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HIGHLIGHTS

o Alfalfa brown juice possesses remarkable
antioxidant properties.

e Broad range of flavonoids e.g., apigenin,
luteolin, naringenin, tricin found.

e Lacto-fermentation induced shift into
aglycone molecules, thus improving
bioactivity.

e Vitamin contents up to: B2 2042.7 ng
mL?, B3 972.3 ng mL! and B7 32.0 ng
mL.
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ABSTRACT

Recently, leaf protein concentrate (LPC) has gained increased attention in response to the constantly growing
protein demand. Green biorefineries can become more economical by valorizing their by-products and reducing
environmental risks. The current study describes the variations in the antioxidant capacity and phytochemical
composition of a liquid by-product (referred to as brown juice (BJ)) obtained during the extraction of leaf protein
concentrate (LPC) from the fresh biomass of alfalfa (Medicago sativa L.). Four varieties of alfalfa were investigated
during three harvest times, i.e., August 2017 (first harvest), September 2017 (second harvest), and June 2018
(third harvest). Also, the fresh BJ was lacto-fermented to extend its preservation period but also modifying its
composition. The results of different general phytochemical composition analyses and antioxidant assays revealed
similar tendencies across different alfalfa varieties and harvest times. Most of the phytochemicals in the BJ
identified by HPLC-MS/MS can be classified as flavonoids/flavonoid derivatives, e.g., apigenin, naringenin,
luteolin, formononetin. Substantially, the lacto-fermentation process induced a switch into aglycones, e.g., api-
genin content increased by an order of magnitude, while apigenin-7-O-glucuronide content was halved after lacto-
fermentation. Additionally, several B vitamins were detected, including B2, B3, and B7. These results could
provide a basis for various ways of industrial valorization but need to be strengthened by data generated from
large-scale production.
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1. Introduction

The ever-increasing demand for sufficient protein supply brought
increased attention to alternative and renewable protein sources (Pojic
et al., 2018), including green biorefineries of leaf protein concentrate
(LPC). Most of the protein in LPC comes from the chloroplast enzyme
RuBisCo, the most abundant protein in the world (Bar-On and Milo,
2019), which is a technically undepletable resource with a relatively low
environmental cost. The production of LPC was first described interna-
tionally almost a century ago (Ereky, 1933), initially to provide
protein-rich animal feeds. After a decade, Pirie proposed to investigate
the feasible use of LPC in human nutrition (Pirie, 1942). Lately, as the
circular economy and bioeconomy concepts have been getting more
attention (Ubando et al., 2020), and sustainability is at the forefront of
scientific, governmental, and public interest (von Braun, 2018), the
plant-based protein sources became trending and the green
protein-biorefinery research intensifies (Bals and Dale, 2011; Kaszas
et al., 2020; Kiel et al., 2015; Santamaria-Fernandez et al., 2018; Santa-
marfa-Fernandez and Liibeck, 2020). In 2009, the European Food Safety
Authority (EFSA) concluded that alfalfa LPC proposes no safety concern
for human consumption at a maximum intake of 10 g/person/day
(2009/826/EC), which established the expansion of LPC production.
There have been examples of large-scale implementation of green bio-
refineries including LPC production such as the French ‘France Luzerne’
company (Grela and Pietrzak, 2014) or VEPEX in Hungary which was the
first leaf protein plant in the world established in 1972 (Holl6 and Kra-
lovanszky, 2000). However, it is not yet widespread.

The European Commission has encouraged the development of the
bioeconomy, including LPC production and other products based on
green biomass with a strategic programme (European Commission,
2019). The strategy was updated in 2022 to assess the progress in the
implementation of 2018 EU Bioeconomy Strategy and its Action Plan
(European Commission, 2022). In a survey the gaps and challenges of the
bioeconomy policy, considering the recent policy developments under
the European Green Deal were assessed.

As a result of policy support and research efforts, the number of green
biorefineries at pilot or commercial scale has been increasing in Europe
in recent years (Santamaria-Fernandez and Liibeck, 2020).

Alfalfa (Medicago sativa) is one of the most prevalent forage crops, an
ideal subject for LPC production, though the technology is easily adapt-
able to other relevant species. Alfalfa fodder is commonly used in live-
stock production. Drying means a major environmental impact of the
process (Gallego et al., 2011) and also significantly reduces protein
content due to natural protease activity. Protein loss can be significantly
reduced implementing leaf protein concentrate producing methods.
Simple fractionation combined with an advanced biorefinery approach
could provide a sustainable solution for the growing protein demand and
meet the concepts of green industries and fit well in a circular economy as
well. One of the main challenges with these processes is the handling of
by-products. Besides the LPC, there is a substantial amount of fibre
fraction, sometimes called press cake. The other by-product is referred to
as deproteinized plant juice (DPJ), plant whey or brown juice (from
hereon: BJ). It represents the largest fraction of the processed green
biomass, amount to almost 50% of the green biomass (Bakonyi et al.,
2020) and making up to 13-15 % of the original dry matter content
(Zanin, 1998). The BJ contains sugars, oligopeptides (Reddy et al., 1987),
minerals, and valuable secondary metabolites (Bakonyi et al., 2020). Its
composition depends mainly on the applied technology and the input
material (Santamaria-Fernandez et al., 2018). It has a dry matter content
varying between 4% and 15% (Zanin, 1998). BJ can be used in various
ways, including L-lysine production (Thomsen et al., 2004), methane
production through anaerobic digestion (Martinez et al., 2018; Santa-
maria-Fernandez et al., 2018), or as a medium for microbes (Thomsen,
2005; Thomsen and Kiel, 2008; Weimer and Digman, 2013). Studies have
shown the potential of alfalfa BJ in plant nutrition as fertilizer (Reddy
et al., 1987) or biostimulant (Barna et al., 2021), which implies the
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presence of phytohormones and other bioactive compounds in addition
to the already identified components.

The main factor that induces the synthesis of plant secondary me-
tabolites is the defence against stressors (Neugart et al., 2018) and
adaptation to the environment. However, some compounds are known to
play not only a secondary role, but also have a regulatory effect or even
are primary metabolites (Craney et al., 2012; Erb and Kliebenstein,
2020). Many secondary metabolites have been used in traditional med-
icine and are still common in modern western medicine. However, many
of them are yet to be discovered, as suggested by genome-mining ap-
proaches (Zhao et al., 2013), making plants an interesting target for drug
discovery.

Fabaceae family (soybean, alfalfa, etc.) related flavonoids such as
quercetin, biochanin A, genistein, erbstatin are considered potential
treatment tools against tumorigenesis and inflammation, especially
during menopause caused oestrogen decrease-related statuses (Bernato-
niene et al., 2021; Manna, 2012). Alfalfa is also a rich source of biolog-
ically active phytochemicals (Gotawska et al., 2014; Jasinski et al., 2009;
Pecetti et al., 2006). Qualitative and quantitative studies have revealed a
number of phenolic compounds, flavonoids and saponins (Rafinska et al.,
2017). Phenolic compounds and flavonoids have remarkable antioxidant
properties (Gulcin, 2020). The antioxidant activity is determined by the
arrangement of functional groups around the nuclear structure (Heim
et al., 2002).

