardness and fracturability are textural proper-
ties that attract significant attention in the evaluation of
baked goods; these parameters should be as low as pos-
sible (Saka et al., 2020). The increased amount of BGF
from 10 to 15% resulted in considerable less hardness
and fracturability; however, hardness increased when fat
was replaced beyond 20%. This is possibly related to the
high WAC of BGE, as it has been reported by Saeed et al.
(2021) that components that enhance the water absorp-
tion of dough results in the development of the complex
gluten network and ultimately hardens the texture of the
biscuit samples.

Color characteristics of biscuits

Color plays an essential role in determining the quality
of products in food processing industries and food engi-
neering research (Palamthodi et al., 2019). Results of
color measurements of biscuits made with different lev-
els of BGF are given in Table 12. It was found that the
lightness L* of the biscuits exhibited a decreasing trend
with an increasing level of BGFE. The reducing values of

Table 11.  Effect of bottle gourd flour (BGF) on physical properties (dimension and texture) of biscuits.

Sample Diameter (mm) Thickness (mm) Spread ratio (mm) Breaking force (N) Fracturability (mm)
Control* 42.67 + 0.56¢ 9.07 £ 0.524 4.71 +0.10¢ 22.90 +0.39¢ 210+0.12°
BGF 10% 42.74 £ 0.40° 8.06 £ 0.2 5.30 £ 0.14f 17.42 £ 0.22 0.87 £0.112
BGF 15% 42.84 +0.88 8.26 + 0.20° 5.18 £ 0.12¢ 20.87 £ 0.23° 0.90 £ 0.122
BGF 20% 41.74 £0.51° 8.68 £ 0.21° 4.67+0.13° 24.77 £ 0.30° 2.45+0.14°
BGF 25% 41.59 £ 0.42° 9.32 £ 0.24° 4.37 +0.10° 2742+ 0.41° 2.74+0.17¢
BGF 50% 40.78 + 0.332 10.68 + 1.02f 3.8110.10° 31.51 £ 0.441 2.81+0.19°

Values expressed are the mean + standard deviation (n = 3). Means in the column with different superscripts are significantly (P < 0.05)

different.
*Control represents biscuits without fat mimetic.
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Table 12. Effect of bottle gourd flour (BGF) on the color of biscuit
samples.

Samples L* ar b*

Control* 73.12+0.82' 6.13+0.012 4312 £ 0.21f
BGF 10% 70.41 £ 0.67¢ 6.91 £ 0.03° 38.1140.15°
BGF 15% 64.33 £ 0.34¢ 7.30 £ 0.02° 33.14£0.13¢
BGF 20% 58.29 £ 0.13° 7.81+0.01¢ 26.31£0.10°
BGF 25% 52.14 £ 0.11° 8.11£0.02¢ 18.35+ 0.10°
BGF 50% 46.21 £0.102 10.32 £ 0.05 8.2110.06°

Values expressed are the mean + standard deviation (n = 4).
Means in the column with different superscripts are significantly
(P < 0.05) different.

*Control represents biscuits without fat mimetic.

L* indicated that the biscuits were darker at higher lev-
els of BGF compared to the control sample. The effect
might be due to the presence of natural pigments or the
Maillard reaction products that were formed from amino
acids and reducing sugars during baking (Mildner et al.,
2013). Furthermore, it was shown that the higher levels
of BGF in biscuits increased redness (higher a* value)
and decreased yellowness (lower b* value). This may be
because BG contains a good amount of anthocyanin,
a red-blue natural pigment (Palamthodi et al, 2019).
Kuchtova et al. (2018) and Sharma and Gujral (2014)
reported a decrease in the color values of L*, an increase
in redness a*, and decreased yellowness b* when grape
seeds and buckwheat flour were incorporated in biscuits,
respectively, and it is in agreement with our findings.

Nutritional analysis of biscuits
The nutrient composition of BGF, control, and fat mimetic

biscuits are summarized in Table 13. BGF was found to
be an excellent source of crude fiber (26.30%), protein

Bottle gourd flour as a fat mimetic in biscuits

(20.21%), and minerals (ash content 4.23%). All the fat
mimetic biscuits showed higher protein, ash, and crude
fiber contents than the control. As expected, fat content
reduced with the level of addition of BGF than the con-
trol sample. As the concentration of BGF increased, the
moisture content of biscuit samples reduced. According
to Camelo-Méndez et al. (2018), moisture reduction
was due to the decrease in the gluten network with the
increase in the amount of BGF. The crude fiber, protein,
and ash content increased with the increased amount of
BGF in biscuit samples. The control sample showed a low
value of crude fiber (6.0%) while the biscuits containing
BGF 50% and BGF 25% possessed the highest crude fiber.
The carbohydrate content and energy (Kcal) values were
the highest in control (59.04% and 255.92 Kcal) and low-
est in biscuits with BGF 50% (43.25% and 219.68 Kcal).
Therefore, BGF biscuit samples showed less energy value
and the reason was fat substitution.

Sensory characteristics of biscuits

Figure 3 presents the sensory scores of the biscuit sam-
ples (50% replacement of fat in biscuits excluded from
the data reported because of the undesirable sensory pro-
file). Biscuits with BGF10% demonstrated similar results
as that of control sample in terms of taste, texture, color,
and overall acceptability. On the other hand, at the level
of BGF15%, score for color was higher than the control
biscuits, although appearance, taste, texture, and over-
all acceptability were not significantly (P < 0.05) differ-
ent from control biscuits. As the level of BGF increased
beyond 15%, taste which is one of the essential attributes,
declined due to unpleasant mouthfeel, bitterness, and the
texture also became harder. The bitterness was may be
due to the interaction between a high amount of pheno-
lic compounds in BGF and saliva present in the mouth
(Kuchtové et al., 2018) while the hard texture could be
due to the low amount of fat in the biscuit recipe as fat

Table 13. Nutritional analysis of bottle gourd flour (BGF), control, and fat mimetic biscuits.

Samples Moisture Ash % Protein % Fat % Dietary fiber % Carbohydrate % Kcal/100 g
content %
Control* 5.02+0.122 0.53£0.012 11.20 £ 0.10? 24.02 £ 0.209 0.21£0.267 64.04 + 0.80¢ 517
BGF 8.01+0.30¢ 4.23 £0.10f 20.21 + 0.50f 0.43£0.012 26.30 £ 0.42' 48.83 + 0.30° 280
BGF 10% 4.68 £ 0.14¢ 2.73£0.03° 13.70 £ 0.12° 20.21 £ 0.14f 13.80 + 0.20° 49.56 £ 0.42° 435
BGF 15% 4.68 £0.10° 2.77 £0.01° 13.90 + 0.11b° 19.11 £0.10° 13.60 £ 0.11° 50.62 + 0.57¢ 430
BGF 20% 4.65+0.11° 3.82+£0.02° 13.60 £ 0.15° 16.32 £ 0.21¢ 14.00 £ 0.21° 52.26 + 0.64f 410
BGF 25% 4.64 +0.12° 3.86 £ 0.06% 14.40 £ 0.20¢ 15.01 £ 0.10° 14.60 £ 0.13¢ 52.13 £ 0.60e 401
BGF 50% 4.65+0.13° 3.87 £ 0.09¢ 18.70 £ 0.22¢ 12.54 £ 0.11° 17.30 £ 0.17¢ 47.59 £ 0.542 378

Values expressed are the mean * standard deviation (n = 3). Means in the column with different superscripts are significantly (P < 0.05) different.
*Control represents biscuits without fat mimetic.
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Figure 3. Effect of fat replacement by bottle gourd flour (BGF) on the sensorial quality of biscuits. Control represents biscuits

without fat mimetic.

helps to lubricate and soften the structure of food and
contributes desirable textural properties (Hasmadi et al.,
2014). Moreover, in the study conducted by Serin and
Sayar (2017), maltodextrin and polydextrose were used as
a fat replacer in biscuits which also resulted in increased
hardness with the level of fat replacement.

Conclusion

The bakery industry is in constant innovation, and bis-
cuits are products that are consumed worldwide by dif-
ferent classes of consumers. Therefore, the production
of this type of product having nutraceutical effects may
be attractive for consumers who are concerned about
the choice of healthy foods. The result showed that the
addition of BGF as a fat mimetic in the proportion of 10
to 15% produced desirable biscuits, and the functional
properties of the wheat flour were not affected. BGF was
observed to be an excellent source of phenolic and flavo-
noids, which makes it a valuable source of antioxidants.
Incorporation of BGF raised the bioactive compounds
in biscuits’ enhanced antioxidant activity, and inhibited
alpha-amylase. Biscuits with 15% BGF showed excellent
physical properties and sensorial attributes. Therefore,
administration of this formulation of biscuits in healthy
volunteers for the determination of anti-hyperglycemic
activity revealed a lower blood glucose response curve
and glycemic index as compared to the control biscuits.
Moreover, further studies are needed to improve the
functional behavior and quality of biscuits.
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Abstract

Lipid composition in truffle is essential for nutraceutical and medicinal purposes. Currently, there is no data
regarding the lipid content in Moroccan truffles. Therefore, we determined the fatty acid and sterol composition
of six Moroccan truffles and desert truffles. The gas chromatography analysis revealed the predominance of fatty
palmitic, oleic and linoleic acids. The prominent sterol components were brassicasterol and ergosterol. Besides,
the sterol analysis discriminated between the Tuber and Terfezia truffles. These differences seem to be exploitable
at a taxonomic level. This is a preliminary report disclosing the fatty acid and sterol composition of Moroccan truf-
fles, indicating the potential use of lipids analysis, especially sterol analysis, as biomarker for truffles distinction.

Keywords: desert truffles, discrimination, fatty acid, gas chromatography, Moroccan truffle, sterol

Introduction

The truffles are edible ascocarp of hypogenous ascomyce-
tes fungi that grow underground (Khabar et al., 2001; Lee
et al., 2020). The term ‘desert truffles’ is used to describe
truftles growing particularly in arid and semi-arid areas
(Khabar et al., 2001; Morte et al., 2021), such as Morocco,
Algeria, Tunisia, Egypt, South Africa, Saudi Arabia, Irag,
Syria and Kuwait (Khabar, 2014; Lee et al., 2020). The genera
found abundantly in those areas are Terfezia and Tirmania.
Besides, other genera exist as well, namely Delastria and
Picoa (Khabar, 2014). In Mediterranean countries, especially
in North Africa, the truffles are harvested in abundance and
known as ‘“Terfass,; also called ‘Kame, ‘Kholassi, ‘Zoubaidi,
‘“Truffles of the deserts’ and “Truffles of the sands’ because of
their development in sandy soil (Khabar, 2014).

The determination of lipid composition in truffles is essen-
tial both for lipid analysis as well as for nutraceutical and
medicinal purposes. The truffles contain only 4-9% by
dry weight of total lipids (Tang et al., 2011). Fatty acids

and phytosterols are the main lipid compounds in truffle
fruiting bodies, which are well known for their potential
human benefits. Several studies through global chromato-
graphic analysis demonstrated that desert truffles are rich
in fatty acids, both saturated and unsaturated that have
many positive effects on health (Akyiiz, 2013; Al-Shabibi
et al., 1982; Bokhary et al., 1989; Dogan and Aydin, 2013;
Veeraraghavan et al., 2021). For example, in Terfezia boud-
ieri from Tunisia, Hamza et al. (2016) reported that essen-
tial fatty acids, like linoleic and oleic acids, account for
76% of the total fat content. Linoleic acid or omega-6 is
an essential fatty acid and one of the most aromatic com-
pounds in most truffle species (Lee et al., 2020), which has
protective and antioxidative effects beneficial for human
health (Sokota-Wysoczanska et al., 2018). While, oleic
acid, a bioactive compound, has the aptitude in reduc-
ing cholesterol levels (Lee et al., 2020). Another example
of Terfezia claveryi from Saudi Arabia, which is closely
related to T. boudieri (Dahham et al., 2018), was found to
have arachidic, myristic, palmitic, behenic, pentadecanoic,
stearic, heneicosanoic, nonadecanoic and margaric acids
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as saturated fatty acids along with unsaturated fatty acids
(palmitoleic, oleic, erucic and linoleic) (Bokhary et al.,
1989). The lipid composition of desert truffles depends
highly on the species as well as growing environments. For
instance, T. boudieri from Saudi Arabia was rich in penta-
decanoic, margaric, stearic and arachidic acids (Bokhary
et al., 1989). Whereas, the same species from Turkey con-
tained mainly oleic, linoleic, linolenic, palmitic, palmi-
toleic, stearic and behenic acids (Akyiiz, 2013). The most
identified phytosterols in truftle reports were brassicast-
erol and ergosterol. Harki et al. (1996) reported that the
prominent components identified in Tuber melanosporum
were ergosterol and brassicasterol, accounting for about
90% of total sterols. As well, the major sterol components
in the Tuber ascocarps were brassicasterol and ergosterol,
accounting for about 17-64% and 25—67% of total sterols,
respectively (Tang et al., 2012). In Terfezia truffles, brassi-
casterol levels were 98% of the total sterols, while ergos-
terol was present in lower amounts (Tejedor-Calvo et al.,
2021). Other phytosterols such as beta-sitosterols, stig-
masterol and campestanol were also present in low con-
tents (Dahham et al., 2018).

The six species included in this study were natives of
Morocco. Terfezia arenaria, commonly called ‘Pink Terfess
of Mamora, was harvested from acidic soil, in semi-arid
climate under Helianthemum guttatum. 1t is an appreci-
ated edible fungus, detected by the ‘mark’ method (Khabar,
2014) unlike Delastria rosea, known as ‘Bitter Terfess of
Taida’ due to its bitter flavour. It was collected under Pinus
pinaster var. atlantica and Pinus halepensis in Mamora
forest between November and December (Khabar, 2014).
Similarly, Tuber oligospermum was also collected under
P pinaster var. atlantica in Mamora forest, starting from
December until April. The ascocarp of T. boudieri origi-
nated from Bouaarfa region, collected from limestone soil,
under arid and sub-Saharan climate, and Terfezia lepto-
derma was obtained from Mamora forest from the acidic
soil under H. guttatum at the beginning of February until
May. Tuber asa, commonly called “Terfass male of Terfass’
because of its hard consistency, collected as well under
H. guttatum on acidic soil of Mamora forest, towards the
end of February at the same time as 7. leptoderma (Khabar,
2014). The aims of this work were 1) to determine the lipid
profile of the six Moroccan truffle species, 2) to determine
the relation between the genus, species and lipid composi-
tion of truffles, and 3) to determine whether the lipid profile
can be used as a tool for species or genus distinction.

Materials and methods
Fungus material

Six Moroccan truffle species were used in this experi-
ment. The ascocarps of different species (Table 1) were

Table 1.  The name and location of six Moroccan truffle species
used in this study.

Species name Location

Terfezia leptoderma (1) Mamora Forest under Helianthemum

T. leptoderma (2) Mamora Forest under Pinus pinaster
Terfezia arenaria Mamora Forest

Terfezia boudieri Bouaarfa

Tuber asa Mamora Forest

Tuber oligospermum Mamora Forest under P, pinaster

Delastria rosea Mamora Forest under P, pinaster

collected directly from their natural environments and
transported to the laboratory. Under the fume hood, the
samples were surface sterilised with ethanol, peeled and
then fragmented by hand. Several pieces were taken from
the glebe and stored in pillboxes at —-64°C. Alternatively,
other samples were sun-dried for 2 months before being
stored at —64°C.

The different steps of extraction, separation and analy-
sis of lipids were released at the Laboratory of Myco-
logy, Phytopathology and Environment of the Littoral
France University, following the method of Fontaine et al.
(2001).