Lactic Acid Bacteria (BAL) have an important role of producing of
bioactive compounds. One of the methods used for the recovery of
bioactive components is the long-established method of lacto-
fermentation. This process is environmentally friendly and economi-
cally feasible. It can be used to effectively induce chemical changes in by-
products from certain agricultural and food industry activities, whereby
the chemical changes induced by lactic acid-producing bacteria (BAL)
allow the formation of various valuable bioactive substances, either by
hydrolysis or by transformation of substrates. The use of lactic acid
bacteria in bio-processes is widespread, their importance is highlighted
in oxido-reduction, demethylation, bioremediation (George et al., 2018),
degradation of macromolecular substances such as indigestible poly-
saccharides, and conversion of undesirable flavours, which is very
important in the food industry (Wang et al., 2021). Acidification of plant
juices with lactic acid producing bacteria is a well-known alternative in
green biorefining due to its many advantages (Liibeck and Liibeck, 2019;
Thomsen et al., 2015; Novik et al., 2017).

The present study aimed to analyse the antioxidant properties and
secondary metabolites of BJ. Different assays were applied to quantify
the antioxidant capacity of the BJ and make a profile of its key bioactive
molecules. Also, the current research aimed to unravel new valorization
possibilities of BJ. Considering preservation is a key issue in the practical
utilization of a product candidate, such as the perishable brown juice,
lacto-fermentation was used for this purpose and followed the fermen-
tation induced quantitative and qualitative changes of phyto-
metabolites.

2. Materials and methods
2.1. Origin of BJ

The BJ was produced as previously described in detail by Bakonyi
et al. (2020). Briefly, the alfalfa fresh biomass was obtained from an
irrigated field experiment, in which alfalfa varieties were sown in 4.3 m
x 1.4 m plots arranged in a Randomized Block design with three
replicates.

The main goal of the present project is the production of leaf protein
concentrate (LPC), the fresh yield and crude protein content are of
importance. Varietal choice is important in LPC production, as varieties
with good leaf stem ratio, reduced lignin content, good remounting
(regrowth) ability can result higher protein content and higher quantities
of LPC. Four alfalfa varieties were tested, i.e., Legend, Jozsé, Dimitra and



D. Barna et al.

Hunor-40. The native Hungarian variety Hunor-40 has high protein
content, the Legend (American) is lignin-reduced variety, and the
Dimitra (Italian) has outstanding leaf stem ratio with high protein con-
tent (Table 1).

Alfalfa fresh biomass was harvested once a month (May-October) in
the green bud phenophase stage. However, in the present study, three
harvests were performed for BJ production in order to have a compre-
hensive view of the seasonal changes throughout the vegetation period
with following sampling dates: the first of August 2017 (first harvest), the
first of September 2017 (second harvest), and the first of June 2018
(third harvest). During the fractionation process, the harvested above-
ground alfalfa fresh biomass was cleaned manually by excluding weeds
and removing any adhering particles. Cleaned alfalfa fresh biomass was
fractionated into fibre and green juice using a twin-screw press Angel
Juicer (5500, Angel Ltd., Praha, Czech Republic). The green juice was
heated to 80 °C to coagulate mainly the chloroplastic and also the
cytoplasmic proteins (Fari and Domokos-Szabolcsy, 2019). After thermal
coagulation, the coagulant (LPC) was separated from BJ using moistened
cotton cloth filter. The obtained BJ samples were stored at -20 °C until
further analyses. BJ as it can spoil easily in few days, therefore, a
lacto-fermentation method for the preservation of alfalfa at room tem-
perature has been developed and applied to a variety Hunor-40 of alfalfa
selected for its favourable properties. Hunor-40 is a reliable and common
variety with good remounting features, high biomass yield in large-scale
production. Additionally, it showed homogenous plots and favourable
antioxidant parameters across the preliminary experiments. These traits
altogether make it a good representative of commercially available al-
falfa varieties and a good starting point for further studies on other
species. The lacto-fermentation method, developed by Bakonyi et al.
(2020) for BJ, was applied to prevent spoiling (due to high sugar and
protein content) at room temperature. Briefly, after cooling, the BJ of
Hunor-40 was inoculated with lactic acid bacterial cultures (Pediococcus
acidilactici, Lactobacillus paracasei, Lactobacillus plantarum) at the rate of
110 CFU g%, and incubated at 35 °C for 48 h. The phytochemical
analysis and quantification of selected bioactive molecules was per-
formed from non-fermented and fermented BJ from these samples.

2.2. General phytochemical composition analysis

2.2.1. Determination of total phenolics contents (TPC)

The TPC in the BJ was determined according to the method of Boor
and Bélafiné Bako (2010). The reagent forms a blue complex with the
hydroxide group of phenols and phenol-like compounds, and its ab-
sorption can be inferred from the light absorption of the solution. All
phenolics content results were calculated using the formula ‘y = 0.0991x
(R? = 0.9854) obtained from the gallic acid calibration curve. Calibartion
points: 0, 1.02; 2.04; 3.06; 4.08; 5.1 pug/ml The reaction mixture con-
sisted of 1250 pl Folin-Ciocalteu reagent:DW (1:10), methanol:DW
(80:20), 50 pl sample and after 1 min incubation at room temperature
1000 pl NayCOs resulting in a total volume of 2500 pl. Absorbance was
measured at 760 nm (Ultrospec 2100 pro, Amersham BioSciences spec-
trophotometer). One representative sample from each plot was carried
over for TPC and TFC measurements. The obtained results were
expressed as pg mL ™! gallic acid equivalent (GAE) of liquid brown juice
samples.

Table 1. Alfalfa varieties and their characteristics.

Variety Color of flowers Year of state recognition  Origin of the variety
Legend Blue 2008 American

Jozso Mixed 1996 Hungarian

Dimitra Purple no data Italian

Hunor-40  light purple, dark blue ~ 1989 Hungarian

Source: NEBIH, National Variety List (2018).
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2.2.2. Determination of total flavonoid contents (TFC)

The determination of TFC in the BJ was carried out according to Kim
et al. (2003). The basis of the determination is that flavonol and
flavone-type compounds form a complex with aluminium chloride
(AICI3) in an acid medium in a stoichiometric reaction. The colour in-
tensity of the resulting complex is suitable for the quantitative determi-
nation of the flavonoids in the solution. During the measurement, the
aluminium-containing reagent solution was made of 5 mL of 10 g
mL~! AlCl;, 5 mL of 1 M L™! KOAc (potassium acetate), 75 mL of
methanol, and 140 mL of water. The standard curve was generated using
rutin (y = 0.0231x, R? = 0.998). Absorbance of the BJ samples (0.5 mL)
was measured at 415 nm using UV/VIS-Spectrophotometry (Ultrospec
2100 pro, Amersham BioSciences spectrophotometer). The obtained re-
sults were expressed as pg mL™! rutin equivalent (RE) of liquid BJ
samples.

2.3. Antioxidant assays for the determination the antioxidant capacity of
BJ

The determination of antioxidant capacity of BJ was performed by
ACL, ACW photochemiluminescence (PCL) method described in Nemes
et al. (2015) and distributed under the name Photochem® by Analytik
Jena AG (Jena, Germany). The samples were diluted with either distilled
water (water-soluble antioxidant capacity; ACW) or methanol (lip-
id-soluble antioxidant capacity; ACL) to fit the calibration range.

In this assay, the photochemical generation of superoxide anion
radical (Oze—) is combined with the sensitive detection by using chem-
iluminescence. The assay is initiated by optical excitation of photosen-
sitizer (S), resulting in the generation of Oye—. Two different protocols
were used: ACW and ACL, so both hydrophilic and lipophilic antioxidants
can be measured separately (Popov and Lewin, 1994, 1996). Values are
expressed in pg mL ! ascorbic acid equivalent (AAE) for ACW and Trolox
equivalent (TE) for ACL results. Representative samples from two plots
were used for ACW and ACL measurements. The obtained results were
expressed as pg mL ™! of liquid brown juice samples.

2.4. Screening and quantification of phytochemicals in BJ by HPLC-MS/
MS

In this study, the non-fermented and fermented BJs of Hunor-40 were
used for detailed metabolite profiling. For identification and quantifica-
tion of phytochemicals an UHPLC-ESI-ORBITRAP-MS/MS hyphenated
system was used (Dionex Ultimate 3000RS UHPLC system/Thermo
Fisher, Waltham, MA, USA/coupled to a Thermo Q Exactive Orbitrap
hybrid mass spectrometer). Column: Thermo Accucore C18 analytical
column, 100/2.1 mm, 2.6 pm particle size.

2.4.1. Sample preparation

0.5 mL BJ was extracted with 25 mL methanol:water (70:30) solution.
The mixture was stirred at 150 rpm for 2 h at room temperature. The
hydro-alcoholic extracts were filtered using a 0.22 m PTFE syringe filter.

2.4.2. Screening for bioactive phytochemicals

Qualitative analysis was carried out to determine the phytochemical
compounds in Hunor-40 BJ. Separation of bioactive molecules was
achieved under the following conditions. Flow rate: 0.2 mL min’; col-
umn oven temperature: 25 + 1 °C; mobile phase: methanol (A) and water
(B), both acidified with 0.1% formic acid. Gradient program: 0-3 min,
95% B; 3-43 min, 0% B; 43-61 min, 0% B; 61-62 min, 95% B; and 62-70
min, 95% B. The injection volume was set to 2 pL. For screening a mix
sample of Hunor-40 containing all three harvests was used to get the
profile of possibly abundant secondary metabolites.

2.4.3. Quantification of bioactive phytochemicals
Chromatographic separation for quantitative analysis was carried out
by the same HPLC-MS/MS system mentioned above. Briefly, 1 pL
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solution was injected into the column. The flow rate was set to 0.2 mL
min~! and the column oven temperature to 25 °C + 1 °C. The mobile
phase consisted of water (A) and methanol (B) with the following
gradient profile: 0-2 min, 95% A; 2-20 min, 100% B; 20-22 min, 100%
B; 22-23 min, 95% A and 23-30 min, 95% A.

Based on the literature describing typical alfalfa secondary metabolite
profile and screening of mixed Hunor-40 BJ 16 molecules were selected.
For quantitative analysis nicotinamide (>>99.5%); nicotinic acid (>98%);
riboflavin (>98%); isoquercitrin (primary reference standard); nar-
ingenin (>95%); biochanin A; coumestrol (>95%); formononetin
(>98%); luteolin (>98%); apigenin (>98%); liquiritigenin (phyproof
Reference Substance); tricin (phyproof Reference Substance); Apigenin
7-0O-glucuronide (primary reference standard); biotin (>99%); quercetin
(>95%); genkwanin (>98%); ferulic acid (>99%) as external standards
were applied (Merck-Sigma, Darmstadt, Germany). Working standard
solutions were prepared daily by dilution of the stock solutions with
methanol.

2.4.4. Mass spectrometry conditions

The capillary temperature was 320 °C. Samples were ionized sepa-
rately, using an ESI source with 4.0 kV in positive ionization mode and
3.8 kV in negative ionization mode, respectively. Mass spectrometry
parameters: resolution of 35,000 for MS1 scans and 17,500 for MS2
scans, scanning between 100-1500 m/z. The tandem MS/MS scans were
run on 30 normalized collision energy units. The difference between
measured and theoretical molecular ion masses was <5 ppm in each case.
Data acquisition and processing was done in Thermo Trace Finder 2.1
software based on own and public internet databases (Metlin, Mass Bank
of North America, m/z Cloud). After processing, manual checking of the
results was carried out in the Thermo Xcalibur 4.0 software (Thermo-
Fisher, Waltham, MA, USA).

2.5. Statistical analysis

Levene's Test was used to test for equality of variances and Shapiro-
Wilk test for checking normal distribution. The results of the
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experiments showed significant interaction between the two indepen-
dent variables (Harvest time and Variety), afterwards they were sub-
jected to Kruskall-Wallis test in R (version 4.0.3) and the means were
compared by Dunn's Test at p < 0.05.

3. Results and discussion
3.1. TPC, TFC, ACW and ACL of alfalfa BJ

Two phytochemical composition analysis (TPC and TFC) and two
different antioxidant assays (ACW and ACL) were used to get a
comprehensive view on the antioxidant potential of BJ. Table 2 showed
the results of different phytochemical composition analysis and antioxi-
dant assays in the BJ of the four alfalfa varieties within three different
harvests.

In the upper section of Table 2 the data for varieties are shown as
Means =+ SD of the three harvest times. In the second section, data for the
harvest times are presented as Means =+ SD of all varieties. The results of
the experiments showed significant interaction between the two inde-
pendent variables, therefore they were subjected to one-way analysis
afterwards. Means of the interactions in the same column followed by the
different lowercase letters are significantly different according to Dunn's
test (P < 0.05). Data are Means + SD. Concentrations are expressed in
Gallic Acid Equivalent (TPC), Rutin Equivalent (TFC), Ascorbic Acid
Equivalent (ACW) and Trolox Equivalent (ACL) in pg mL L.

The TPC of BJ significantly varied across the examined alfalfa vari-
eties and harvest times (Table 2). Considering the interaction between
alfalfa varieties and harvest time, the second harvest of Hunor-40 had the
highest values from all samples (2613.5 + 575.2 pg mL ™). On the other
side of the scale, the first cut of Jozs6 had significantly lower values
(995.6 + 126.7 pg mL™Y), the lowest among all alfalfa varieties and
harvest times.

Both alfalfa varieties and harvest times significantly influenced the
TFC in the BJ (Table 2). Similarly, to the total phenolics content, it was
found that in terms of TFC the second harvest of Hunor-40 proved to be
superior (241.3 £+ 50.1 pg rnL’l), while the first cut of Jozso contained

Table 2. Results of general phytochemical composition analysis (TPC, TFC) and antioxidant assays (ACW, ACL) from alfalfa brown juice samples from different varieties

and harvest times.