Extraction of total lipids

The extraction was performed with approximately
20-40 mg of freeze-dried material (pieces of truffle
glebe). The solvent used for extraction was a mixture
of dichloromethane and methanol (2:1 v/v) with 0.05%
BHT (Butylated hydroxytoluene; Sigma) as antioxidant.
The freeze-dried fungal material was first ground in
40 ml of the solvent using ultra-turrax homogenizer. The
first extractions were performed in the dark to preserve
the ergosterol, a photosensitive sterol. The extraction
of total lipids was carried out under reflux (1 h at 70°C)
with some pieces of pumice stone. After filtration, the
lipid extract was recovered under nitrogen blowdown
and rotary evaporator at 60°C. This step was repeated
thrice.

Separation of fatty acids and total sterols by
saponification

The crude lipid extract was used to separate fatty acids
and total sterols by saponification. The crude extract
was saponified under reflux (1 h at 90°C) in 2 ml of 6%
(w/v) methanolic potash and some pieces of pumice.
After cooling, two successive cold extractions with hex-
ane were performed. The first extraction permitted the
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recovery of unsaponifiable fraction (sterols), while the
second one enabled the retrieval of saponifiable fraction
(fatty acid). To perform the first cold extraction, one vol-
ume of distilled water was added to the cooled saponified
extract, followed by six volumes of hexane. This mixture
was then vigorously stirred for 1 min with a vortex. After
decantation, the organic phase (upper layer), which con-
tains the unsaponifiable elements, was taken out and
dehydrated with anhydrous sodium sulfate. This step
was repeated three times, and the recovered extract was
concentrated in a rotary evaporator at 50°C. For the fatty
acid recuperation, the aqueous phase was acidified to
pH 1 with 1 M HCl to liberate them from their saline com-
bination. Afterwards, the acidified phase was extracted by
performing three extractions with hexane. The concentra-
tion of these extracts was done under nitrogen.

Fatty acid analysis

The fatty acids were solubilise in 1 ml boron trifluo-
ride—methanol (14% w/v). The methylation reaction was
carried out for 2 min at 90°C in a water bath and then
stopped by immersing the tubes in ice. After addition of
1 ml of distilled water and 2 ml of hexane, the tubes were
vortexed for 30 s. The organic phase (upper phase) was
taken out and dehydrated by adding anhydrous sodium
sulfate. This step was repeated thrice. The methylated
fatty acids were purified on silica gel of TLC (20 x 20 cm,
type Silicagel F 254, Merck) with a solvent system com-
posed of diethyl ether/hexane (10/90; v/v). The fatty acid
spots were detected by primuline and eluted in about
1 ml of dichloromethane. Thereafter, the fatty acids were
immediately taken up in 25—-100 pl of hexane and injected
into the gas chromatograph. Fatty acids were identified
by comparing their relative retention times with internal
standard such as methyl C 17:0 (methyl margarate) as
well as other known standards (Alltech).

Sterol analysis

To obtain a better separation in gas chromatography, ste-
rols were acetylated either for 12 h at room temperature
or 2 h at 60°C by the mixture of toluene/acetic anhydride/
pyridine (1/2/1; v/v/v). Sterol acetates were purified on
silica gel thin layer with dichloromethane as migration
solvent. Cholesterol acetate (1 mg/ml) was used as a con-
trol to localise acetylated products after spraying with
0.01% (w/v) primuline solution. The acetylated sterols
were taken up in 25-100 pl of hexane and injected into
the chromatograph. The sterol acetates were identified by
comparing their relative retention times against an inter-
nal standard, cholesterol in alcohol form (non-acetylated)
along with brassicasterol and other known acetylated
standards.

Lipid composition of Moroccan truffles

Statistical analysis

The data were analysed using R studio software. The
means and standard deviations were calculated. The
pairwise comparisons among means were performed
using two-way ANOVA and Tukey HSD test. To indicate
significant differences, we used the multcompLetters4()
function from the multcompView package.

Results and discussions

The objective of this work was to define the nature and
proportion of fatty acids and sterols in six species of
Moroccan truffles and to determine if this lipid pro-
file could be used as a classification tool to discriminate
between species or genus. This study was conducted for
the first time on Moroccan truffles, disclosing distinctly
the fatty acid and sterol components of truffles and des-
ert truftles grown in Morocco.

Fatty acid composition

The fatty acid composition of Moroccan truftles has
not been reported previously, and studies on fatty acid
content of other truffles are scarce. The first and most
reported studies on fatty acid composition were focused
on Tirmania pinoyi, Tirmania nivea, T. boudieri, T. clav-
eryi and Picoa lefebvrei from Saudi Arabia (Bokhary
et al., 1989; Bokhary and Parvez, 1995) and T. claveryi
from Iraq (Al-Shabibi ez al., 1982). Recently, other stud-
ies appeared on fatty acid composition of T. boudieri
from Iraq (Dahham et al., 2018), T. boudieri from Turkey
(Hamza et al., 2016), T. claveryi and Picoa juniperi from
Spain (Murcia et al., 2003) as well as T. nivea from Libya
(Shah et al., 2020).

The chromatographic analysis results for the identifica-
tion of fatty acids compositions are presented in (Table 2
and Figure 1). Seven fatty acids were detected in the
six truffles species used in this experiment; four saturated
fatty acids [palmitic (C16:0), stearic (C18:0), arachidic
(C20:0) and behenic (C22:0)], and three unsaturated
fatty acids [palmitoleic (C16:1), oleic (C18:1) and lin-
oleic (C18:2)]. Bokhary et al. (1989) reported that pal-
mitic, stearic, oleic and linoleic acids were predominant
in T. nivea and T. boudieri which originated from Saudi
Arabia. As well, the Turkish T. boudieri was also rich
in behenic, palmitic, palmitoleic, stearic, oleic, linoleic
and linolenic acids (Akytiz, 2013), which agree with our
results and particularly with 7. boudieri. Furthermore,
a recent study on fatty acid composition in Tuber
maculatum, Tuber aestivum/uncinatum, Tuber borchii,
T. melanosporum and T. nivea revealed the dominance
of palmitic, stearic, oleic and linoleic acids followed
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Table 2. Fatty acid composition of the six Moroccan truffle species through gas-liquid chromatography analysis (percentage of dry weight
of the lipid fraction).

Species C 16:0 C 16:1 C18:0 C18:1 C18:2 C 20:0 C22:.0
Terfezia 16.080 £ 0.9362 0.913+0.372° 1.600 + 0.185%  27.530+0.598° 48.513+1.179° 4.570 £ 0.589¢  0.790 + 0.1472
leptoderma (1)

T leptoderma (2)  17.456 +2.1672  1.733£0.2212  1.026 £ 0.047°  26.106 + 0.740 48.633 £1.075°  5.753 £+ 0.2472  0.803 £ 0.100?
Terfezia arenaria  21.470 + 1.822° 1.066+0.133% 3.253+0.206° 27.020+0.727° 38.803+0.525° 8.563 £ 0.577°  0.900 + 0.095
Terfezia boudieri  20.823 +1.019°  0.830+0.303° 2.433+0.508° 28.333+1.028° 42.770+1.127° 4.580+0.545% 0.710 + 0.156°
Tuber asa 16.470 + 1.483* 0.940+0.096° 1.810+£0.259° 15.98310.879® 61.186+0.315¢ 4.773+0.396° 0.740 + 0.070°
Tuber 16.670£0.1382  1.090 + 0.389° 2.023 +0.200° 20.593 + 0.450° 54.926 + 1.601°  4.720 + 0.500®  0.780 + 0.105°
oligospermum

Delastria rosea 12420 £ 1.574° 1.230+0.166 1.263+0.1122  60.160 £ 0.916¢ 19.836 + 1.237"  4.503 + 0.678%  0.830 £ 0.052°

Data shown as mean + standard deviation (n = 3). Different superscript letters in the same column indicate a statistically significant difference

(P <0.05).
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by traces of polyunsaturated fatty acids (Shah et al,
2020).

The main fatty acids detected were palmitic, oleic and
linoleic acids. The other fatty acids were also present but
at lower levels. Similar findings were also reported in var-
ious species of Terfezia and Tuber (Hamza et al., 2016;
Tejedor-Calvo et al., 2021). Our results demonstrated
that the rate of palmitic acid (C16:0) is appreciably equal
in all the species studied. We could also notice that the
linoleic acid level was generally higher compared to the
oleic acid (C18:1) level in all the species studied except

Fatty acid composition of the six Moroccan truffle species used in this study.

for D. rosea where the opposite was true; the level of oleic
acid was higher than linoleic acid. The same results were
also reported by Hamza et al. (2016). The T. boudieri
was characterised by its higher content of linoleic acid
(54.10%) compared to oleic and palmitic acids that repre-
sented 22 and 20.40%, respectively (Hamza et al., 2016).
Linoleic acid level was considerably high in Tuber com-
pared to Terfezia species. The rate of oleic acid was, on
the other hand, slightly lower in Tuber genus compared
to Terfezia genus. This remark goes with Tejedor-Calvo
et al. (2021), who reported that linoleic acid content in
Tuber brumal and T. melanosporum reached 78.3 and
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61.12%, respectively, compared to T. leptoderma and
T. arenaria which noticed only 51.3 and 30.9%, respec-
tively. The fatty acid results of Moroccan truffles and
desert truffles proved their richness in unsaturated and
healthy fatty acids such as linoleic acid, suggesting their
equivalent culinary value compared to European truffles.

Regarding fatty acid discrimination, it seems that these
criteria could not differentiate clearly between the spe-
cies of the two genera of Tuber and Terfezia. Indeed,
the ratio of linoleic acid or oleic acid was approximately
equal between the different species of the two genera.
Nevertheless, the fatty acid composition could distin-
guish between Delastria and other two genera.

Lipid composition of Moroccan truffles

Sterol composition

The sterol composition of Moroccan truffles has never
been reported before. The first report on sterol was that
by Weete et al. (1985), which mentioned about both
Terfezia and Tuber genera. Further, other studies princi-
pally on Tuber species including 7. melanosporum (Harki
et al., 1996; Sancholle et al., 1988), Tuber magnatum,
T. melanosporum, T. aestivum, Tuber albidum and Tuber
indicum were released (Sommer et al., 2020).

Four sterols (brassicasterol, ergosterol and lanosterol)
were identified in the ascocarps of the examined truffle
species (Table 3 and Figure 2). Furthermore, the main

Table 3. Sterol composition of the six Moroccan truffle species through gel permeation chromatography analysis.

Sterols Brassicasterols Ergosterols Lanosterol (1.31) n.i. (1.42)
Terfezia leptoderma (1) 96.870 + 1.2602 3.016 £ 0.6212 002 n.d.

T. leptoderma (2) 92.410 + 2.606° 8.153 £ 0.1432 002 n.d.

Terfezia arenaria 96.833 + 1.045° 0+0° 2.003 £ 0.532° n.d.

Terfezia boudieri 97.190 + 2.4162 0+0° 3.110 £ 0.2982 n.d.

Tuber asa 40.526 + 2.377° 23.196 £ 0.718° 17.470 + 0.856° 12.220 + 2.186°
Tuber oligospermum 46.006 £ 2.001° 21.470 + 1.990° 16.223 + 4.441° 17.286 + 1.997°
Delastria rosea 21.343 £ 1.770¢ 42.9633 £ 0.621¢ 22.826 £ 3.471° 12.886 + 1.806°

Data shown as mean + standard deviation (n = 3). Lanosterol and n.i. compounds are reported with their retention time (in minutes) between
brackets. Different superscript letters in the same column indicate a statistically significant difference (P < 0.05). n.i., not identified; n.d., not

detected.
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Figure 2.  Sterol composition of the six Moroccan truffle species.
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sterols were ergosterol and brassicasterol with the high-
est percentage in all the examined species. Similar results
were disclosed in black truffle, where the sterol compo-
sition of T. melanosporum was analysed and ergosterol
along with brassicasterol were identified as the major
components (90%) (Harki et al., 1996). As well, the exam-
ination of Tuber sinense, T. aestivum, T. indicum, Tuber
himalayense and T. borchii revealed the predominance of
brassicasterol and ergosterol, with 17-64% and 25-67%
of total sterols, respectively (Tang et al., 2012).

Besides, the ratio of ergosterol to brassicasterol changes
according to the genera studied. In Terfezia species, bras-
sicasterol was the main sterol identified, accounting for
92-97% of the total sterols, affirming the results of Weete
et al. (1985), who reported that brassicasterol levels were
98% of total sterols in Terfezia truffles, while ergosterol
was registered at very low amounts (0-8%). On the other
hand, in Tuber species (Tuber asa and Tuber oligosper-
mum) and D. rosea, the ergosterol represented a consid-
erable amount compared to Terfezia species, accounting
for 23, 21 and 43% of the sterols, respectively. These
species also contained 40, 46 and 21% of brassicast-
erol, respectively. A recent study by Tejedor-Calvo et al.
(2022) demonstrated that ergosterol and brassicasterol
were the two main sterols in T. claveryi and T. aestivum
ascocarps, with differences in ergosterol to brassicasterol
ratio depending on the ascocarp genus. Lanosterol was
also detected in Tuber species, as well as in D. rosea, in
considerable quantities, accounting for 16 and 23% of the
sterols, respectively. While in Terfezia, they were either
totally absent or present in very small quantity (approx-
imately 2—-3%). The high amount of brassicasterol in
Terfezia will increase the quality interest of the Moroccan
genera, knowing that brassicasterol has several health
benefits, such as antioxidative activity and anti-infective
properties.

Finally, Terfezia genus was distinguished by the high bras-
sicasterol content, while the Tuber genera and Delastria
were characterised by the equivalent amount of ergos-
terol and brassicasterol. Hence, sterol analysis proved
their importance to highlight differences between species
and to separate the Tuber from Terfezia trufiles collected
in Morocco. These differences seem to be exploitable at
the taxonomic level.

Conclusion

The lipid composition and concentration were highly
influenced by truffle speciation and their growing area.
This was the first report of lipid composition of Moroccan
truffles, divulging the fatty acid and sterol composi-
tions of six species of truffles and desert truffles and

demonstrating the richness of Moroccan truffles in
essential unsaturated fatty acid, such as linoleic acid.
There was a slight difference between Tuber and Terfezia
species in fatty acid component, which is not sufficient
to differentiate between them. However, sterol analysis
distinguished between these two genera. Hence, a com-
parison of their sterol composition with reported data
seems to be plausible for Tuber and Terfezia distinction.
Finally, a deeper study on other nutrient compounds and
bioactive molecules of Moroccan truffles as well as their
antioxidant evaluation is predetermined to improve their
edible and culinary interest through their health benefits.
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Abstract

Policaptil Gel Retard® (PGR), a natural fiber-based molecule, has been shown to prevent weight gain and amelio-
rate insulin-resistance indices in obese children and adolescents. The aim of this study was to compare the effects
of 12 weeks of low calories and low glycemic index (LC-LGI) diet associated or not with the intake of PGR on
anthropometric, bioimpedance, and metabolic parameters. Data from 20 obese adult subjects (10 per group) were
analyzed. An LC-LGI diet with or without PGR intake reduced weight, BMI, and waist circumference. PGR intake
elicited a reduction in fasting plasma insulin and insulin resistance index together with an improvement in insulin

sensitivity.

Keywords: caloric intake; dietary fiber; glycemic index; Mediterranean diet; obesity

Introduction

The World Health Organization (WHO) declared obe-
sity as the largest global chronic health disease in adults
(Frithbeck et al., 2013). Obesity is a metabolic disease
(ICD-10 code), with epidemic proportions, becoming
one of the leading causes of cardiovascular disease, dis-
ability, and death worldwide (Blither, 2019).

Obesity is the result of individual behaviors and envi-
ronmental factors leading to excessive caloric intake
and inadequate physical activity. It is characterized by a
pro-inflammatory milieu leading to hyperinsulinemia,
hyperglycemia, and hyperlipidemia, which can foster
insulin resistance and metabolic abnormalities (Ceriello,
2003; Finer, 2015; WHO, 2015).

Appropriate goals of weight management involve achiev-
ing a realistic weight loss (at least 5% of baseline body
weight) to promote a reduction in health risks and should

include, besides weight loss, weight maintenance and
prevention of weight regain (Frithbeck et al., 2013).

To date, conventional treatment for obesity is based on
nutritional therapy, low-calories and low-glycemic index
(LC-L@I) diets, combined with regular physical activity.

Nevertheless, results of several clinical studies indicate
that is not often feasible to achieve and maintain weight
loss (Dwyer et al., 2000).

An elevated consumption of fibers slows down the
absorption of carbohydrates, thus reducing the extent
and the velocity of post-prandial blood glucose increase
(Weickert and Pfeiffer, 2008).

For this reason, integrating an LC-LGI diet with the
intake of natural fiber-based molecules, such as the poly-
saccharide complex PGR, might improve the success rate
of dietary intervention.
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PGR is a patented complex of macromolecules pro-
duced by concentrating specific polysaccharide frac-
tions obtained from: Cellulose, Opuntia Ficus indica,
Amorphophallus Konjac, Althaea Officinalis, Linum
Usitatissimum, Tilia Platyphyllos, and Cichorium Intybus.

PGR, with or without association with metformin, has
been shown to prevent weight gain, and to ameliorate
insulin-resistance indices, in obese children and ado-
lescents (Stagi et al., 2016, 2017). Recently, it has been
observed that a single intake of PGR is associated with
a significant reduction in appetite, ghrelin, and tri-
glycerides in the postprandial period in obese children
(Fornari et al., 2020).

Guarino and coll. published results of a randomized con-
trolled clinical trial showing that PGR supplementation
and metformin have comparable effects in terms of glyce-
mic control in obese adult subjects affected by metabolic
syndrome (MS) or type 2 diabetes (T2D). Moreover PGR
supplementation was associated with a greater serum lip-
id-lowering capacity and tolerability as compared to met-
formin (Guarino et al., 2021).

The aim of this study was to compare the effects of an
LC-LGI diet plus PGR assumption versus an LC-LGI diet
alone on anthropometric, bioimpedance, and metabolic
parameters in obese adults.

Materials and Methods
Study design and subjects

This was a retrospective pilot single center study con-
ducted at the Endocrine and Metabolic Disease Unit,
Pescara Town Hospital, Italy.

Data of obese adults (Body Mass Index, BMI > 30 kg/m?%
age =18 years) treated for at least 12 weeks with
an LC-LGI diet with or without PGR in the period
between 01/01/2016 and 31/12/2020 were retrospec-
tively collected.

We excluded from analysis subjects with T2D, thyroid
dysfunction, treated with medications associated with
weight gain or weight loss, affected by genetic syndromes
associated with obesity or by autoimmune, chronic, or
systemic diseases.

Patient’s data were anonymously extracted from an elec-
tronic medical record system (MyStar Connect/Smart
Digital Clinic, Meteda Srl, San Benedetto del Tronto,
Italy) and divided into two groups according to whether
or not PGR was part of patients’ treatment (LC-LGI diet
plus PGR group/LC-LGI diet alone group).

Policaptil Gel Retard and Obesity

Data relative to body weight, BMI, waist circumfer-
ence, bioimpedance data, fasting plasma glucose (FPG),
plasma insulinemia levels and insulin resistance index
(Homeostatic Model Assessment for Insulin Resistance,
HOMA-IR), and sensitivity index (Quantitative Insulin
Sensitivity Check Index, QUICKI) before and after 12
weeks of treatment were collected.

The study was conducted in compliance with the
Declaration of Helsinki and European Guidelines on
Good Clinical Practice. Ethical approval (ethical code PE
08) was obtained from the Chieti and Pescara Provinces
Ethics Committee.

Bioimpedance analysis and insulin sensitivity

Bioimpedance analysis was performed using a BC-420
MA Class III body composition analyzer (Class III: com-
pliant with the European Directive on medical devices)
and the European NAWI standard relating to nonauto-
matic weighing instruments, Tanita, Tokyo, Japan. Body
composition was evaluated by the instrument through
a frequency of 50 kHz. The margin of error for the
measurements performed corresponded to +2%, which
corresponds to a variation of approximately +0.5% of the
fat mass measurement in a standard figure (Esparza-Ros
etal., 2019).

Insulin resistance (HOMA-IR) and sensitivity (QUICKI)
indexes were calculated according to the following for-
mulas as previously reported:

+ HOMA-IR: FPG (expressed in mg/100 mL) x fasting
insulin (expressed in pU/mL)/405 (Matthews et al.,
1985);

» QUICKI: 1/(log (fasting insulin pU/mL) + log (FPG
mg/dL.) (Katz et al., 2000).

Dietary intervention

A personalized diet plan prescription was elaborated tak-
ing into consideration the subject’s ideal body weight, life-
style, eating habits, food preferences, and working shifts.

The energy intake was fixed by reducing by 25% the esti-
mated caloric intake, which was calculated on the basis of
food history and basal metabolism assessed by bioimped-
ance analysis.

The total amount of energy intake never fell below 1200
keal per day.

The diet composition was formulated in compliance with
the indications provided by the Italian Recommended
Dietary Allowances (RADs) (SINU, 2019):
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+ carbohydrates 50-53 % kcal/day (<10% simple sugars);
+ lipids 25-30 % kcal/day (<10% saturated fatty acids);

+ protein 15-20 % kcal/day (about 0.9 g/kg/day);

+ fibers at least 30 g/day.

The alimentary plan consisted of three main meals
(breakfast, lunch, dinner) and one to three snacks (vari-
able according to subject’s habits) to avoid prolonged
fasting between main meals (>5 h).

The low glycemic index was guaranteed by the presence
of a balance among macronutrients and fibers. Moreover,
dieticians strongly encouraged consumption of low gly-
cemic index foods.

As per clinical practice, all subjects were encouraged to
accumulate at least 30 min or more of moderate-inten-
sity physical activity per day and underwent a follow-up
visit every month to monitor weight changes, compliance
with physical activity, diet and supplement prescribed for
the entire duration of the treatment.

PGR supplementation

PGR’ is a patented complex of macromolecules produced
by Aboca Spa Company (Sansepolcro, Arezzo, Italy). This
complex contains specific polysaccharide fractions obtained
from: Cellulose, Opuntia Ficus indica, glucomannan
(Amorphophallus konjac), Althaea officinalis, Linum usita-
tissimum, Tilia platyphyllos, and Cichorium intybus.

The PGR group patients consumed three PGR tablets
with a large glass of water before their two main meals
for a period of at least 12 weeks.

Statistical analysis

Variables distribution normality was checked using the
Shapiro—Wilk test. Normally distributed data are shown
as mean values * standard deviation (SD), while data
with nonnormal distribution are presented as median
values and interquartile ranges.

Since the distributions of most of the quantitative vari-
ables were significantly different from the normal dis-
tribution (Shapiro-Wilk test), nonparametric tests were
used. The Wilcoxon signed rank test was used to com-
pare baseline and follow-up parameters within the study
group. The Mann Whitney U test was used to compare
differences between independent groups. Differences
with P < 0.05 were considered statistically significant.

Statistical analysis was performed using the statistical
software package Stata (version 16.1, StataCorp, 4905
Lakeway Drive, College Station, TX, USA).

Results
Baseline characteristics

The primary demographic, clinical, and biochemical
characteristics of the two study groups are shown in
Table 1. All baseline characteristics were similar in both
groups.

Effects of 12-week intervention of an LC-LGI diet versus
an LC-LGI diet plus PGR

Anthropometric measurements

After 12 weeks of intervention, there was a significant
reduction in body weight, BMI, and waist circumference
both in patients following an LC-LGI alone diet and in
those on an LC-LGI diet plus PGR, as shown in Figure 1
and Table 2. The magnitude of the intervention effects
on these parameters was not different between the two
groups (Table 2).

Body composition variables
The effects of an LC-LGI diet and an LC-LGI diet plus
PGR on body composition measurements are shown in

Table 1. Baseline demographic, clinical, and biochemical
characteristics of the two study groups.

Parameters LC-LGlI diet LC-LGI diet plus P value
(n=10) PGR (n=10)
Age (years) 545+ 26 59.5+11 ns
Gender (M/F) 2/10 4/6 ns
Height (cm) 160 £ 14 165+5 ns
Weight (kg) 90.8+ 125 97.1+20.1 ns
BMI (kg/m2) 356+89 36.7 £ 6.6 ns
WC (cm) 115.5+ 29 111185 ns
FM (kg) 37.8+104 453+ 11.3 ns
FFM (kg) 50.9 £ 22.7 53.7£10.1 ns
MM (kg) 4831216 51+£99 ns
TBW (L) 36115 385+7.7 ns
FPG (mg/dL) 955+13 102.5+ 10 ns
Fasting Insulin 1858 14778 ns
(WU/mL)
HOMA-IR 4528 374+19 ns
QUICKI 0.31£0.03 0.31 £ 0.02 ns
PGR (weeks) - 1341 -

Data shown as medians  IQR. Abbreviations: IQR, interquartile
range; LC-LGlI, low-calorie and low-glycemic index; PGR, Policaptil
Gel Retard; ns, not significant; BMI, body mass index; WC, waist
circumference; FM, fat mass; FFM, fat free mass; MM, muscle mass;
TBW, total body water; FPG, fasting plasma glucose; HOMA-IR,
homeostatic model assessment for insulin resistance; QUICKI,
quantitative insulin-sensitivity check index.
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Figure 1. Median change from baseline (T0) in (A) body weight (BW), (B) body mass index (BMI), and (C) waist circumference

(WC) to 12 weeks (T1) in obese subjects treated with an LC-LGI diet or an LC-LGI diet plus PGR. Change in (D) fasting insulin,
(E) HOMA-IR, and (f) QUICKI after 12-week intervention of an LC-LGI diet versus an LC-LGI diet plus PGR.

Table 2. Fat mass (FM) and muscle mass (MM) slightly
decreased after 12 weeks in the LC-LGI group. However,
the difference between the two study groups with respect
to FM, fat free mass (FFM), and MM loss was not sta-
tistically significant. There was no change in Total Body
Water (TBW) in the study subjects (Table 2).

Metabolic profile
FPG did not change after 12 weeks of intervention in
both study groups.

Compared to an LC-LGI diet, the LC-LGI diet plus PGR
elicited a greater decrease in fasting insulin (-1.5 £+ 1
vs —5.8 £ 4.3, P = 0.025, Table 2) and HOMA-IR index
(-0.2£0.9vs-1.5% 1, P = 0.043, Table 2), with a percent
change from baseline of —36 % and —37 %, respectively
(Figure 1d and 1e).

QUICKI was significantly ameliorated in an LC-LGI
plus PGR group (0.31 + 0.02 vs 0.33 £ 0.02, P < 0.001,
Table 2) with an increase of 7.1 % (Figurelf) but not in

LGI group. The difference between the two study groups
with respect to QUICKI was statistically significant (P =
0.029), as shown in Table 2.

Discussion

This retrospective pilot study shows that while an LC-LGI
diet both with or without PGR intake reduce, as expected,
weight, BMI, and waist circumference, as compared to
the diet only intervention, 12 weeks of PGR intake induce
a significant improvement in insulin circulating levels, in
insulin resistance calculated by HOMA-IR index, as well
as in insulin sensitivity calculated according to QUICKI.

These effects of PGR may be related to a reduction in the
post meal glycemic and insulinemic peaks as suggested by
Stagi and collaborators who demonstrated an ameliora-
tion of HOMA-IR in obese children and adolescents after
1 year of PGR intake (Stagi et al., 2016, 2017). Moreover,
Greco and colleagues recently observed an improvement
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Table 2. Comparison of differences between baseline and 12 weeks in anthropometric, body composition, and metabolic parameters

between the LC-LGI diet and LC-LGI plus PGR groups.

LC-LGl vs

LC-LGlI plus
Parameters LC-LGI diet LC-LGI plus PGR PGR

Baseline (T0)  Follow-up Change Baseline (T0)  Follow-up Change P value
(T1) (ATO0-T1) (T1) (ATO0-T1)

Weight (kg) 90.8 £ 12.5 88.3+9.5 -2.8+1.9* 97.1+20.1 92.8 +22.6 -3.8+5.1* 0.393
BMI (kg/m2) 35689 33.8+95 -1.1£0.7* 36.7 £ 6.6 36.1 £ 8.1 -1.4+£1.6" 0.413
WC (cm) 1155+ 29 111+£28 -35+2* 111+£85 105.5+9 -4.5+3.5% 0.518
FM (kg) 37.8+£10.4 36.3+9.4 -15+1* 453+ 11.3 454 +12.5 -16+38 0.837
FFM (kg) 50.9£22.7 50.7£22.4 -1+03 53.7+£10.1 495+10.8 -15+28 0.517
MM (kg) 48.3+21.6 478215 -0.6+0.1* 51199 49.3+10.6 =l 2.3 0.731
TBW (L) 36115 355+25 -0.5+0.3 38577 375+93 -0.25+1.9 0.865
FPG (mg/dL) 955+ 13 91+22 25+10 102.5+ 10 955+ 11.5 -5+12.5 0.402
Insulinemia (uU/mL) 185+8 19+ 11 -1.5+1 147478 9.3+33 -5.8 £4.3* 0.025
HOMA-IR 45+28 45+3.6 -0.2+0.9 374119 23+08 AL 1+ 0.043
QUICKI 0.31+0.03 0.31£0.04 0.00 £ 0.01 0.31£0.02 0.33 £ 0.02 0.02 £ 0.01* 0.029

Data are shown as medians % IQR. Wilcoxon signed rank test was used for intragroup comparisons (baseline vs follow-up). For intergroup analyses
(LC-LGI diet vs LC-LGI plus PGR) the Mann Whitney U test for independent groups was applied. *P < 0.05; **P < 0.001. Abbreviations: IQR,
interquartile range; LC-LGI, low-calorie and low-glycemic index; PGR, Policaptil Gel Retard; BMI, body mass index; WC, waist circumference; FM, fat
mass; FFM, fat free mass; MM, muscle mass; TBW, total body water; FPG, fasting plasma glucose; HOMA-IR, homeostatic model assessment for

insulin resistance; QUICKI, quantitative insulin-sensitivity check index.

of parameters defining metabolic syndrome in a mouse
model fed with high-fat diet treated with PGR (Greco
et al., 2020).

Similar results were obtained by Guarino and colleagues
in adults in whom PGR supplementation induced a bet-
ter effect on serum lipid and tolerability as compared to
metformin (Guarino et al., 2021).

It is worth noting that in our study, similar observation
has been made in a clinical setting, without the “trial
effect, thus confirming the potential effectiveness of
PGR as a valid clinical tool in obesity management.

Insulin resistance and hyperglycemia are known risk
factors of cardiovascular disease (Laakso and Kuusisto,
2014). Therefore, a treatment that improves insulin action
leading to a considerable amelioration of metabolic pro-
file in obese subjects could represent an efficacious strat-
egy in the prevention of cardiovascular disease.

The small sample size is the main limitation of our study.
Furthermore, even if our short observation period sug-
gests an effect of PGR in improving the carbohydrate
metabolism, we cannot exclude a concomitant effect
given by the weight loss obtained through an LC-LGI
diet. A randomized placebo-controlled study would be
useful to better single out the effects of this macromolec-
ular complex.

For all these reasons, further studies with suitable study
design on larger samples with a longer follow-up period
are needed to confirm our preliminary results.