TPC TFC ACW ACL
pg mL" pg mL ' pg mL " pg mL '
Variety
Legend 1547.7 + 513.0 168.7 + 27.5 308.2 + 326.5 426.6 + 201.6
Jozsé 1510.3 + 468.6 107.5 + 54.2 281.6 + 167.0 600.4 + 169.5
Dimitra 1611.2 4 474.8 159.1 &+ 39.3 470.8 + 155.9 661.4 + 159.9
Hunor-40 1986.8 + 568.7 211.8 + 46.2 404.2 + 398.4 648.6 + 297.1
Harvest
1% harvest 1611.6 + 607.1 133.6 + 51.3 335.1 + 249.8 661.5 + 101.7
2" harvest 1628.8 +£732.8 153.8 + 70.9 519.3 £ 327.1 619.3 + 282.8
3™ harvest 1839.5 + 288.2 196.7 + 30.1 202.0 + 190.0 509.4 + 231.4
Harvest X Variety
1% harvest Legend 1895.4 + 329.9 ab 139.1 + 18.1 bed 691.4 + 135.1 ab 701.3 + 127.2 ab
Jozsé 995.6 + 126.7 b 64.6 + 13.3d 115.0 £ 116 ¢ 528.9 + 20.5 bed
Dimitra 2051.8 + 600.8 ab 172.2 + 59.4 abc 335.6 + 70.3 be 666.7 + 44.9 abc
Hunor-40 1503.5 + 736.9 ab 158.6 + 10.5 abc 198.6 + 13.3 be 749.3 £ 0.3 ab
2" harvest Legend 1170.5 + 611.1 ab 177.5 + 3.1 abe 1029+ 7.1c¢ 314.6 £739d
Jozso 1622.9 + 238.4 ab 89.3 £29.0 cd 478.6 + 19.0 abc 509.9 + 49.5 bed
Dimitra 1108.3 + 128.3 ab 114.9 + 34.6 bed 658.3 + 56.8 ab 662.3 + 251.1 abed
Hunor-40 2613.5 £575.2a 241.3 £50.1 a 870.1 £117.8a 990.3 £ 15.2a
3™ harvest Legend 1591.8 + 160.5 ab 192.5 + 12.9 ab 41.4 +£138¢c 318.2 +£74.3d
Jozso 1912.2 + 180.4 ab 168.4 + 15.9 abc 334.4 £ 15.8 be 708.4 + 232.3 ab
Dimitra 1673.4 + 73.5 ab 190.2 + 27.3 ab 418.6 + 32.3 abc 657.2 + 209.9 abed
Hunor-40 1843.3 + 60.2 ab 235.6 £16.3 a 13.8 £2.6¢ 353.7 + 86.0 cd
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the least amount of flavonoids (64.6 + 13.3 pug mL’l), less than the third
of the former one. Overall, the TFC and TPC showed similar tendencies.
The TFC of the first and second harvest of Hunor-40 was significantly
higher than the TFC of the first cut of Legend, first and second cut of
Jozso, second cut of Dimitra. Except for Dimitra, higher values were
found for the 2nd and 3rd harvests compared to the 1st harvest. The TFC
content increased from the first harvest to the third harvest recording the
highest value (196.7 + 30.1 pg mL™}) in the third harvest, regardless of
the alfalfa variety. The plants were under stress due to harvesting, which
can explain the observed tendencies.

The ACW results presented in Table 2 significantly varied due to the
alfalfa varieties and harvest times and are in line with the results
described above. Regarding the interaction between alfalfa varieties and
their harvest times, the Legend, Hunor-40, and Dimitra varieties
possessed the highest ACW content in the first (691.4 + 135.1 pg mL™1),
second (870.1 + 117.8 pg mL’l), and third (418.6 + 32.3 pug mL™ D
harvest, respectively.

The BJ extracted from the first harvest displayed the highest ACL
values (661.5 + 101.7 pg mL™1), regardless of the alfalfa variety. The
Hunor-40 variety revealed the highest significant ACL values in the first
(749.3 £ 0.3 pg mL’l) and second (990.3 + 15.2 pg mL’l) harvests
among all tested alfalfa varieties; however, it showed the lowest ACL
content (353.7 + 86.0 pg mL ™) in the third harvest. The results were
relatively low compared to the previously published studies, although
they examined solid plant material from intact plants. Wu et al. (2022)
investigated the extraction and antioxidant capacity of Medicago sativa
and found the total antioxidant capacity under the optimized conditions
15.76 mg/g and 28.79 pmol Trolox/g. Starowicz et al. (2021) measured
the antioxidant capacity in different plant species of which clover, related
to lucerne have 873.00 + 35.98 and 20.62 + 0.72 pmol Trolox/g DM for
ACW and ACL respectively. Purkiewicz et al. (2020) found that in the
orange carrot juice (pressed by high-speed juicer) the antioxidant ca-
pacity was 4.02 + 0.03 and 85.43 + 0.46 pmol Trolox/mL DM for ACW
and ACL respectively.

ACW and ACL results changed seemingly similarly across the season.
The few lower results (Legend 3™ harvest: 41.4 + 13.8 pg mL™" Hunor-
40 3" harvest: 13.8 + 2.6 pg mL~! ascorbic acid equivalent) in ACW
could be attributed to the quick degradation of water-soluble antioxi-
dants. However, all measurements resulted in higher ACL values
compared to ACW, despite the high water content of alfalfa BJ.

In spite of the fact that the different methods (TPC, TFC, ACW, and
ACL) showed similar tendencies, still they should be used in conjunction
with each other to provide reliable data. The above-mentioned results
revealed that the quality of the BJ depends on the alfalfa variety and its
harvest time. The Hunor-40 variety is considered the best among all
tested alfalfa varieties, where it exhibited the highest TPC, TFC contents,
and the second highest ACW and ACL contents.

3.2. Screening of phytochemicals in alfalfa BJ

Ultra-high performance liquid chromatography-electrospray ioniza-
tion-Orbitrap/mass spectrometry qualitative analysis (UHPLC-ESI-
ORBITRAP-MS/MS) was carried out to identify the possible bioactive
phytochemicals in non-fermented and fermented BJ obtained from
Hunor-40.

47 phytochemicals were successfully identified in non-fermented BJ,
whereas 31 phytochemicals were found in BJ after fermentation
(Table 3). Several bioactive compounds, such as vitamins, flavons, iso-
flavons, flavonoids, phenolic acids, organic acids, fatty acids and ter-
penes were identified.

Molecules belonging to the class of B vitamins and their derivatives
were detected in non-fermented and fermented BJ, i.e., riboflavin (B2),
nicotinic acid and nicotinamide (B3) and biotin (B7) each of them
important precursors of or actually cofactors themselves for metabolic
processes e.g., synthesis of fatty acids and amino acids (isoleucine,
valine) and gluconeogenesis. Moreover, qualitative analysis revealed the
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presence of Trigonelline (N-methylnicotinamide), a metabolite of nico-
tinamide, which is an alkaloid with a wide range of regulatory functions
in plants (Minorsky, 2002) and various beneficial effects on animal
models and human health (Garg, 2016).

19 different flavons were found in non-fermented BJ, mainly various
types of apigenin, luteolin, tricin and chrysoeriol. Lacto-fermentation not
only stabilized alfalfa BJ, but also changed its chemical composition.
Examining the micro- and macroelements in BJ before and after lacto-
fermentation Bakonyi et al. (2020) reached a similar conclusion.
Non-fermented BJ contained the glycosides of certain molecules (e.g.,
molecules with a suffix -glucuronide or —glucoside), though several fla-
von and isoflavon compounds cannot be found in fermented BJ. During
the fermentation process in the BJ glycosidic bonds were presumably
hydrolysed, thus the molecules became available and active. Bacteria
utilize the sugar chain in their metabolism, and probably that catalysed
the process, reducing the number of compounds to 8 in fermented BJ.

Most of the phenolic acids vanished after fermentation. Only the
ubiquitous plant cell wall component, ferulic acid, remained and was
mostly reduced into dihydroferulic acid.

During lacto-fermentation bacteria consume sugars and secrete
several organic acids as a result of their metabolism, which lead to the
accumulation of organic acids in fermented BJ. There was no change in
terpenes and fatty acid components during fermentation, except trau-
matic acid, which could be detected in fermented BJ, though, at a very
low level.

3.3. Quantification of phytochemicals in alfalfa BJ

As the qualitative analysis confirmed, the group of flavonoids is the
richest secondary metabolite class in BJ. Based on this information, the
quantity of selected flavonoids was measured. Additionally, due to their
known physiological effects, some vitamins were included in the quan-
titative analyses. From the phenolic acids, ferulic acid was found in
measuring range and included in the final table. The concentration of
these bioactive components in the BJ of Hunor-40 variety during three
harvest times was measured before and after the fermentation process
(Table 4.).

The quantified secondary metabolites were mostly identified previ-
ously in alfalfa (Rafinska et al., 2017) with their role in plant physiology
more or less well described. The following discussion mainly focuses on
the possible exploitation of the individual components or the complex
matrix altogether.

The concentration of bioactive components in the BJ heavily depen-
ded on the fermentation process of BJ and the harvest time of alfalfa fresh
biomass. The second harvest displayed the lowest concentration of most
detected bioactive components. The fermentation process of the BJ
resulted in a decrease in the concentration of riboflavin, nicotinic acid,
nicotinamide, biotin, genkwanin, apigenin-7-O-glucuronide, iso-
quercitrin, liquiritigenin, and ferulic acid. On the contrary, the concen-
tration of apigenin, luteolin, tricin, formononetin, biochanin A, quercetin,
and naringenin was higher in fermented BJ than in non-fermented BJ.

Regarding the non-fermented BJ, riboflavin, nicotinic acid, biotin,
and genkwanin concentrations slightly dropped down from the first
harvest to the second harvest, then increased again in the third harvest;
however, the highest concentrations corresponded to the first harvest.
For example, riboflavin concentration in the first, second, and third
harvests was 2043, 1214, and 1800 ng mL71, respectively. Biotin con-
centration varied from 32.0 ng mL ! (in the first harvest) to 16.7 ng mL !
(in the second harvest) and 25.9 ng mL ! (in the third harvest). Likewise,
genkwanin concentration was 42.4 ng mL! (in the first harvest) and
reduced to 15.8 ng mL ! (in the second harvest), then increased to 26.4
ng mL~! (in the third harvest). Otherwise, apigenin-7-O-glucuronide,
luteolin, formononetin, biochanin A, and liquiritigenin concentrations
gradually increased from the first harvest to the third harvest. For
instance, apigenin-7-O-glucuronide concentration increased from 1851
ng mL~! (in the first harvest) to 3234 ng mL ! (in the third harvest). In
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Table 3. Identified phytochemicals in non-fermented and fermented BJ obtained from fresh alfalfa biomass (Medicago sativa var. Hunor-40).

Compound Formula Non- Fermented
fermented BJ
BJ

Vitamins

Riboflavin Ci17H20N406 + +

Nicotinic acid CeHsNO2 + +

Nicotinamide CeHeN2O + +

Biotin C10H16N203S + +

Flavonoids

Flavanones

Naringenin-6.8-di-C-glucoside (4'.5.7-Trihydroxyflavanone 6.8-C-glucoside) Cy7H35015 aF aF

Naringenin (4'.5.7-Trihydroxyflavanone) Ci15H1205 + +

Liquiritigenin (4'.7-Dihydroxyflavanone) C15H1204 + +

Flavonols

Quercetin-3.4’-di-O-glucoside Ca7H30017 +

Isoquercitrin C21H20012 + +

Flavons

Apigenin-4'-O-glucuronide-7-O-[glucuronyl-(1—2)-glucuronide] C33H34023 aF

Apigenin-O-glucoside-O-glucuronide Co7H2g016 +

Apigenin-7-0-[feruloyl-(—2)-[glucuronyl-(1—3)]-glucuronyl-(1—2)]glucuronide C43H42026 -+

Apigenin-4'-O-glucuronide-7-O-[feruloyl-(—2)-glucuronyl-(1—2)-glucuronide] C43H4505¢ +

Apigenin (4'.5.7-Trihydroxyflavone) C15H1005 + +

Chrysoeriol-4'.7-di-O-glucuronide CagH2g018 +

Chrysoeriol-7-O-glucuronide Ca2H20012 +

Chrysoeriol (3'-Methoxy-4'.5.7-trihydroxyflavone) C16H1206 4 +

Genkwanin Ci16H1205 + +

Luteolin-di-O-glucuronide Ca7H26015 +

Luteolin-4’-O-glucuronide-7-O-[feruloyl-(—2)-glucuronyl-(1—2)glucuronide] C43H42057 +

Luteolin-7-O-glucuronide C21H15012 +

Luteolin (3'.4'.5.7-Tetrahydroxyflavone) Ci15H1006 + +

Tricin-7-O-glucuronide Ca3H22013 +

Tricin-7-O-[feruloyl-(—2)-glucuronyl-(1—2)-glucuronide] C39H35022 F +

Tricin (3'.5'-Dimethoxy-4'5.7-trihydroxyflavone) Cy7H1407 + +

4'.7-Dihydroxyflavone C15H1004 + +

Methoxy-tetrahydroxyflavone Ci16H1207 + +

3'-Methoxy-4'.5.5'.7-tetrahydroxyflavone-7-O-glucuronide CooHz0013 +

Isoflavones

Alfalone (4'.7-Dimethoxy-6-hydroxyisoflavone) C17H1405 + +

Formononetin (7-Hydroxy-4'-methoxyisoflavone) Ci16H1204 + +

Ononin (Formononetin 7-O-glucoside) C22H2209 +

Biochanin A (4'-Methylgenistein) C16H1205 + +

Chalcones

Isoliquiritigenin C15H1204 + +

Coumestans

Coumestrol C15HgOs + +

9-O-Methylcoumestrol Ci16H1005 + +

Medicagol C16HgO6 + +

Sativol C16H1006 +

Pterocarpans

Medicarpin (3-Hydroxy-9-methoxypterocarpan) C16H1404 aF

Methylnissolin C17H1605 +

Phenolic acids

Ferulic acid C10H1004 +

Dihydroferulic acid C10H1204 <F

Caffeic acid CoHgO4 +

Feuloylglucose Ci16H2009 +

Sinapic acid (Cis isomer) C11H1205 +

Sinapic acid (Trans isomer) C11H1205 +

Unknown hydroxybenzoic acid derivative C16H1006 +

Alkaloids

(continued on next page)



D. Barna et al.

Table 3 (continued)
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Compound Formula Non- Fermented
fermented BJ
BJ

Trigonelline C;H7NO, aF aF

Organic acids

Benzoyltartaric acid C11H1007 + +

Hydroxyphenyllactic acid CoH1004 4

Dihydroxy-phenylpropionic acid CoH1004 +

3-Phenyllactic acid CoH;003 I

Terpenes

Dihydroactinidiolide C11H1602 + +

Fatty acid/dicarboxylic acid

12-Hydroxydodecanoic acid C12H2403 + +

Azelaic acid (Nonanedioic acid) CoH1604 + 4k

Dodecanedioic acid C12Ho504 + aF

Dihydroxydodecanoic acid C12H2404 + +

Traumatic acid or izomer C12H2004 “F

the same line, the concentration of formononetin increased from 66.7
(first harvest) to 295.0 ng mL~! (third harvest). Also, liquiritigenin
concentration varied from 1.5 ng mL™! in the first harvest to 41.6 ng
mL~! in the third harvest. On the other hand, the following bioactive
compounds showed higher concentration in the fermented BJ of the third
harvest compared to the first and second harvests: riboflavin, nicotin-
amide, apigenin-7-O-glucuronide, luteolin, formononetin, biochanin A,
liquiritigenin, and quercetin. Vitamin content was slightly decreased in
all fermented BJ samples.