Conclusions

PGR associated with a low calorie and low glycemic
index diet may be useful to reduce body weight and
improve insulin sensitivity in adult subjects affected by
obesity.
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Abstract

Licorice (Glycyrrhiza glabra L.) is an essential herb in Chinese medicine, as well as a common ingredient in
health foods and natural sweeteners. Liquiritin, the primary constituent of licorice, possesses a wide range of
pharmacological and biological properties. This research aims to study the protective mechanism of liquiritin in
the myocardium. The potential therapeutic efficacy of liquiritin against acute myocardial infarction (AMI) was
tested using molecular docking and verified using an AMI rat model caused by the ligation of the LAD coronary
artery. Molecular docking between liquiritin and toll-like receptor 4 (TLR4) and myeloid differentiation factor
88 (MyD88) was predicted using SystemsDock. Then, for experimental validation, in vivo studies were employed.
Rats with the AMI model established by ligation of left anterior descending coronary artery were divided into
four groups—sham group, model group, captopril group, and liquiritin group. LVSP, LVEDP, +dp/dtmax, and -dp/
dtmax were detected and analyzed. HE and Masson staining were used to observe the pathological changes. The
protein expressions of TLR4, MyD88, and nuclear factorkB p65 (NF-kB p65) were detected by Western blotting.
Molecular docking showed that liquiritin may act on the TLR4 and MyD88, and, therefore, liquiritin was pre-
dicted to exert anti-inflammatory effects by regulating the TLR4/MyD88 signaling pathway. Liquiritin improved
LVSP, +dp/dtmax, -dp/dtmax, and LVEDP levels, and alleviated pathological changes and cardiac fibrosis. Fur-
ther study found that liquiritin could decrease the overexpression of TLR4, MyD88, and NF-«B, which validated
the molecular docking study. Hence, liquiritin ameliorates AMI by reducing inflammation, and blocking TLR4/
MyD88/NEF-«B signaling. These results indicate that liquiritin as a potential compound could alleviate AMI and
broaden its application.

Keywords: acute myocardial infarction; liquiritin; molecular docking; TLR4/MyD88/NF-«B signaling

Introduction cause of chronic heart failure (CHF) (Lin et al., 2020). As
a serious cardiovascular event, AMI has become the lead-
Acute myocardial infarction (AMI) is a major manifesta- ing cause of death in the world, which is characterized

tion of ischemic heart disease (IHD), which is a leading by high morbidity and mortality. Therefore, it needs to
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be given enough attention, and it is particularly import-
ant to find an appropriate treatment (Yousufuddin et al.,
2019). The occurrence of AMI is related to many factors,
such as arrhythmia, severe inflammatory response, and
cardiac dysfunction (Sinnecker et al., 2016). At present,
the surgical treatment of AMI mainly includes reper-
fusion and revascularization therapy (Horikoshi et al.,
2021). Restoring coronary blood flow to the infracted
myocardium can significantly reduce myocardial infarc-
tion; however, this process may further cause myocardial
ischemia/reperfusion (I/R) injury, which causes second-
ary damage to AMI patients (Davidson et al., 2019; Yang
et al., 2019). In spite of modern drugs for the prevention
and treatment of AMI and improved public awareness,
there is still a need for new and safe drugs to prevent
AMI. Therefore, it is particularly important to find
and develop new cardioprotective Traditional Chinese
Medicine (TCM) for AMI patients.

Epidemiological evidence has suggested that diets rich
in fruits and vegetables are associated with a lower
incidence of cardiovascular diseases, as fruits and veg-
etables are rich in flavonoids and flavonoid glycosides
(Krga et al., 2016; Zhou et al., 2020). Recent studies have
found a positive correlation between higher intakes of
flavonoids and reduced cardiovascular disease mortality
(Yamagata, 2019). Licorice (Glycyrrhiza glabra L.) is an
essential herb in Chinese medicine, which is also widely
used in health foods and natural sweeteners (Jiang et al.,
2020; Kwon et al., 2019). Licorice has anti-inflammatory,
anti-obesity, anti-oxidant, anti-viral, and neuroprotective
properties (Ahmed-Farid et al., 2019; Ojha et al., 2015;
Sun et al., 2019). Flavonoids and flavonoid glycosides
are one of the main chemical components of licorice.
Liquiritin, as a flavonoid glycoside, is also one of the main
components of licorice, which possesses anti-myocardial
fibrosis, anti-cancer, anti-oxidative and neuroprotective
effects (Huang et al., 2018; Sun et al., 2010; Wei et al.,
2017). Previous studies have reported that liquiritin could
suppress the levels of type I collagen, type II collagen, and
alpha-smooth muscle-actin (a-SMA), reduce the release
of inflammatory cytokines such as TNF-a, IL-6, and
IL-17, and inhibit the protein expression of nuclear fac-
torkB (NF-kB) phosphorylation via regulating IKKa/IkBa
signaling pathway. It also has a protective effect against
myocardial fibrosis (Zhang et al., 2016). Our previous
studies found that liquiritin could directly inhibit ATE1
overexpression and inhibit TAK1 and JNK1/2 phosphor-
ylation in H9c2 transfected by pcDNA3.1/ATE1, which
plays a role in reducing Ang II-induced cardiomyocyte
hypertrophy due to its regulation of ATE1/ TAK1-JNk1/2
pathway (Mo et al., 2022).

Toll-like receptor 4 (TLR4) can activate the expression
of pro-inflammatory factors and chemokines by regulat-
ing the MyD88-dependent pathway, which affects many

Molecular docking and in vivo studies on liquiritin

diseases, including cardiovascular diseases, allergic dis-
eases, neuronal degeneration, and autoimmune diseases
(He et al., 2019; Mian et al., 2019). Especially, in AMI, the
pathogenesis is that the inflammatory response caused
by activated TLR4 may be because of the TLR4-Myd88-
dependent signaling pathway. Molecular docking can
predict the potential target of the natural products, and
then verify it through experiments, which can explain
the mechanism of action of the natural products from
Chinese Medicine.

Therefore, in this study, molecular docking technology
was used to find whether liquiritin is a potential inhibi-
tor of TLR4 and Myd88. The purpose of this study was
to screen liquiritin for potential therapeutic targets
for TLR4 and Myd88 through molecular docking, then
determine possible pathological pathways, find the
mechanism of interaction between liquiritin and recep-
tors, and confirm results by an iz vivo assay.

Materials and Methods
Animals

Sprague-Dawley (SD) rats (Male, weight 200+20 g,
SCXK 2017-001) were purchased from the Experimental
Animal Center of Anhui Medical University. All rats
were housed under 23+2°C, 12/12 h light/dark cycles. All
experimental procedures were followed by the Center
of Scientific Research of Anhui University of Chinese
Medicine.

Chemicals

Liquiritin was purchased from Shanghai Yuanye
Biotechnology Company (Shanghai, China), and the
purity was greater than 98%. TLR4 was from Affinity
Bioreagents (Golden, CO). MyD88 and NF-«kB p65 were
from Abbkine (China).

Molecular docking

The liquiritin structure was obtained from the PubChem
website. TLR4 (PDB ID: 3VQ2) (Ohto et al., 2012) and
MyD88 (PDB ID: 4DOM) (Snyder et al., 2013) struc-
tures were obtained from RCSB (www.rcsb.org/pdb).
SystemsDock was used for molecular docking (Hsin
et al., 2016). The method of molecular docking con-
sisted of four major steps: (1) Upload docking protein
receptors. (2) Prepare chemical molecules for dock-
ing. The structural file is uploaded in 2D SDF format.
(3) Run docking simulation. The docking simulation is
carried out with machine learning system. (4) Acquire
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molecular docking results including map information
and pKd/pKi.

In vivo anti-acute myocardial infarction properties

Establishment of rat models

AMI model in rats with left anterior descending (LAD)
coronary artery ligation as we have previously described
(Raj et al., 2017; Wang et al., 2020). To reduce pain, all
rats were anesthetized with isoflurane and ventilated
artificially using a respirator. The AMI rat model was pre-
pared by ligating a 6-0 silk suture with LAD 2 mm below
the apex of the left atrial appendage. In the control group,
rats were perforated but not ligated. After surgery, each
rat was injected subcutaneously with 100,000 IU of pen-
icillin to prevent infection and to increase the survival
rate. The survival rate of both the sham group and the
model group exceeded 90%.

Drug treatment

The control group received deionized water. Two weeks
following the establishment of the AMI model, the AMI
rats were randomized into three groups. The model
group received deionized water, the captopril group
received 3375 mg/kg of captopril, and the liquiritin group
received 200 mg/kg of liquiritin. All rats were adminis-
tered the intervention for four weeks. The captopril and
liquiritin groups were gavaged once per day.

Measurement of hemodynamic indexes

Thirty minutes after the last treatment, all rats were sac-
rificed, and polystyrene was catheterized through the
right carotid artery into the left ventricle of the heart.
LVSP, LVEDP, +dp/dtmax, and -dp/dtmax were detected
and analyzed by PowerLab (AD Instruments, Castle Hill,
Australia).

Myocardial histopathology

Left ventricular myocardium containing myocardial
infarction area was collected, and fixed with 4% parafor-
maldehyde. Thick tissue sections (4 um) were prepared
using paraffin-embedded tissues. Hematoxylin-eosin
(HE) and Masson staining were used to observe the
pathological changes.

Western Blotting

The concentration of myocardium-isolated total pro-
tein was determined using the BCA technique. Proteins
were separated by SDS-PAGE, transferred to a nitrocel-
lulose membrane, blocked in 5% nonfat dry milk for 2 h,
and incubated overnight. The proportions of antibodies
were TLR4 (1:1000), MyD88 (1:1000), and NF-kB p65
(1:1000). After incubating the membranes overnight
at 4°C, the secondary antibodies were administered for
2 h at room temperature. After washing three times with

TBST, electrogenerated chemiluminescence (ECL) was
employed to develop and fix the gels, and a gel imager
(FluorChem M, ProteinSimple, USA) was utilized for
photographing the gels and performing a semiquantita-
tive analysis. The experiment was repeated three times.
[-actin was used as an internal control.

Statistical analysis

All data were analyzed using SPSS 23.0, with a signifi-
cance level at P < 0.05. Multiple groups were compared
by one-way analysis of variance and the LSD method.
GraphPad Prism 5.0 was applied to all statistical analyses.

Results
Molecular docking of liquiritin with the biological targets

The docking score (pKd/pKi) between liquiritin and
TLR4 was 6.28, which was slightly lower than the native
ligand (7.35) (Table 1 and Figure 1). And, the docking
score between liquiritin and MyD88 was 5.73, which was
higher than the native ligand (4.18) (Table 2 and Figure
2). The binding affinity between liquiritin and TLR4 or
MyD88 is mainly intermolecular hydrogen bond. The
findings of the molecular docking prediction indicated
that liquiritin may function on the TLR4/MyD88 signal-
ing pathway; however, in vivo animal investigations are
required to verify these results.

Liquiritin improves heart function

LVSP, +dp/dt__, and -dp/dt_, in the model group were
decreased (P < 0.01), while LVEDP significantly increased
compared with the sham group (P < 0.01). LVSP, +dp/
dtmax, -dp/dtmax, and LVEDP in the liquiritin and cap-
topril groups reversed the results compared to the model
group (P < 0.01) (Figure 3). The results indicated that

Table 1. The docking scores (pKd/pKi) of liquiritin and TLR4.

Chemical Docking
constituents score

Binding of ligands to
residues

Native ligand 7.35 lle124, Glu122, Ser413,
Phe151, Phe438,

Phe126, Leu54, Val82, Leu87,
Arg90,

Phe121, lle153

Liquiritin 6.28 lle124, Ser413, Phe438, Leu54,
Arg90,
Phe121, lle52

Bold means residue binding except for native ligand.
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Table 2. The docking scores (pKd/pKi) of liquiritin and MyD88.

Chemical
constituents

Docking
score

Binding of ligands to
residues

Native ligand 418
Liquiritin 5.73

Tyr 257, Ala259, Thr277

Tyr 257, Thr277, Asp226,
Ser224, Asp171

Bold means residue binding except for native ligand.

liquiritin might enhance the cardiac function of rats with
AMIL

Liquiritin improves the morphological changes via HE
assay

As shown in Figure 4, the myocardium of rats in the sham
group was evenly stained with normal morphology, clear
texture, and orderly arrangement of myocardium cells,
with a few cardiac fibroblasts. However, after ligation of
LAD coronary artery induced AMI, pathological changes
appeared in the myocardium, dyed unevenly, and were
arranged in a disorderly manner. Myocardial cells in the
model group were lytic, with fibroblasts proliferated and
inflammatory cells infiltrated. Myocardial cells appeared
with a regular cell arrangement and clear structure, and
the pathological changes were attenuated in the liquiritin
group and the captopril group.

Liquiritin improves the morphological changes via
Masson staining

The myocardial fibers were red and collagen fibers were
blue in each group. The texture of myocardial fibers was

Molecular docking and in vivo studies on liquiritin
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The pictures of native ligand and active site of TLR4. Native ligand (A, 2D), Liquiritin (B, 2D).

clear, arranged in an orderly manner, and the direction
was consistent. A small amount of collagen fibers with
uniform distribution could be observed in the sham
group. Cardiac fibrosis was increased in the model group,
while it was improved greatly in the captopril and liquiri-
tin groups (Figure 5).

Effect of liquiritin on the expression of TLR4, MyD88, and
NF-xB p65

Western blotting was used to measure the expression
in the TLR4/MyD88/NF-«B signal pathway. As shown
in Figure 6, the expression of TLR4, MyD88, and NF-kB
p65 were significantly increased in the model group
compared with the sham group (P < 0.01; P < 0.05). The
expression of TLR4, MyD88, and NF-«kB p65 were obvi-
ously decreased in the liquiritin group and the captopril
group compared with the model group (P < 0.01; P <
0.05), but there were no significant differences between
the liquiritin group and the captopril group.

Discussion

Myocardial inflammation plays a key role in the phys-
iological and pathological mechanism of cardiac func-
tion and dysfunction. Myocardial inflammation is a
general double-edged sword. Effective and appropri-
ate inflammation is necessary and beneficial for host
defense against injury. Excessive or chronic inflamma-
tion can cause severe myocardial damage to the myo-
cardium, such as AMI (Liu et al., 2019). AMI is a disease
that causes damage and death to heart tissue due to the
blockage of myocardial coronary arteries caused by ath-
erosclerotic clots or arterial spasms, and now AMI has
become one of the most common diseases that cause
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expressed as mean * SD (n = 10). **P < 0.01 versus Sham group, #P < 0.01 versus Model group.

morbidity and mortality worldwide. At present, the
treatment of AMI mainly includes drug therapy, vas-
cular reconstruction, and rehabilitation therapy, but
these treatments have limited effect and find it difficult
to prevent the progress of AMI (Amosse et al., 2017).
Although revascularization can effectively alleviate AMI,
it is also accompanied by intractable complications,
such as no-reflow after percutaneous coronary interven-
tion (PCI), intrastent thrombosis, ischemia-reperfusion
injury, etc. (Hernandez-Resendiz et al., 2018). Therefore,
it is of great significance for the development of new
drugs to find effective therapeutic methods according

to the pathogenesis of AMI. With the frequent and suc-
cessful use of TCM in the prevention and treatment of
AM]I, the impact of Chinese medicine on AMI has drawn
increasing attention.