As mentioned above, most mapped molecules in BJ can be classified
as flavonoids. Flavonoids in general provide versatile health improving
effects by reducing oxidative stress, prevent chronic inflammatory dis-
eases (Birt and Jeffery, 2013) and play a key role in improving cardio-
vascular conditions (Hertog et al., 1993).

The amount of genkwanin decreased by 30 % on average in fer-
mented BJ in comparison to the non-fermented BJ. Genkwanin is a
methylated form of apigenin, therefore it might have been demethylated
into apigenin which can explain the observed outstanding change related

to apigenin, also known as 4',5,7-trihydroxyflavone. It had values in non-
fermented BJ a bit above 200 ng mL™! (219.2, 207.5, 204.1 ng mL ™! for
first, second and third harvest, respectively) and increased by more than
a magnitude (2114.4-2846.8 ng mL ') as a result of the fermentation. As
seen from the screening, this drastic increase could also be connected to
the conversion of glycosidic forms of apigenin into its bioactive aglycone
form, resulting in a less water-soluble substance. Apigenin is one of the
most abundant flavonoids in general. It possesses anticancer properties
(Madunic¢ et al., 2018) and diverse preferable pharmacological properties
(Hu et al., 2016), thus making the BJ a potential candidate for cancer
prevention research. Its significance is emphasized more by the fact that
edible sources of flavones are scarce (Manach et al., 2004). Likewise,
luteolin, tricin, formononetin, biochanin A and naringenin content also
increased consequently. Tricin was the second most abundant quantified
flavonoid with little changes connected to fermentation. Tricin is mainly
found in monocots and reported also in alfalfa as the monomer of lignin
(Lan et al., 2016; Ralph, 2020). Similarly to most other flavonoids, tricin
has promising antioxidant properties beneficial for human health and it

Table 4. Concentration (ng mL ") of bioactive compounds in non-fermented and fermented BJ of alfalfa (Medicago sativa var. Hunor-40) within three harvest times.

1% harvest

Non-fermented BJ Fermented BJ

2™ harvest

3™ harvest

Non-fermented BJ

Fermented BJ Non-fermented BJ Fermented BJ

Vitamins

Riboflavin 2042.7 1660.6
Nicotinic acid 972.3 365.6
Nicotinamide nd*. nd.
Biotin 32.0 25.9
Flavonoids

Genkwanin 42.4 30.2
Apigenin 219.2 2846.8
Apigenin-7-O-glucuronide 1850.8 1190.7
Luteolin 8.7 73.5
Tricin 978.0 990.9
Formononetin 66.7 210.7
Biochanin A 5.1 10.7
Isoquercitrin 31.6 5.8
Liquiritigenin 1.5 0.3
Quercetin nd. 2.9
Naringenin 27.5 48.7
Phenolic acids

Ferulic acid 154.6 117.5

1214.0 1093.4 1800.5 1694.7
578.3 302.8 708.5 338.8
nd. nd. 64.9 2.9
16.7 14.6 25.9 21.9
15.8 11.0 26.4 19.2
207.5 2629.9 204.1 2114.4
2987.8 1291.9 3233.5 1597.9
19.9 136.7 29.1 153.6
842.0 892.9 835.5 949.2
148.7 280.6 295.0 336.6
6.1 11.3 8.1 20.9
58.2 10.2 nd. nd.
15.0 3.6 41.6 4.6

nd. 3.6 nd. 3.9
34.2 65.7 19.8 40.4
143.7 126.7 127.4 116.1

* not detected.
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has a documented strong tumor suppressing effect (Zhou and Ibrahim,
2010). There was a 5.3-8.4x increase in luteolin content after fermen-
tation, contributing to the increased abundance of bioactive compounds
in fermented BJ. As Table 3 shows, several tricin and luteolin glycosyl
derivatives were found in BJ. Even though no quantitative measurements
were made of them, it is plausible that, similarly to apigenin, the glycosyl
side chains were used up during fermentation by microorganisms and
this is the reason for the significant increase in aglycones.

Naringenin, commonly found in citrus fruits, was proposed as a
candidate in therapeutics against a wide range of diseases and proven to
be potent against the most significant inflammatory conditions (Alam
et al., 2014). Content of isoquercitrin, and liquiritigenin dropped in BJ
after fermentation. The ferulic acid content was 9-24% lower in fer-
mented BJ than in non-fermented BJ. Ferulic acid has a wide range of
positive effects on the cellular level (Kumar and Pruthi, 2014), still, its
presence might be negligible due to its relatively low concentration in BJ
and plenty of common foods being a good source of ferulic acid (Mattila
and Hellstrom, 2007).

BJ, as a residual from agricultural processing has been proved to
contain valuable antioxidants. Fermented and non-fermented alfalfa BJ
presented a broad range of bioactive molecules, which implies that it
could be further processed, extracted, purified into value-added prod-
ucts. Despite the versatility of BJ and the promising results obtained from
this study, further extensive experiments are needed including moni-
toring samples from production at scale.

4. Conclusions

The present study aimed to investigate the variations in the TFC, TPC,
antioxidant capacity (including ACW, and ACL) and phytochemical
composition of a liquid fraction obtained during the isolation of leaf
proteins from fresh biomass of alfalfa using the green biorefinery tech-
nique upon the harvest time and alfalfa variety. The results illustrated
that the TPC and TFC were the highest in the BJ obtained from the Hunor
variety during the third harvest. The highest ACW and ACL were noticed
in the BJ of Dimitra variety during the second and first harvests,
respectively. The HPLC MS/MS analyses showed that the BJ is rich in B
vitamins, including riboflavin, nicotinic acid, nicotinamide, and biotin.
Moreover, applying the lacto-fermentation process for the fresh BJ
markedly influenced its phytochemical composition, where all the
detected B vitamins showed lower contents in the fermented BJ than in
the non-fermented one. Also, these vitamins changed considerably
within the harvest time as the highest contents corresponded to the first
harvest. The findings obtained from this study should be strengthened by
data generated from large-scale production in future studies and could be
extended to other relevant crop species, e.g., grasses and legumes.

E-supplementary data of this work can be found in online version of
the paper.

Declaration
Author contribution statement

Déme Barna; Eva Domokos-Szabolcsy; Néra Bakonyi: Conceived and
designed the experiments; Analyzed and interpreted the data; Wrote the
paper.

Tarek Alshaal: Analyzed and interpreted the data; Wrote the paper.

Ibolya O. Téth; Zoltan Cziéky: Performed the experiments.

Miklés Gabor Fari: Contributed reagents, materials, analysis tools or
data.

Funding statement

Mr. Déme Barna was supported by Magyarorszag Korméanya [UNKP-
20-3].

Heliyon 8 (2022) e11655

This work was supported by Magyarorszag Kormanya [GINOP-2.2.1-
15-2017-00051, TKP2021-EGA-20, EFOP-3.6.1-16-2016-00022, EFOP-
4.2.1-16].

Data availability statement

Data included in article/supp. material/referenced in article.

Declaration of interest's statement

The authors declare the following conflict of interests: The University
of Debrecen registered a patent (W0-2019150144-A1) related to the
biomass processing method used in this article with E. D-Sz and MG. F. as
inventors. The authors declare there are no other conflicts of interest.

Additional information

Supplementary content related to this article has been published
online at https://doi.org/10.1016/j.heliyon.2022.e11655.

References

Alam, M.A., Subhan, N., Rahman, M.M., Uddin, S.J., Reza, H.M., Sarker, S.D., 2014. Effect
of citrus flavonoids, naringin and naringenin, on metabolic syndrome and their
mechanisms of action. Adv. Nutr. 5, 404-417.

Bakonyi, N., Kisvarga, Sz., Barna, D., O. Téth, L., El-Ramady, H., Abdalla, N., Kovécs, Sz.,
Rozbach, M., Fehér, Cs., Elhawat, N., Alshaal, T., Fari, M.G., 2020. Chemical traits of
fermented alfalfa Brown juice: its implications on physiological, biochemical,
anatomical, and growth parameters of celosia. Agronomy 10, 247.

Bals, B., Dale, B.E., 2011. Economic comparison of multiple techniques for recovering leaf
protein in biomass processing. Biotechnol. Bioeng. 108, 530-537.

Bar-On, Y.M., Milo, R., 2019. The global mass and average rate of rubisco. Proc. Natl.
Acad. Sci. USA 116, 4738-4743.

Barna, D., Kisvarga, S., Kovécs, S., Csatari, G., O. Téth, 1., Fari, M.G., Alshaal, T.,
Békonyi, N., 2021. Raw and fermented alfalfa Brown juice induces changes in the
germination and development of French marigold (Tagetes patula L.) plants. Plants
10, 1076.

Bernatoniene, J., Kazlauskaite, J.A., Kopustinskiene, D.M., 2021. Pleiotropic effects of
isoflavones in inflammation and chronic degenerative diseases. Int. J. Mol. Sci. 22,
5656.

Birt, D.F., Jeffery, E., 2013. Flavonoids. Adv. Nutr. 4, 576-577.

Bodr, A., Bélafiné Bako, K., 2010. Determination of Antioxidant Content in Sloe (Prunus
Spinosa L.) and Dogwood (Cornus Mas L.) Fruits. Kokény (Prunus Spinosa L.) Es
Hisos Som (Cornus Mas L.) Gyiimolcslevek Kezelése Membran Szeparacios
Miiveletekkel. Conference of Chemical Engineering, 2010. Conference proceeding. 4.

Craney, A., Ozimok, C., Pimentel-Elardo, S.M., Capretta, A., Nodwell, J.R., 2012.
Chemical perturbation of secondary metabolism demonstrates important links to
primary metabolism. Chem. Biol. 19, 1020-1027.

Erb, M., Kliebenstein, D.J., 2020. Plant secondary metabolites as defenses, regulators, and
primary metabolites: the blurred functional trichotomy. Plant Physiol. 184, 39-52.

Ereky, K., 1933. Lucerne hay meal or chopped green lucerne. Deutsche
Landwirtschaftliche Presse 60, 295-296.

European Commission, 2019. Bioeconomy Policy. Policy Background, Strategy and
Contribution to the Commission’s Political Agenda of Bioeconomy Policy. https://ec
.europa.eu/research/bioeconomy/index.cfm?pg=policy&amp;lib=strategy (accessed
23th March 2020).

European Commission, 2022. Directorate-General for Research and Innovation, European
Bioeconomy Policy : Stocktaking and Future Developments : Report from the
Commission to the European Parliament, the Council, the European Economic and
Social Committee and the Committee of the Regions. Publications Office of the
European Union. https://data.europa.eu/doi/10.2777/997651.

Fari, M.G., Domokos-Szabolcsy, E., 2019. WO2019150144 method for producing plant
protein coagulum. WO/2019/150144.

Gallego, A., Hospido, A., Moreira, M.T., Feijoo, G., 2011. Environmental assessment of
dehydrated alfalfa production in Spain. Resour. Conserv. Recycl. 55, 1005-1012.
Garg, R.C., 2016. Chapter 44 - fenugreek: multiple health benefits. In: Gupta, R.C. (Ed.),

Nutraceuticals. Academic Press, Boston, pp. 599-617.

George, F., Daniel, C., Thomas, M., Singer, E., Guilbaud, A., Tessier, F.J., Revol-
Junelles, A.M., Borges, F., Foligné, B., 2018 Nov 27. Occurrence and dynamism of
lactic acid bacteria in distinct ecological niches: a multifaceted functional health
perspective. Front. Microbiol. 9, 2899. PMID: 30538693; PMCID: PMC6277688.

Gotawska, S., Sprawka, 1., Lukasik, 1., 2014. Effect of saponins and apigenin mixtures on
feeding behavior of the pea aphid, Acyrthosiphon pisum Harris. Biochem. Systemat.
Ecol. 55, 137-144.

Grela, E.R., Pietrzak, K., 2014. Production technology, chemical composition and use of
alfalfa protein-xanthophyll concentrate as dietary supplement. J. Food Process.
Technol. 5, 10.

Gulcin, 1., 2020. Antioxidants and antioxidant methods: an updated overview. Arch.
Toxicol. 94, 651-715.


https://doi.org/10.1016/j.heliyon.2022.e11655
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref1
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref1
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref1
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref1
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref2
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref2
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref2
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref2
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref2
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref2
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref2
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref2
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref2
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref3
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref3
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref3
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref4
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref4
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref4
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref5
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref5
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref5
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref5
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref5
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref5
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref5
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref5
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref5
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref6
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref6
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref6
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref7
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref7
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref8
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref8
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref8
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref8
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref8
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref8
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref8
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref8
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref8
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref8
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref8
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref8
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref8
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref8
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref8
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref8
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref8
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref9
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref9
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref9
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref9
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref11
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref11
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref11
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref12
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref12
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref12
https://ec.europa.eu/research/bioeconomy/index.cfm?pg=policy&amp;lib=strategy
https://ec.europa.eu/research/bioeconomy/index.cfm?pg=policy&amp;lib=strategy
https://ec.europa.eu/research/bioeconomy/index.cfm?pg=policy&amp;lib=strategy
https://ec.europa.eu/research/bioeconomy/index.cfm?pg=policy&amp;lib=strategy
https://ec.europa.eu/research/bioeconomy/index.cfm?pg=policy&amp;lib=strategy
https://data.europa.eu/doi/10.2777/997651
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref15
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref15
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref15
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref15
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref16
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref16
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref16
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref17
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref17
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref17
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref18
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref18
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref18
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref18
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref18
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref19
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref19
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref19
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref19
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref20
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref20
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref20
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref21
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref21
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref21
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref21

D. Barna et al.

Heim, K.E., Tagliaferro, A.R., Bobilya, D.J., 2002 Oct. Flavonoid antioxidants: chemistry,
metabolism and structure-activity relationships. J. Nutr. Biochem. 13 (10), 572-584.

Hertog, M.G.L., Feskens, E.J.M., Kromhout, D., Hertog, M.G.L., Hollman, P.C.H.,
Hertog, M.G.L., Katan, M.B., 1993. Dietary antioxidant flavonoids and risk of
coronary heart disease: the Zutphen Elderly Study. Lancet 1007-1011. Originally
published as Volume 2, Issue 8878 342.

Hollo, J., Kralovanszky, U.P., 2000. Biotechnology in Hungary. In: Fiechter, A. (Ed.),
History of Modern Biotechnology I, Advances in Biochemical Engineering/
Biotechnology, 69. Springer, Berlin, Heidelberg.