As a “functional food,” flavonoids can be widely used
in the prevention and treatment of cardiovascular dis-
eases. The anti-inflammatory effect of flavonoids can be
used to prevent and treat CVDs found in fruits, vege-
tables, grains, bark, flowers, and tea (Choy et al., 2019;
Mozaffarian and Wu, 2018). Licorice contains multiple
flavonoids, which possess a variety of biological activities.
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(A) (B)

(©) (D)

Figure 4. Morphological analysis of myocardial tissue stained with HE (x100). (A) Sham group. (B) Model group. (C) Captopril
group. (D) Liquiritin group.

Figure 5. The Masson results of myocardium in different groups (x100). (A) Sham group. (B) Model group. (C) Captopril group.
(D) Liquiritin group.
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Figure 6. Effect of liquiritin on the expression of TLR4, MyD88, and NF-kB p65. The values were expressed as the meantSD
(n=3),*P <0.05, **P < 0.01, versus Sham group; *P < 0.01, #P < 0.01, versus Model group.

Among them, liquiritin is a major constituent of Licorice,
and it possesses anti-inflammatory activity. Liquiritin
was effective in the inflammatory response to fructose
stimulation in vitro, which can significantly reduce the
release of inflammatory factors and NF-kB phosphor-
ylation by inhibiting the IKKa/IkBa signaling pathway
(Zhang et al., 2016). Liquiritin can also significantly
reduce the death rate of H9¢2 cells after hypoxia/reoxy-
genation damage, increase the mitochondrial mass, and
decrease the level of reactive oxygen species, and mito-
chondrial Ca?* level (Thu et al., 2021). The results of in
vitro and in vivo experiments show that liquiritin can act
as an agonist of AMP-activated protein kinase (AMPK),
mainly because liquiritin can enhance the phosphory-
lation of AMPKa2 and decrease the phosphorylation of
mTORC], IkBa, and NF«kB/p65 (Mou et al., 2021).

In our study, liquiritin could increase the levels of LVSP,
+dp/dtmax, and -dp/dtmax; reduce the level of LVEDP;
and improve morphological changes through HE, and
Masson staining, which showed that liquiritin has a
good protective effect on AMI. Numerous studies have
shown that TLR4 activates the expression of several
pro-inflammatory cytokine genes that play a key role
in myocardial inflammation, especially in myocarditis,
myocardial infarction, ischemia-reperfusion injury, and
heart failure (Hally et al., 2017). Specifically, after TLR4

is stimulated by inflammatory signals, MyD88 binds to the
cytoplasmic domain of TLR4 and activates IKK. Activated
IKK kinase leads to phosphorylation and degradation of
IkB in the proteasome, and NF-«B is then released from
the NF-kB complex and transported to the nucleus, result-
ing in gene expression of pro-inflammatory cytokines
(Yang et al., 2016). Activation of TLR4/MyD88 signaling
pathway leads to direct activation of NF-kB and promotes
secretion of pro-inflammatory cytokines. In this study,
liquiritin decreased the expression of TLR4, MyD88, and
NF-«B p65 proteins, suggesting that liquiritin inhibited
AMI through TLR4/MyD88/NF-«B signaling pathway.

However, the current study has several limitations. First
of all, this study only adopted an in vivo experiment, with-
out further verification by an in vitro cell experiment.
Secondly, this study lacked the use of TLR4 inhibitor, so
as to better explore the mechanism of action of liquiritin
on AML

Conclusion

In conclusion, molecular docking combined with in vivo
evaluation showed that liquiritin has a cardioprotective
effect on AMI model rats by inhibiting the TLR4/MyD88/
NF-kB signaling pathway. This pathway may be a new
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potential therapeutic target of liquiritin in the treatment
of AMI, and these properties of liquiritin can be further
explored to develop viable anti-AMI agents.
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Abstract

The creation of new emulsion-based food products has great potential for the food industry at the present stage of
its development. The purpose of the paper is to explore the physical and chemical characteristics (content of fatty
acids and tocopherols) of nine mixtures (blends) of conventional and unconventional vegetable oils with regard
to the changes in the peroxide values of the oil blends stored under different temperatures for different periods.
The study was conducted in 2020 in Almaty (Kazakhstan). Nine vegetable oil blends were prepared by mixing
conventional and unconventional ingredients. Each of the resulting blends was tested in 30 replicates for the con-
tent of fatty acids (oleic, linoleic, and linolenic acids) and tocopherols. The blends were stored at 10°C and 20°C.
Samples were taken to determine peroxide values. The results were compared to the control (refined sunflower
oil). In all nine blends, the optimal ratio of the evaluated fatty acids and the optimal concentration of tocopherols
were confirmed. After 6 months of storage, the peroxide values of blend No. 1 stored at 10°C and 20°C were 3 and
6, respectively. Blend No. 2 stored for the same period at the same temperatures demonstrated the respective per-
oxide values of 2.5 and 4.5. For blend No. 3, the respective values obtained were 2.5 and 5.5, and for blend No. 4,
the respective values were 3.0 and 6.5. The most drastic changes were observed in blend No. 5, with respective
peroxide values of 2.5 and 7.2. The respective peroxide values of blend No. 6 were 3.7 and 5.5, blend No. 7, 3.5 and
7.0, blend No. 8, 4.0 and 6.5, and blend No. 9, .5 and 5.5. All in all, the peroxide values of the nine tested blends
were significantly lower than those of the control (p < 0.05—0.01). The proposed nine blends can be used as food
additives exhibiting biological activities. After 6 months of storage, the minimal changes in the peroxide values
were observed in blend Nos. 2 and 3, while the maximum changes were reported for blend Nos. 5, 7, and 8. In the
future, an investigation of the therapeutic effects of the obtained blends should be undertaken, with a focus on
possible adverse heating-induced changes in some components (flaxseed oil).

Keywords: blends; food additives; peroxide value; storage temperature conditions

Introduction in the United States, the increase in the consumption of

special-purpose fat products exceeds the overall food
Functional foods make up a significant part of modern production growth. The use of functional food prod-
diet. These data are supported by the global trend toward ucts is primarily promoted by the studies concerning the
consumption of functional foods. This trend is predomi- structure of modern diet. People want to benefit from the
nantly observed in the developed countries. For example, declared properties of functional foods, which include
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stabilization of metabolic processes in the body and main-
taining the normal functions of the immune, nervous, and
endocrine systems (Truzzi et al., 2021). Among modern
functional fatty products, a focus of the food industry is
on the development of mayonnaise, various fat pastes, and
creams (Khudzaifi et al., 2019). Inevitably, manufacturers
introduce into their products some additives that are typ-
ical for certain regions of the planet, taking into account
the preferences of the local population. Plant and ani-
mal products are often combined. A variety of sources
are available due to various flavors rather than spices,
as the latter are added only in small quantities. Fat and
water-soluble vitamins and dietary fibers contribute to the
taste and texture of the finished fatty products (Marchetti
et al., 2019). The mixtures obtained in this experiment can
be used as an alternative to sunflower or olive oil, which
are widely used globally. One important and urgent task
to be undertaken in the nearest future is to reduce the
calorie content of functional food products that are being
developed. Of note, the average dietary intake of fat is 35%
of total calories. Therefore, the fat content of food is often
reduced so that it falls within the range of 5-25%. This
determines the relevance of developing new formulations
of functional food products containing fat emulsions. The
ultimate goal of developing functional emulsion-based
food products is to make them appropriate for consump-
tion by people of different age groups.

In order to work properly, the human body needs fatty
acids (in particular, linoleic, arachidonic, and lino-
lenic acids). In most cases, this need is met in the diet
by including various vegetable oils made from con-
ventional forage crops (sunflower, corn, soybeans, and
olive; Cerceau et al., 2020). However, in addition to the
conventional vegetable oils, oils are also extracted from
unconventional crops, which have not been widely used
in the food industry. This refers to the oils obtained from
the processing of cereals, fruits, seeds, and nuts. Wheat
germ oil and oils extracted from other cereals are of spe-
cial importance. These unconventional oils are rich in
linolenic, hexaenoic, pentaenoic, and other fatty acids,
which are vital for the human body (Vargas Jentzsch
et al., 2018). The optimal ratio of ®-6 and ©-3 fatty acids
that constitutes the oil is 10:1. The role of fatty acids (e.g.,
linoleic and linolenic acids) is crucial, since they form
important components of cell membranes, participate
in hormone synthesis, regulate cellular metabolic pro-
cesses, maintain normal blood pressure, remove excess
cholesterol from the body, and improve the elasticity of
blood vessels. Since these acids are not produced in the
human body (Bulat and Volkov, 2016), they are consid-
ered essential (Juliani et al., 2006). As for arachidonic
acid, its synthesis involves linoleic acid and vitamin B..
An insufficient intake of these acids from food sources
triggers cardiovascular diseases and activates patho-
logical processes in cell membranes. Linoleic acid and

its derivatives inhibit platelet aggregation, reduce the
levels of cholesterol, blood pressure, and the amount of
low-density lipoproteins that are harmful to the body.
Interestingly, the smallest quantities of linolenic acid are
found in the body of infants and senior people.

Thus, fatty acids and phospholipids are one of the most
important compounds required by the human body for
forming cell membranes and maintaining the normal
functioning of the immune system. In this regard, it is
very important to look for new, unconventional ingre-
dients that may be incorporated into emulsion-based
food products (Safonov, 2022). Unfortunately, there are
very few papers covering the topic, and this fact deter-
mines the relevance of this study. Most of the available
papers have considered generally the effect produced by
a single unconventional ingredient. This paper describes
nine different blends containing unconventional ingredi-
ents. The authors assumed that the physical and chemical
properties of the experimental blends would be at least
non-inferior to those of conventional emulsion-based
food products (with shelf life being equivalent or longer).

The purpose of the study was to explore the physical and
chemical properties of new blends of refined vegetable
oils that could be used in the production of functional
emulsion-based food products, subject to the shelf life of
obtained blends. The objectives of the study include the
following: (a) to prepare the blends of refined vegetable
oils for producing functional emulsion-based food prod-
ucts; (b) to explore their physical and chemical properties
(fatty acid profile and tocopherols); and (c) to determine
the shelf life of the obtained blends.

Materials and Methods
Methods

The study was conducted in 2020 in Almaty (Kazakhstan).
The formulations presented in this paper used both vege-
table oils obtained from conventional sources (sunflower,
soybeans, and corn; refined oils were used) and unconven-
tional vegetable oils. Unconventional oils were extracted
by oil seed pressing and purified by separation of plant
residues. Refined vegetable oils derived from conventional
sources were mixed with different amounts of unconven-
tional oils. Thus, the mixtures were obtained that could be
suitable for the preparation of oil-in-water emulsions.

The blends intended for fat emulsions were prepared
using the ingredients shown in Table 1.

The content of fatty acids in the blends and oils
under investigation was determined according to the
GOsudarstvennyy STandart (GOST) 30418-96 (Vegetable
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Table 1. Composition of the vegetable oil blends under investigation.
Amount of oils as related to the
Blend No. Oils used for blend recipe Blend ratio of oils total volume of fat emulsion
1 Sunflower, soybean, and flaxseed oils 20:15:10 45
2 Sunflower and pumpkin seeds oils 35:15 50
3 Sunflower, corn, and sea buckthorn oils 30:15:10 59)
4 Sunflower, wheat germ, barley, and sea buckthorn oils 5:10:5:10 30
5 Sunflower, millet seed, walnut, and apricot kernel oils 10:15:5:5 35
6 Sunflower, rapeseed, tomato seed, oat, and plum kernel oils 8:8:8:8:8 40
7 Sunflower, sesame, lupine, rye, and flaxseed oil 10:5:5:5:5 45
8 Sunflower, mustard, cherry, buckwheat, and rice oils 10:10:10:10:10 50
9 Olive, wheat germ, barley germ, rosehip, and chestnut oils 15:15:15:5:5 55)

oils. Method for determination of fatty acid content). For
this, the capillary column gas chromatography method
was applied. The researchers used polar columns Zebron
ZB-50 with the column length of 30 m and internal diam-
eter of 0.32 mm. The peaks were identified by comparing
the chromatograms obtained for the analyzed blends and
a mixture of fatty acid methyl esters as standards. Graphs
of the peaks observed were plotted separately for saturated
and unsaturated fatty acids. To build all straight lines, the
investigators proceeded from the fact that 2—3 points were
required for saturated fatty acids and only 1-2 points for
unsaturated ones. The volume of each sample was 1 mm?
of hexane solution containing fatty acid methyl esters.

Study design

The study consisted of two parts. In the first part, the
researchers assessed the fatty acid profiles of vegetable
oils (i.e., measured the levels of oleic, linoleic, and lino-
lenic acids) and quantified the content of tocopherol. The
second part of the study highlighted the changes in the
stability of the tested oil blends observed at different time
points of the storage period (time interval from the begin-
ning of the experiment to 6 months of the experiment).
The peroxide value was chosen as the tested parameter.
The storage temperatures were 10°C and 20°C. These tem-
perature regimes were convenient for comparing the sta-
bility of the experimental blends at different time points
of the storage period. The study followed international
standards applicable to scientific research. It intended to
develop effective blends of vegetable oils using conven-
tional and nonconventional ingredients for their subse-
quent testing and use asemulsion-based food products.

Statistical analysis

In order to analyze statistical differences, the Statistica
program (version 10) was used. Arithmetic mean values
were calculated for each of the tested parameters (the

content of fatty acids and other components). For each
comparison, the sample size of 30 was used. Differences
were identified using Student’s ¢-test. The level of signifi-
cance was set at p < 0.05.

Results

The studied blends were found to contain different
amounts of fatty acids. In blend No. 1, soybean and flax-
seed oils were 0.5 times inferior to sunflower oil in terms
of oleic acid content (p < 0.05), and flaxseed oil was twice
inferior to soybean and sunflower oils (p < 0.01), the
content of linolenic acid in flaxseed oil was seven times
higher than in soybean oil (p < 0.001) and more than 100
times higher than in sunflower oil (p < 0.0001). Soybean
oil had a slightly higher content of tocopherols as com-
pared to the other two oils (Table 2).

In blend No. 2, the content of oleic acid in sunflower oil
was 0.5 times higher than in pumpkin seed oil (p < 0.05),
with no significant differences in the content of linoleic
acid (p > 0.05). Pumpkin seed oil had 16 times higher
content of linolenic acid (p < 0.001). There were more
tocopherols in sunflower oil (p <0.05).

In blend No. 3, sea buckthorn oil had the highest con-
tent of oleic acid. The levels of oleic acid determined in
sea buckthorn oil were 1.5-2.0 times higher than in sun-
flower and corn oils (p < 0.05). Corn and sunflower oils
had the highest content of linoleic acid as compared to
the other oils used in the blend (p < 0.05). Corn oil had
the highest content of linolenic acid (p < 0.01). The con-
tent of tocopherols in sunflower oil was twice lower than
in sea buckthorn and corn oils (p < 0.05).

In blend No. 4, oleic acid was found in abundance in sea
buckthorn oil, with twice less of it found in sunflower oil
(p £0.05), and four times less of it found in wheat germ
and barley oils (p < 0.01). In terms of the content of lin-
oleic acid, wheat germ and barley oils were not inferior
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Table 2. Content of fatty acids and tocopherols in oils used for the blends under investigation.

Blend no. Oils used for the blend recipe Oleic acid (%) Linoleic acid (%) Linolenic acid (%) Tocopherols (mg)
1 Soybean oil 25 52 8 160
Flaxseed oil 28 20 57 113
Sunflower oil 36 56 0.5 116
2 Sunflower oil 36 56 0.5 116
Pumpkin seed oil 26 55 8 86
3 Sea buckthorn oil 63 38 0.1 250
Sunflower oil 36 56 0.5 116
Corn oil 48 56 0.8 247
4 Sea buckthorn oil 63 38 0.1 250
Sunflower oil 36 56 0.5 116
Wheat germ oil 14 59 45 140
Barley oil 16 56 5.6 100
0 Sunflower oil 36 55 0.5 116
Millet seed oil 27 67 10 96
Walnut oil 35 83 15 52
Apricot kernel oil 79 32 1.5 78
6 Sunflower oil 36 55 0.5 116
Rapeseed oil 44 42 1 65
Tomato oil 30 62 25 127
Oat oil 41 43 2 75
Plum kernel oil 72 25 0.5 130
7 Sunflower oil 36 55 0.5 116
Sesame oil 48 55 3 144
Lupine oil 55 23 8 2
Rye oil 17 68 12 91
Flaxseed oil 28 20 57 113
8 Sunflower oil 36 55 0.5 116
Mustard oil 31 24 18 110
Cherry oil 50 42 10 10
Buckwheat oil 40 39 4 50
Rice oil 43 53 4 110
9 Olive oil 80 22 25 90
Wheat germ oil 13 65 515 480
Chestnut oil 72 30 2 78
Rosehip oil 55 30 2 260
Barley oil 16 58 7 98

to sunflower oil (p > 0.05), with the levels of linoleic acid
in wheat germ and barley oils being twice higher than
those in sea buckthorn oil (p < 0.05). Wheat and barley
oils contained 8—10 times more linolenic acid than found
in sunflower oil (p < 0.01) and 40-50 times more linole-
nic acid than in sea buckthorn oil (p < 0.0001). Sea buck-
thorn oil contained twice more tocopherols than found
in the rest of oils making up the blend (p < 0.05).

In blend No. 5, apricot oil contained twice more oleic acid
than in the other oils (p < 0.05). The content of linoleic
acid in walnut oil was 83%. The levels of linoleic acid in

walnut oil exceeded by 2.5 times that determined in apri-
cot oil (p £0.05) and by 1.5 times than that determined
in millet seed and sunflower oils (p < 0.05). Maximum
content of linolenic acid was observed in walnut oil, fol-
lowed by millet seed oil (p < 0.05), but 7-20 times less
linolenic acid was found in the rest of oils (p < 0.001). All
oils exhibited lower content of tocopherols as compared
to sunflower oil (p <0.05).

In blend No. 6, oleic acid accounted for 72% of the fatty
acid composition of plum oil. There was 1.5-2.0 times
less oleic acid in rest of the oils added to the blend
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(p < 0.05). Linoleic acid was found in abundance in
tomato oil, thrice less abundant in plum oil (p < 0.01),
and 1.5 times less abundant in the rest of the analyzed
oils. The maximum content of linolenic acid was reported
in rapeseed oil (11%), with its content being 5-20 times
lower in the other oils making up the blend (p < 0.01).
The content of tocopherols in plum and tomato oils
was slightly higher than in sunflower oil (p < 0.05). Oat
and rapeseed oils contained twice less tocopherols than
found in plum and tomato oils (p < 0.05).

In blend No. 7, the maximum amount of oleic acid was
observed in lupine oil, 0.5-1.5 times less oleic acid was
found in sesame, sunflower, and flaxseed oils (p < 0.05),
and the minimum amount of oleic acid was observed in
rye oil (p < 0.01). The content of linoleic acid was maxi-
mum in rye, sesame, and sunflower oils, with twice less of
it detected in lupine and flaxseed oils (p < 0.05). Flaxseed
oil was richest in linolenic acid. The content of linolenic
acid was 5 times lower in rye oil (p <0.01), 7 times lower
in lupine oil (< 0.01), and 20 times lower in sesame oil
(p £0.001). The minimum content of linolenic acid was
reported for sunflower oil (p < 0.0001) in comparison
to its content in flaxseed oil. Tocopherols were found
in abundance in sesame oil, with the minimum levels
observed in lupine oil (p < 0.00001).

In blend No. 8, the highest content of oleic acid was the
characteristic for cherry oil, while the other oils con-
tained 0.3-0.5 times less oleic acid (p < 0.05). Linoleic
acid was in abundance in sunflower and rice oils. The
other oils making up the blend were 0.5 times (buck-
wheat and cherry oils) and twice (mustard oil) inferior to
sunflower and rice oils in terms of the content of linoleic
acid (p £ 0.05). Levels of linolenic acid were maximum
in mustard oil, twice lower in cherry oil (p < 0.05), and
four times lower in buckwheat and rice oils (p < 0.01).
The minimum content of linolenic acid was observed
in sunflower oil (p < 0.001). The content of tocopherols
was maximum in rice, sunflower, and mustard oils, twice
lower in buckwheat oil (p < 0.05), and 10 times lower in
cherry oil (p <0.01).

In blend No. 9, the highest content of oleic acid was
reported for olive oil. Slightly lower level of oleic acid was
revealed in chestnut oil (p < 0.05), 1.5 times less oleic acid
was detected in rosehip oil (p <0.05), and seven times less
in barley and wheat germ oils (p < 0.01). The maximum
amount of linoleic acid was found in wheat germ and bar-
ley oils and the minimum amount was found in chestnut,
rosehip, and olive oils (p < 0.05). Maximum linolenic acid
was found in wheat germ and barley oils, with the other
oils being twice inferior to wheat germ and barley oils
regarding content of linolenic acid (p < 0.05). The maxi-
mum content of tocopherols was documented for wheat
germ oil, twice less tocopherols were quantified in rosehip
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oil (p £0.05), and four times less tocopherols were quanti-
fied in the rest of oils making up the blend (p < 0.01).

The qualitative parameters of oil mixtures are shown in
Figures 1-5. In each of these figures, the curves corre-
sponding to numbers 3 and 4 reflect the changes observed
in the control sample (refined sunflower oil) stored at 20°C
and 10°C. The analysis demonstrated that the peroxide
values of all nine oil blends prepared by the researches
increased insignificantly even after 3 months of storage.
Following 6 months of storage, the maximum peroxide
value obtained was 7.2 mmol of active oxygen (% O) per
kg of oil blend. This variable was identified for blend No. 5.

The results of statistical analysis of changes in peroxide
values are presented in Table 3.

After 6 months of storage, the peroxide values of blend
No. 1 stored at 10°C and 20°C were 3 and 6, respectively
(Figure 1A). Blend No. 2 stored for the same period under
the same temperature conditions demonstrated the per-
oxide values of 2.5 and 4.5, respectively (Figure 1B). For
blend No. 3, the respective values obtained were 2.5
and 5.5 (Figure 2A), for blend No. 4, the respective val-
ues were 3.0 and 6.5 (Figure 2B). The changes were more
drastic in blend No. 5, with respective peroxide values of
2.5 and 7.2 (Figure 3A). The respective peroxide values
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Figure 1. Peroxide values of (A) blend No. 1, and (B) blend
No. 2. Note: Curves 3 and 4 reflect the values obtained for the
control sample. Curves 1 and 2 correspond to the experimen-
tal blends stored at 10°C and 20°C, respectively.
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Figure 2. Peroxide values of (A) blend No. 3, and (B) blend
No. 4. Note: Curves 3 and 4 reflect the values obtained for the
control sample. Curves 1 and 2 correspond to the experimen-
tal blends stored at 10°C and 20°C, respectively.

of blend No. 6 were 3.7 and 5.5 (Figure 3B), for blend
No. 7 3.5 and 7.0 (Figure 4A), for blend No. 8 4.0 and 6.5
(Figure 4B), and for blend No. 9 4.5 and 5.5 (Figure 5).
In all cases, the peroxide values of analyzed blends were
significantly lower than the peroxide values of control
(p £0.05).

Discussion

The results presented in this article indicate that the
proposed blends of different vegetable oils have a much
longer shelf life as compared to the control sample of
sunflower oil. This is confirmed by the fact that perox-
ide values of the prepared oil blends kept under differ-
ent storage conditions increased by 0.5-2.0 times slower
than the peroxide value of the control sample. A range of
theoretical and practical studies established that blend-
ing of conventional and unconventional vegetable oils
not only increases their shelf life but also provides the
optimal balance of the three main fatty acids required
for functioning of the body: oleic, linoleic, and linolenic
acids (Samburova et al., 2022). Kinetic dependencies sig-
naled that the proposed blends have a longer shelf life
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Figure 3. Peroxide values of (A) blend No. 5, and (B) blend

No. 6. Note: Curves 3 and 4 reflect the values obtained for the
control sample. Curves 1 and 2 correspond to the experimen-
tal blends stored at 10°C and 20°C, respectively.

and are less susceptible to oxidative processes than the
control sample.

Vegetable oils have been studied quite well. They are
characterized by the basic ratio of fatty acids (Papotti
et al., 2015). However, most nutritionists favor the use
olive and flaxseed oils. Corn, sunflower, and cottonseed
oils are claimed to have benefits if used from time to time
(Marchetti et al., 2019; Popescu et al., 2015). Ingredients
that are typically present in oil mixtures (blends) are
sunflower, soy, and flax (Vigli et al., 2003). All of these
were used in the proposed nine blends. It must be
remembered that some reports support the use of flax-
seed oil blends in a cold form, since flaxseed oil gives off
a rather specific smell when exposed to heat (Ventsova
and Safonov, 2021). Hence, the content of flaxseed oil in
a blend should not exceed 5% (Marchetti et al., 2019).
The blends offered by different studies meet the above
requirement and are recommended for consumption in
a cold form. Some authors have observed that flaxseed
oil is instable (Raveau et al., 2020). They claim that addi-
tional protective measures must be taken to compensate
for the rancidity of flaxseed oil. Nevertheless, stabil-
ity of the oil blends used in this experiment has been
demonstrated.
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Figure 4. Peroxide values of (A) blend No. 7, and (B) blend
No. 8. Note: Curves 3 and 4 reflect the values obtained for the
control sample. Curves 1 and 2 correspond to the experimen-
tal blends stored at 10°C and 20°C, respectively.
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Figure 5. Peroxide value of blend No. 9. Note: Curves 3 and
4 reflect the values obtained for the control sample. Curves
1 and 2 correspond to the experimental blend stored at 10°C
and 20°C, respectively.

In addition, oils extracted from unconventional sources,
such as pumpkin, watermelon, amaranth, and wheat, are
being used more extensively. These types of oils have not
only high nutritional value but also an apparent thera-
peutic effect (Orsavova et al., 2015). Moreover, there is a
gradual increase in the production volumes of camelina
and hemp oils, both rich in linolenic acid.

The blends described in the article organically combine
three essential fatty acids. Quite often, blends are made
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Significance
of
differences
for 6-month
storage
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05

After 6
months
of
storage
at 20°C
5.8
4.5
5.8
6.9

7
55
7
6.5
5.9

Experiment

months
of

storage

at10°C
25
2.5
815
35
39

After 6

After 6
months
of
storage
at 20°C
10
10
10
10
10
10
10
10
10

Control

After 6
months of
storage at

10°C
8
8
8
8
8
8
8
8
8

Significance
of differences
for 3-month
storage
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05

After 3
months
of stor-
age at
20°C
1.6
2.2
2.8
2.7
85
2.9
37
3.2

Experiment

1.2
1.1
2.2
2.2

months
of

storage

at10°C
1.1
3.2
2.7
3.1
3.1

After 3

After 3
months
of
storage
at 20°C
4
4
4
4
4
4
4
4
4

Control

After 3
months
of
storage
at10°C
3
3
3
3
3
3
3
3
3

At the
beginning
of the
experiment
15

Blend
n
1
2
3
4
5
6
7
8
9

Table 3. Changes in peroxide values calculated for the nine blends and control sample stored for different periods under different temperatures.
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from sunflower and camelina oils. The grassy taste asso-
ciated with camelina oil becomes milder if its content in
the oil blend is limited to 15-30%.

Wheat germ oil is often used in blends because of hav-
ing a high content of tocopherols (Rueda et al., 2014). To
clarify, the content of tocopherols in different compo-
nents of the blends is one of the aspects considered in
this paper. It should be mentioned that wheat germ oil
is added to blends only in small amounts ranging from
1% to 5%, as it is quite expensive. An effective market-
ing approach is labeling of therapeutic effects of wheat
germ oil used as a blend component. Some blends con-
tain pumpkin seed oil and other oils of unconventional
origin (such as sea buckthorn, apricot, and hazelnut oils;
Vigli et al., 2003). Most of the mentioned unconventional
vegetable oils presented in this paper are components of
the analyzed blends.

Limitations of this study are associated with the small-
scale production of the proposed unconventional oils.
This means that production of blends based on these
types of oils cannot be started and boosted immedi-
ately. Further research is required focusing mainly on
the development of methods of production increase and
investigation of therapeutic effects of unconventional
vegetable oils. At this stage, the proposed blends can be
used as biologically active food additives.

Conclusions

Following an analysis of the obtained graphical models
of dependencies, the researchers revealed that all nine oil
blends demonstrated a slight increase in peroxide value
after being stored for 3 months. Following 6 months of
storage, the maximum peroxide value was confirmed for
blend No. 5 (7.2 mmol of active oxygen/kg of oil blend).
The obtained results established that the quality of exper-
imental blends improved as compared to sunflower
oil. These findings justify the use of these blends as a
source of fats in the production of emulsion-based food
products.

Owing to theoretical and experimental studies, scientific
basis has been provided for obtaining the fatty phase of
emulsion-based food products by using blends having
optimal amounts of conventional and unconventional
vegetable oils. This approach allows enriching the fatty
acid composition of emulsion-based food products.

Appropriate criteria have been formulated to evaluate
the effects of fatty acid profile on the biological and nutri-
tional values of emulsion-based food products. Besides,
respective dependences have been revealed that are valu-
able from the practical point of view.

Optimal storage conditions and shelf life were deter-
mined based on the kinetics of oxidative processes
occurring in the developed blends of vegetable oils and
emulsion-based food products.

Acknowledgments

This article is written in the framework of the scien-
tific work on “Development of the technology of fat
products with a balanced fatty acid composition” IRN
AP08053397. The authors express their gratitude to the
anonymous reviewer for the recommendations and com-
ments that improved the quality of the article.

Conflict of Interest

The authors declared no potential conflict of interest
with respect to the research, authorship, and/or publica-
tion of this article.

Funding

The authors received no financial support for the
research, authorship, and/or publication of this article.

Data Availability

Data will be available on request.

References

Bulat PV. and Volkov K.N. 2016. Detonation jet engine. Part II—
construction features. Int ] Environ Sci Educ. 11(12): 5020-5033.

Cerceau C.L, Barbosa L.C., Alvarenga E.S., Maltha C.R. and Ismail
EM. 2020. IH-NMR and GC for detection of adulteration in
commercial essential oils of Cymbopogon ssp. Phytochem Anal.
31(1): 88-97. https://doi.org/10.1002/pca.2869

Juliani H.R., Kapteyn J., Jones D., Koroch A.R., Wang M., Charles D.
and Simon J.E. 2006. Application of near-infrared spectroscopy
in quality control and determination of adulteration of African
essential oils. Phytochem Anal. 17(2): 121-128. https://doi.
org/10.1002/pca.895

Khudzaifi M., Retno S.S. and Rohman A. 2019. The employment
of FTIR spectroscopy and chemometrics for authentication of
essential oil of Curcuma mangga from candle nut oil. Food Res.
4(2): 515-521. https://doi.org/10.26656/fr.2017.4(2).313

Marchetti L., Pellati F, Benvenuti S. and Bertelli D. 2019. Use of IH NMR
to detect the percentage of pure fruit juices in blends. Molecules.
24(14): 2592. https://doi.org/10.3390/molecules24142592

Orsavova J., Misurcova L., Ambrozova J.V,, Vicha R. and Mlcek J.
2015. Fatty acids composition of vegetable oils and its

96

ltalian Journal of Food Science, 2022; 34 (2)



contribution to dietary energy intake and dependence of cardio-
vascular mortality on dietary intake of fatty acids. Int ] Mol Sci.
16(6): 12871-12890. https://doi.org/10.3390/ijms160612871.

Papotti G., Bertelli D., Graziosi R., Maietti A., Tedeschi P,
Marchetti A. and Plessi M. 2015. Traditional balsamic vinegar
and balsamic vinegar of Modena analyzed by nuclear mag-
netic resonance spectroscopy coupled with multivariate data
analysis. LW T—Food Sci Tech. 60(2): 1017-1024. https://doi.
org/10.1016/j.1wt.2014.10.042

Popescu R., Costinel D., Dinca O.R., Marinescu A., Stefanescu I. and
Ionete R.E. 2015. Discrimination of vegetable oils using NMR
spectroscopy and chemometrics. Food Control. 48: 84-90.
https://doi.org/10.1016/j.foodcont.2014.04.046

Raveau R., Fontaine J. and Lounés-Hadj Sahraoui A. 2020. Essential
oils as potential alternative bio-control products against plant
pathogens and weeds: a review. Foods. 9(3): 365. https://doi.
org/10.3390/foods9030365

Rueda A., Seiquer L, Olalla M., Giménez R., Lara L. and Cabrera-
Vique C. 2014. Characterization of fatty acid profile of argan
oil and other edible vegetable oils by gas chromatography
and discriminant analysis. ] Chem. 2014: 843908. https://doi.
org/10.1155/2014/843908

Safonov V. 2022. Comparison of LPO-AOS indices and biochemical
composition of animal blood in biogeochemical provinces with

Fatty Acid Profile of Functional Emulsion-Based Food Products

different levels of selenium. Biol Trace Elem Res. 200: 2055—
2061. https://doi.org/10.1007/s12011-021-02825-9.

Samburova M., Safonov V. and Avdushko S. 2022. Ecological and
biological features of the primrose distribution in Transbaikalia
as the model territory of Eastern Siberia. Bot Rev. 88: 50-62.
https://doi.org/10.1007/s12229-021-09264-0

Truzzi E., Marchetti L., Benvenuti S., Ferroni A., Rossi M.C. and
Bertelli D. 2021. Novel strategy for the recognition of adulterant
vegetable oils in essential oils commonly used in food industries
by applying 13C NMR spectroscopy. ] Agric Food Chem. 69(29):
8276-8286. https://doi.org/10.1021/acs.jafc.1c02279.

Vargas Jentzsch P, Gualpa F, Ramos L.A. and Ciobota V. 2018.
Adulteration of clove essential oil: detection using a handheld
Raman spectrometer. Flavour Fragr J. 33(2): 184—190. https://
doi.org/10.1002/11).3438

Ventsova I. and Safonov V. 2021. Biochemical screening of lipid per-
oxidation and antioxidant protection in imported cows during
adaptation. Adv Anim Vet Sci. 9(8): 1203—1210. http://doi.org/
10.17582/journal.aavs/2021/9.8.1203.1210

Vigli G., Philippidis A., Spyros A. and Dais P. 2003. Classification of
edible oils by employing 31P and 1H NMR spectroscopy in com-
bination with multivariate statistical analysis. A proposal for the
detection of seed oil adulteration in virgin olive oils. ] Agric Food
Chem. 51(19): 5715-5722. https://doi.org/10.1021/jf030100z.

Italian Journal of Food Science, 2022; 34 (2)

97



Italian Journal of Food Science, 2022; 34 (2): 96-109

Wine recommendation algorithm based on partitioning and stacking integration strategy for

Chinese wine consumers

Weisong Mu, Yumeng Feng, Haojie Shu, Bo Wang, Dong Tian*
College of Information and Electrical Engineering, China Agricultural University, Beijing 100083, PR. China

*Corresponding Author: Dong Tian, College of Information and Electrical Engineering, China Agricultural University,
Beijing 100083, P.R. China. Email: td_tiandong@cau.edu.cn

Received: 6 April 2022; Accepted: 10 June 2022; Published: 28 June 2022
© 2022 Codon Publications

OPEN ACCESS |(<)(D®O

PAPER

Abstract

This study tries to propose a wine recommendation algorithm based on partitioning and Stacking Integration
Strategy for Chinese wine consumers. The approaches follow the idea of partitioning, decomposing traditional
recommendation task into several subtasks according to wine attributes, using neural network, support vector
machine (SVM), decision tree, random forest, optimized random forest, Adaboost and XGBoost as recommenda-
tion models. Then, based on Stacking integration method, five models are screened out for each recommendation
index as the base classifier, and the decision tree or logistic regression model is selected as the meta-learner to
construct a two-layer Stacking integration framework. Finally, the optimal recommendation algorithm be built for
recommendation subtasks according to the prediction accuracy. The result showed that the Stacking integrated
recommendation model was suitable for the recommendation of eight attributes including colour, sweetness,
foamability, mouthfeel, aroma type, year, packaging and brand, while SVM model was suitable to recommend
aroma concentration and price, and the XGboost model was most appropriate for origin. This study would sub-
serve consumers to choose the wine more easily and conveniently and provide support for wine companies to
improve customer satisfaction with consumer services. The study expands the approach of concerning research
and proposes a specific multi-model recommendation strategy based on artificial intelligence models to recom-
mend multiattribute commodities.

Keywords: Chinese consumers; machine learning; preference for wine attributes; Recommendation algorithm; Stacking
integration

Introduction

The development and application of big data analysis
technology play an important role in reducing operating
costs for businesses and accurately recommending prod-
ucts for customers. Due to the rich attributes and various
categories of wine, and indifference of wine knowledge
among Chinese consumers, there will be problems such
as indecision, time consumption and high cost of trial and
error when consumers purchase wine. Therefore, accurate
identification of customers’ wine drinking preferences

and making personalised recommendations are of great
significance to improving customer satisfaction and busi-
ness performance.

Recommendation algorithm can help users quickly and
accurately screen out the corresponding business infor-
mation from massive data without knowing their own
preferences (Liu et al., 2017). Traditionally, similarity
measurement and its variants are usually used to make
recommendations. With the emergence of machine
learning methods in the field of artificial intelligence,
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scholars have introduced machine learning technol-
ogy into recommendation algorithms (Zhang and Lei,
2021), which mainly focuses on using supervised learn-
ing algorithms to predict user preferences in different
fields (Portugal et al., 2018). A study in 2018 proposed
an innovative association classification method, which
mined demand satisfaction rules according to the feed-
back behaviour of users on the recommended products
by the system, with the aim of making recommendations
based on consumer initiative decision. However, there is
a problem of cold start of users, and this method is not
applicable when there is no interactive data of users on
wine purchase (Yin et al., 2018). Meng and Xiong (2021)
used Latent Dirichlet Allocation topic model to divide all
user—doctor history consultation text in online medical
community into different themes. Then, relevant thera-
pists for users were recommended by combining with the
implied disease information in the consultation text and
collaborative filtering framework. Compared with the tra-
ditional recommendation algorithm, the overall accuracy
has improved, whereas the applicable data type is only
unstructured text data. Most of the above-mentioned
studies used a single machine learning model and opti-
mized it to find out a better prediction result. Although
the prediction method of single model is relatively mature,
the generalisation ability still needs to be improved. In
addition, random factors will affect the model effect and
lead to low prediction accuracy (Xie et al., 2020).

In order to effectively reduce or offset the influence
of random factors and improve the prediction accu-
racy and credibility of the prediction model in a single
model, ensemble learning has become one of the hot
topics in machine learning (Hu et al., 2021). Ensemble
methods usually use multiple weak classifiers to form a
strong classifier algorithm to improve the classification
accuracy. Ensemble learning algorithms mainly include
Bagging (He et al., 2019), Boosting and Stacking algo-
rithms, among which Bagging and Boosting algorithms
can only integrate single learners of the same type
to reduce variance and deviation (Wang et al., 2019).
Different from the previous ideas, Stacking can integrate
many different types of learners, which can compensate
the weakness of single algorithm, enhance the generali-
sation ability, reduce the risk of overfitting, and improve
accuracy. Xie et al. (2020) put forward a Stacking frame-
work, which can realize the automatic classification of
six types of Anoectochilus roxburghii leaves. Considering
that the research object is image data with poor inter-
pretability, this method is not suitable for many mixed
data sets. Li and Zhai (2019) used Adaboost and random
forest as base classifiers of Stacking algorithm to pre-
dict and analyse the turnover factors of enterprise staff,
aiming at strengthening the management and control of
top managers on staffs. Tao et al. (2019) used the stack-
ing algorithm to classify the continued spectral series of

Wine recommendation algorithm

rape vegetation, and then embedded the algorithm into
unmanned aerial vehicle to distinguish different grow-
ing rapes accurately. Based on the interactive behaviour
data between users and retail products, Zhang and Lei
(2021) established a Stacking algorithm which combines
LightGBM, XGboost and random forest to predict the
possibility of buying by users in the future and the spe-
cific purchase time. However, new users who have not
generated behaviour are not considered, it could not
solve the cold start problem of new users. Based on the
above analysis, in most cases, the combined model has
better prediction performance than the single model.

Numerous studies have been conducted on the issue of
consumer preference on wine attributes in recent years,
which focus on attribute preference influencing factors
(Gustafson et al., 2016; Mehta and Bhanja, 2018; Szolnoki
and Hauck, 2020) and the actual impact on consumers
(Areta et al., 2017; Lee and Lee, 2008; Li et al., 2022).
Most of these studies use simple statistical methods or
single machine learning algorithms. For example, by
using a simple best—worst method, Stanco et al. (2020)
concluded that traditional attributes such as ‘geograph-
ical indications’ and ‘grape variety, influence consumer
purchase behaviour more than untraditional attributes
such as ‘alcohol-free wine’ and ‘vegan wine! Chu et al.
(2020) built a predictive model for Chinese wine con-
sumers’ sensory preferences based on multivariate disor-
der logistic regression method. On the other hand, using
simple logistic regression algorithm is one-sided in ana-
lysing the influence of consumers’ personal characteris-
tics on wine selection. Although there has been a great
deal of research into consumer preferences on wine, rec-
ommendation algorithms and personalised recommen-
dation strategies for wine are less researched and still
need further development.

In summary, considering the rich attributes and factors
on wine recommendation, and the immature research on
personalised recommendation strategy, this study first
decomposes the recommendation task of wine product
into several recommendation subtasks according to wine
attributes with the idea of divide and conquer. Based on
the discrete and classified data on wine consumers’ pref-
erences, decision tree, random forest, optimized random
forest, neural network, support vector machine (SVM),
Adaboost and XGBoost algorithms are used to train the
data of each recommendation subtask. The node parti-
tion of random forest has a significant effect on the clas-
sification performance of multi-classification attributes;
therefore, the node partition of random forest algorithm
is optimized by linear combination of information gain
rate and Gini coefficient, which is used as a recommen-
dation model. Further, the models with the top five accu-
racies are taken for Stacking integration, and the best
recommendation models of each subtask were screened
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out according to precision. Finally, these models are used
to determine which wine attributes can be recommended
to consumers, to establish a specific strategy for wine
recommendation.

Materials
Acquisition and preprocessing of data

Preliminary selection of wine recommendation subtasks and
independent variables

According to the sensory system of Chinese wine and
the research literature of wine field, this study used the
inherent wine attributes as recommended index, includ-
ing colour, sweetness, foamability, mouthfeel, price, con-
centration and type of aroma, year, origin, packaging and
brand of wine. The data types were all discrete. For the
convenience of subsequent calculation, the dependent
variables were coded by natural numbers according to
the specific labels in the recommended index. The inher-
ent attributes of wine applied in this study can be con-
cluded in Figure 1.

Scholars have shown that gender, age, education, occu-
pation, nationality, region and other factors (Capitello
et al., 2019; Pagan et al., 2021; Rodriguez-Donate et al.,
2021) affect consumers’ purchasing behaviour of wine.
The research by Cai et al. (2015) showed that people with
different eating habits have different degrees of aroma

Internal attributes of wine

Wine recommendation
|

External attributes of wine

Figure 1. Recommended index of wine.

recognition for wine, and this affect consumers’ purchase
to some extent. For wine, consumer’s characteristics is
a vital subdivision variable, and these variables interact
with each other to influence consumers’ purchase of
wine (Cai et al., 2015). Based on the synthesis of exist-
ing research literature, the factors influencing consum-
er’s purchase behaviour, that is, independent variables
proposed in this study, can be divided into the follow-
ing: personal characteristics, geographical location,
psychological and dietary. Among them, psychological
factors which affect consumers’ wine purchase include
the degree of influence of others, advertising, purchase
channels, magazines and promotions. The labels can
be divided into three categories: high, medium and low
influence. The data types of independent variables are all
discrete. For the convenience of subsequent calculation,
the labels of independent variables were coded by natural
numbers, which have been summarised in Table 1.

The data involved in this study originate from the survey
of National Grape Industry Technology System, based on
a questionnaire survey for Chinese wine drinkers, with
a total of 3421 samples collected from June to October
2020. The study was conducted by interviewing a con-
venient sample of general wine consumers over the age
of 18 (regulations indicate that alcohol operators are not
allowed to sell alcohol to minors, and ‘minors’ are defined
as natural persons under the age of 18). The participants
were invited through different information and social
media platforms (web links, WeChat, QQ app). The

Color

Sweetness

Foamability

Mouthfeel

Aroma concentration

Aroma type ' )

Price )

Year )

Origin -___:'
Packaging __-:'

Brand )
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Table 1.

Independent variables

Independent variables of wine recommendation.

Attribute value of independent variable

Wine recommendation algorithm

Attribute value after coding
by natural number

Gender Male, female

Age 18-25, 26-35, 36-45, 46-55, above 55

Education level

Below senior high school, High school or technical secondary school,

(1,2)
(1,2,3,4,5)
(1,2,3,4)

University or Junior college, Postgraduate or more

Occupation

Students, farmers, freelancers, retirees, employees of state-owned

(1,2,3,4,5,6,7,8,9)

enterprises, employees of private enterprises, party and government organs
and institutions, education and scientific research personnel, others

Monthly disposable income Under 5000, 5000-10,000, 10,000-15,000, above 15,000 (1,2,3,4)
Marital status Married, unmarried (1,2)
Number of families 3 orless, 4-7, more than 7 (1,2,3)
Nation Han, ethnic minorities (1,2)
Address East China, Northeast China, North China, Central China, South China, (1,2,3,4,5,6,7)
Northwest China, Southwest China
Cognitive level of wine High, medium, low (1,2,3)
Taste preference Light taste, heavy taste (1,2)
Eating preferences Sour, sweet, bitter, spicy (1,2,3,4)
Meat type White meat, red meat (1,2)
Meat preference Fat meet, lean meat (1,2)
Influence of others High, medium, low (1,2,3)
Influence of magazines High, medium, low (1,2,3)
Influence of advertisements High, medium, low (1,2,3)
Influence of promotions High, medium, low (1,2,3)
Influence of purchase channels ~ Supermarkets, stores, online stores and chateau (1,2,3,4)

Data collection

questionnaires were anonymous and distributed in pro-
portion to the population of each province in China. The
sample size obtained from the survey was able to cover
the main provincial divisions of China, and at the same
time, the sample size supported the operation of machine
learning algorithms, and all information collected was
used for the purpose of the study. Data preprocessing
mainly included optimization of outlier and processing
of missing values. Furthermore, after data cleaning, the
number of valid questionnaires was 3398.

Independent variables of wine recommendation subtasks
Correlation analysis and significance analysis of variables

1. Mutual information method

Mutual information is mainly used to judge the informa-
tion contributed by the appearance of one variable to the
appearance of another variable (Pascoal et al., 2017). The
result of mutual information method is called mutual
information value, abbreviated as MI. The value of MI
can reflect whether discrete variables are related or not,

and further, it can be used to realize data fusion. The for-
mula is shown in Equation (1):

16oy) = Zyeyzxexwx,y)log(mj &

p(x)p(y)

2. Gini coefficient method

Gini coefficient algorithm represents the interaction
between the independent variables and wine attributes
and judges the significance by the purity change after
splitting the attributes (Hao et al., 2021), and finally the
value of the importance of each independent variable can
be obtained. The formula is shown in Equation (2):

Gini(s) =1-)" p’ @)

Eventually independent variables used for recommendation
subtasks

In this study, there are 19 independent variables and 11
recommended indicators involved in correlation analysis.
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The threshold of MI is 0.01. If the absolute value of MI of
two variables is greater than or equal to the threshold, it
is considered that the two variables are related, and if the
value is less than the threshold, it is judged that the two
variables are not related. To further reduce the number of
independent variables, Gini coefficient and information
gain are used to analyse the importance of independent
variables of each recommended index, and finally the top
10 crucial independent variables of each recommended
index are obtained. The wine recommendation indicators
and the corresponding top 10 independent variables are
mentioned in Table 2.

Methodology

Prediction algorithms for wine consumers’ sensory attri-
bute preferences

The variables involved in wine recommendation index
are all discrete data with obvious labels. Because super-
vised classification algorithm can effectively solve such
problems, single hidden layer BP neural network algo-
rithm, SVM algorithm, decision tree algorithm, random
forest algorithm, Adaboost algorithm and Xgboost algo-
rithm are used in the selection of machine algorithms as
recommendation models. Table 3 introduces the pros
and cons of the selected algorithms for this study.

Random forest is a widely used and powerful classifi-
cation algorithm currently. Its construction process is
roughly as follows: firstly, build multiple decision trees,
secondly, use multiple decision trees to train samples,
and finally, predict the category of samples in a way that
the minority obeys the majority (Janitza et al., 2016).
Among them, the construction of decision tree is the
vital factor that determines the category of tested sam-
ples, and so how to accurately split the nodes is a crucial
factor to optimize the random forest. Each recommen-
dation subtask of this data has diverse attributes when
building a tree, and the number of classification catego-
ries is also varied, so the internal confusion of samples in
each subtasks is different. The tree-based models in ran-
dom forest algorithm involves an optimization problem
as to how to split the internal node in chaotic samples
and make the results accord with the actual situation.
It is necessary to optimize the node-splitting mode in
random forest algorithm because the traditional node-
splitting standard may cause inaccurate feature divi-
sion. The CART tree using the Gini coefficient is insuf-
ficient for the trend of node division in multi-classified
datasets, yet it has higher accuracy of node division for
purer datasets. ID3 tree using information gain is easier
to distinguish the value of features compared with Gini
coefficient when dealing with chaotic datasets, still infor-
mation gain is partial to the attributes with more values,
and as a result, multi-valued attributes are regarded as

Table 2. Recommended indicators of wine and corresponding independent variables.

Recommended Eventually independent variables used for modeling (Importance from high to low)

subtasks

Colour Meat type, occupation, monthly disposable income, influence of others, age, influence of promotions, advertising influence,
education level, influence of magazines, eating preferences

Sweetness Meat type, monthly disposable income, occupation, influence of others, age, education level, advertising influence,
influence of promotions, eating preferences, meat preferences

Foamability Monthly disposable income, occupation, influence of others, advertising influence, promotion influence, magazine
influence, age, education level, meat type, meat preferences

Mouthfeel Occupation, monthly disposable income, influence of others, advertising influence, age, promotion influence, magazine

influence, education level, meat type, eating preferences

Aroma concentration

Occupation, monthly disposable income, advertising influence, influence of others, age, promotion influence, education

level, meat preferences, eating preferences, taste preference

Aroma type Occupation, monthly disposable income, promotion influence, influence of others, advertising influence, age, meat type,
eating preferences, education level, meat preferences

Price Education level, meat type, gender, promotion influence, magazine influence, marital status, advertising influence, age,
occupation, monthly disposable income

Year Monthly disposable income, meat preferences, age, magazine influence, influence of others, advertising influence, eating
preferences, gender, promotion influence, marital status

Origin Influence of others, advertising influence, meat type, monthly disposable income, promotion influence, meat preferences,
marital status, eating preferences, age, education level

Packaging Gender, marital status, influence of others, occupation, advertising influence, education level, magazine influence, meat
preferences, eating preferences, meat type

Brand Magazine influence, monthly disposable income, meat type, meat preferences, eating preferences, education level, age,
marital status, advertising influence, gender
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Table 3. Strengths and weaknesses of different types of algorithms.

Algorithm

Merit

Wine recommendation algorithm

Defect

BP neural network
algorithm

Support vector machine

Decision tree algorithm

Random forest algorithm

Strong learning ability, easy training, convenient
and fast.

The effect of processing discrete data is better;
The boundaries are more diverse; Solve the
problem of non-linear separable classification.

Time complexity is small, efficiency is high,
importance of each feature can be obtained (Yang
and IEEE, 2019), suitable for small samples.

Fast processing speed; For unbalanced data sets,
the error can be balanced; Reduce the possibility

Unstable network structure, low reliability and slow convergence
(Diez et al., 2019)

Poor interpretability, slow calculation and easy overfitting.

It is easier to make mistakes for tasks with many categories;

The information gain is more inclined to the characteristics of
multi-category attributes; Prone to overfitting; Poor generalisation
ability.

Compared with decision tree, the calculation cost is high; When
the number of noisy data is large, the results are easily affected
by extreme values (Roy and Larocque, 2012) and easy to overfit.

of overfitting.

Adaboost

Xgboost overfitting; good interpretability.

No overfitting phenomenon; The training error rate
decreases with the increase of iteration times.

Strong accuracy; Using regular terms to reduce

The feature weights are biased towards the features with many
categories.

The training process is more inclined to the samples that are
difficult to classify, which is easily disturbed by noise (Liao and
Zhou, 2012); Relying on weak classifier; long training time.

The complexity of time and space is high.

the optimal partition nodes, and the nodes that really
need to be partitioned are ignored. Ulteriorly, the infor-
mation gain ratio further improves this problem by add-
ing term weight to the information gain of each attribute.
Therefore, this study structures the linear combination
of information gain ratio and Gini coefficient as a new
rule of node splitting, to improve the accuracy of ran-
dom forest algorithm in classification of wine attributes.
The formula of the new rule of node splitting is shown in
Equation (3):

®(a) = 0,Ginig,, (S,A) — o, GainRation(A) (3)

split
Where, 0 < 1, the and cannot assume the minimum or
maximum value, which means that the weight coeffi-
cients cannot exist in such a pairing as (0,0) or (1,1), and
the optimal values of the two weights are determined
by the grid search method. When dividing the attributes,
the node with the smallest difference value is selected for
division.

Construction of Stacking integration algorithm

Stacking is a special and concrete combination strategy,
which is a typical representative of ensemble learning
algorithm (Montesinos-Lépez et al., 2019). The process
of Stacking integration is to train the upper layer model
first, and take the corresponding training results as the
input of the next layer model, which is equivalent to con-
structing a two serial superposition classifier for the same
data (Ahmadi et al., 2019). The purpose is to improve the
classification accuracy of the model.

In this study, decision tree, random forest, optimized ran-
dom forest, neural network, SVM, Adaboost and Xgboost
algorithms modeled each wine recommendation subtask,
and the top five models with the highest recommended
comprehensive accuracy of each recommendation index
were selected as the base models. Further, to avoid the
overfitting caused by complicated model, the second
meta-model selected decision tree or logistic regression
model. The construction process of Stacking integrated
algorithm can be concluded in Figure 2.

Multimodel wine recommendation strategy

To establish the most appropriate recommendation strat-
egy of each recommendation subtask, it is necessary to
compare the recommended comprehensive accuracy of
the models before and after Stacking integration. The
final framework of wine recommendation in this study is
shown in Figure 3.

The personalised wine recommendation method com-
prises the following steps:

Step 1: Collect user’s preference data for wine, including
19 independent variables and 11 dependent variables.
Step 2: Clean the data, eliminate or optimize the wrong
information, and encode the data by natural number
after obtaining the effective information.

Step 3: Experiment with decision tree, random for-
est, optimized random forest, neural network, SVM,
Adaboost, Xgboost and Stacking integration model for
each recommendation subtask and select the model with
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Figure 3. The process of personalised wine recommendation.

the highest accuracy as the optimal recommendation
strategy to recommend wine.

Step 4: There is a user interaction module in the recom-
mendation method. If the user likes the recommended
wine, they give correct feedback to the recommendation
model; if the user doesn’t like it, they give negative feed-
back so that the strategy can continue to learn and fur-
ther be optimized.

Evaluation index for recommendation algorithm

Accuracy
Accuracy refers to the proportion of the sum of
correctly classified samples to the total samples in

the prediction results. The formula is expressed in
Equation (4):

oo TP+TN @
total

m-F1

The F1 score considers both the accuracy and recall
of the classification model and can be regarded as a
harmonic mean of the accuracy and recall. In this
study, we put forward the concept of m-F1, which rep-
resents the arithmetic average of F1 scores of each cat-
egory of the same model and the same recommended
subtask.
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Recommended comprehensive accuracy

In this study, the concept of recommended compre-
hensive accuracy is proposed, which is expressed by the
arithmetic average of m-F1 and accuracy.

Results and Discussion

Construction and verification of single recommendation
model

This section needs to complete the training and evalua-
tion of single recommendation model of each wine sub-
task. The independent variables and recommendation
indicators used in building the recommendation model
are shown in Section 2.2. The 10-fold cross-validation
method is used to divide and train the sample. To bet-
ter evaluate the effect of the model, this study randomly
selected 300 questionnaires from the valid data to test the
model. The recommended comprehensive accuracy pro-
posed in this study blends the accuracy and m-F1 scores,
so that it only presents the recommended comprehen-
sive accuracy of each single model for each wine recom-
mended subtask. The results are shown in Table 4.

The recommendation comprehensive accuracy shows
that the optimized random forest is better than the
random forest in colour, sweetness, foaming, taste,
aroma type, price and brand of wine, and the preci-
sion has been improved. For the colour, brand and
taste of wine, changing the splitting mode of nodes can
improve the recommendation accuracy, and the opti-
mized random forest algorithm model has the best rec-
ommendation effect. As for sweetness, there is some
noise in the sample. Compared with other subtasks,
sweetness of wine pays more attention to variance in
modeling, while XGboost adopts regularisation con-
straint to simplify the model. Using XGboost makes

Table 6.

Recommended index Optimal recommendation

the comprehensive accuracy up to 0.853. For foamabil-
ity, aroma type, year and origin of wine, the distribu-
tion of these data is diverse, and this kind of data need
a better fitting algorithm for recommendation. Among
these machine learning algorithms, the advantage of
neural network is to constantly fit data. So neural net-
work performs best. For price, aroma concentration
and packaging, there is almost no noise, and there are
some key points similar to the support vector in the
data, so SVM is more suitable for the recommendation
of these wine attributes.

Screening of base model for Stacking integration
algorithm

According to the above results, the top five recommen-
dation models with the highest comprehensive accuracy
of each subtask are selected as the base models. To avoid
the overfitting caused by the complexity of the two-layer
models, the decision tree or logistic regression model is
selected as the meta-model to reduce the complexity. The
established machine learning algorithm of the two-layer
basic model for each wine recommendation subtask is
shown in Table 5.

Implementation and verification of Stacking Integrated
Algorithm

Firstly, train the single model and the integrated model
on the training set. Secondly, randomly select 300 ques-
tionnaires from the valid data as the test set and make
predictions. By comparing the recommendation com-
prehensive accuracy of each subtask before and after
Stacking integration, the model with the highest value
is selected as the optimal recommendation model, and
finally an exclusively multimodel recommendation
strategy for wine is established. The recommendation

The comprehensive accuracy of the optimal model of each recommended index.

Comprehensive accuracy after

Optimal Comprehensive accuracy

model Stacking integration before Stacking integration
Sweetness 0.838 0.833
Colour 0.873 0.853
Foamability 0.820 0.801
Mouthfeel Stacking integration model 0.803 0.786
Aroma type 0.803 0.779
Year 0.771 0.757
Packaging 0.815 0.792
Brand 0.804 0.798
Price Support vector machine 0.731 0.762
Aroma concentration 0.760 0.777
Origin XGboost 0.762 0.778
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comprehensive accuracy after fusion and the highest
value before fusion are summarised as follows.

To present the results more visually, Table 6 is trans-
formed into Figure 4.

As can be seen from Table 6, for the eight indexes of
colour, sweetness, foamability, mouthfeel, aroma type,
year, packaging and brand, the optimal recommendation
model is Stacking integrated algorithm, while the SVM
model is most suitable for the recommendation of aroma
concentration and price of wine, and XGboost model is
the best algorithm for origin. The Stacking integration
strategy has better performance than the single model
and has significant effect on improving the accuracy of
wine recommendation.

The accuracy after fusion and the highest value before
fusion are shown in Figure 5.

The literature (Chu et al., 2020) uses a predicting method
based on multivariate disorder logistic and shows that
this method is only suitable for predicting colour, sweet-
ness, aroma type and taste preference with an accuracy of
between 70 and 75%, whereas the wine recommendation
algorithm proposed in this study achieved an accuracy
of over 79% for these attributes, which is better than the
method proposed in the literature.

Conclusions and Future Work

In this study, a multimodel recommendation algorithm
strategy is proposed to predict users’ preferences about
wine and realize personalised recommendation of wine.
The independent variables of each wine recommendation
subtask were screened by mutual information method
and Gini coefficient method, and the top 10 factors with
the highest correlation of each recommendation subtasks
included personal characteristics of consumers such
as age, education level, monthly disposable income and
occupation, which indicated that personal characteristics
of consumers had a crucial influence on wine purchase.

By combining the information gain rate and Gini coef-
ficient to change the node splitting mode, the random
forest algorithm was further optimized, which made the
algorithm more accurate in recommending seven indi-
cators such as colour, sweetness, foamability, mouthfeel,
aroma type, price and brand of wine, and also showed that
the optimized random forest algorithm is more suitable
for classification tasks with numerous feature divisions.

To effectively reduce or offset the influence of ran-
dom factors and improve the prediction accuracy and

credibility in a single model, the Stacking integration
was introduced into wine recommendation. The results
showed that the integration algorithm could be used to
improve the recommendation accuracy of eight indica-
tors, including colour, sweetness, foamability, mouth-
feel, aroma type, year, packaging and brand. The average
recommendation accuracy is increased by 1.9%, and the
highest is increased by 3%. However, it is not suitable for
the attributes with large deviation such as aroma concen-
tration. For this kind of tasks, Adaboost and other algo-
rithms are more suitable for recommendation.

Based on the above research, the conclusion of this study
is that colour, sweetness, foamability, mouthfeel, aroma
type, year and packaging adopted Stacking integrated
algorithm, aroma concentration finally adopted Adaboost
algorithm, origin finally adopted XGboost algorithm, and
wine price finally adopted SVM algorithm. Compared to
the existing recommendation methods, the wine recom-
mendation strategy proposed in this study can be more
perfect, comprehensive and flexible in recommending
wine for users.

Our approach might still be needed to improve, and the
future attempts are as follows: Firstly, due to the limited
amount of data in this study, the accuracy and the screen-
ing results of the optimal model may be varied for a large
amount of data, so further exploration is still needed.
Secondly, the future work can be expanded to conduct
empirical analysis on other multiattribute drinks’ recom-
mendation. In addition, one of the typical examples in
China’s market, the wine multimodel recommendation
strategy may also provide an effective method for dealing
with preference prediction in other multi-feature goods.
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