Hu, W., Wang, X., Wu, L., Shen, T., Ji, L., Zhao, X,, Si, C.-L., Jiang, Y., Wang, G., 2016.
Apigenin-7-0--D-glucuronide inhibits LPS-induced inflammation through the
inactivation of AP-1 and MAPK signaling pathways in RAW 264.7 macrophages and
protects mice against endotoxin shock. Food Funct. 7, 1002-1013.

Jasinski, M., Kachlicki, P., Rodziewicz, P., Figlerowicz, M., Stobiecki, M., 2009. Changes
in the profile of flavonoid accumulation in Medicago truncatula leaves during
infection with fungal pathogen Phoma medicaginis. Plant Physiol. Biochem. 47,
847-853.

Kaszas, L., Alshaal, T., Kovacs, Z., Koroknai, J., Elhawat, N., Nagy, E., El-Ramady, H.,
Féri, M., Domokos-Szabolcsy, E., 2020. Refining High-Quality Leaf Protein and
Valuable Co-products from green Biomass of Jerusalem Artichoke (Helianthus
Tuberosus L.) for Sustainable Protein Supply. Biomass Conversion andBiorefinery.

Kiel, P., Andersen, M., Liibeck, M., 2015. A Method of Providing Functional Proteins from
a Plant Material, WO2015197078A1.

Kim, D.-O., Chun, O.K., Kim, Y.J., Moon, H.-Y., Lee, C.Y., 2003. Quantification of
polyphenolics and their antioxidant capacity in fresh plums. J. Agric. Food Chem. 51,
6509-6515.

Kumar, N., Pruthi, V., 2014. Potential applications of ferulic acid from natural sources.
Biotechnology Reports 4, 86-93.

Lan, W., Rencoret, J., Lu, F., Karlen, S.D., Smith, B.G., Harris, P.J., del Rio, J.C., Ralph, J.,
2016. Tricin-lignins: occurrence and quantitation of tricin in relation to phylogeny.
Plant J. 88, 1046-1057.

Liibeck, M., Liibeck, P.S., 2019. Application of lactic acid bacteria in green biorefineries.
FEMS Microbiol. Lett. 366, fnz024.

Maduni¢, J., Maduni¢, 1.V., Gajski, G., Popi¢, J., Garaj-Vrhovac, V., 2018. Apigenin: a
dietary flavonoid with diverse anticancer properties. Cancer Lett. 413, 11-22.

Manach, C., Scalbert, A., Morand, C., Rémésy, C., Jiménez, L., 2004. Polyphenols: food
sources and bioavailability. Am. J. Clin. Nutr. 79, 727-747.

Manna, S.K., 2012. Double-edged sword effect of biochanin to inhibit nuclear factor
kappaB: suppression of serine/threonine and tyrosine kinases. Biochem. Pharmacol.
83, 1383-1392.

Martinez, E.J., Micolucci, F., Gomez, X., Molinuevo-Salces, B., Uellendahl, H., 2018.
Anaerobic digestion of residual liquid effluent (brown juice) from a green
biorefinery. Int. Journal of Environmental Science and Technology 15, 2615-2624.

Mattila, P., Hellstrém, J., 2007. Phenolic acids in potatoes, vegetables, and some of their
products. Journal of Food Composition and Analysis. The essential balance: Risks and
benefits in food safety and quality 20, 152-160.

Minorsky, P.V., 2002. The hot and the classic. Plant Physiol. 128, 7-8.

Nemes, A., Stefanovitsné Banyi, E., Remenyik, J., 2015. Development of a new
measurement method to determine plant antioxidant status. Acta Agraria
Debreceniensis (63), 105-112.

Neugart, S., Baldermann, S., Hanschen, F.S., Klopsch, R., Wiesner-Reinhold, M.,
Schreiner, M., 2018. The intrinsic quality of brassicaceous vegetables: how secondary
plant metabolites are affected by genetic, environmental, and agronomic factors. Sci.
Hortic. 233, 460-478.

Novik, G., Meerovskaya, O., Savich, V., 2017. Waste Degradation and Utilization by Lactic
Acid Bacteria: Use of Lactic Acid Bacteria in Production of Food Additives. Bioenergy
and Biogas; IntechOpen.

Pecetti, L., Tava, A., Romani, M., De Benedetto, M.G., Corsi, P., 2006. Variety and
environment effects on the dynamics of saponins in lucerne (Medicago sativa L.). Eur.
J. Agron. 25, 187-192.

Pirie, N.-W., 1942. The direct use of leaf protein in human nutrition. Chem. Ind. 61,
45-48.

Heliyon 8 (2022) e11655

Poji¢, M., MiSan, A., Tiwari, B., 2018. Eco-innovative technologies for extraction of
proteins for human consumption from renewable protein sources of plant origin.
Trends Food Sci. Technol. 75, 93-104.

Popov, LN., Lewin, G., 1994. Photochemiluminescent detection of antiradical activity: II.
Testing of nonenzymic water-soluble antioxidants. Free Radic. Biol. Med. 17, 267-271.

Popov, LN., Lewin, G., 1996. Photochemiluminescent detection of antiradical activity; IV:
testing of lipid-soluble antioxidants. J. Biochem. Biophys. Methods 31, 1-8.

Purkiewicz, A., Ciborska, J., Taniska, M., Narwojsz, A., Starowicz, M., Przybytlowicz, K.E.,
Sawicki, T., 2020. The impact of the method extraction and different carrot variety on
the carotenoid profile, total phenolic content and antioxidant properties of juices.
Plants 9, 1759.

Rafinska, K., Pomastowski, P., Wrona, O., Gorecki, R., Buszewski, B., 2017. Medicago
sativa as a source of secondary metabolites for agriculture and pharmaceutical
industry. Phytochemistry Letters 20, 520-539.

Ralph, J., 2020. Tricin and tricin-lignins in Medicago versus in monocots. New Phytol.
228, 11-14.

Reddy, G.U., Nagoya, U., (Japan), F., Deshmukh, V.R., Joshi, R.N., Kayama, R., 1987.
Utilization of Alfalfa (Medicago Sativa L.) Whey as a Fertilizer in Irrigation. Journal
of Japanese Society of Grassland Science (Japan).

Santamaria-Fernandez, M., Liibeck, M., 2020. Production of leaf protein concentrates in
green biorefineries as alternative feed for monogastric animals. Anim. Feed Sci.
Technol. 268, 114605.

Santamaria-Fernandez, M., Molinuevo-Salces, B., Liibeck, M., Uellendahl, H., 2018.
Biogas potential of green biomass after protein extraction in an organic biorefinery
concept for feed, fuel and fertilizer production. Renewable Energy, 1st International
Conference on Bioresource Technology for Bioenergy, Bioproducts & Environmental
Sustainability 129, 769-775.

Starowicz, M., Arpaci, S., Topolska, J., Wronkowska, M., 2021. Phytochemicals and
antioxidant activity in oat-buckwheat dough and cookies with added spices or herbs.
Molecules 26, 2267.

Thomsen, M.H., 2005. Complex media from processing of agricultural crops for microbial
fermentation. Appl. Microbiol. Biotechnol. 68, 598-606.

Thomsen, M.H., Kiel, P., 2008. Selection of lactic acid bacteria for acidification of brown
juice (grass juice), with the aim of making a durable substrate for L-lysine
fermentation. J. Sci. Food Agric. 88, 976-983.

Thomsen, M.H., Bech, D., Kiel, P., 2004. Manufacturing of stabilised Brown juice for L-
lysine production — from university lab scale over pilot scale to industrial production.
Chem. Biochem. Eng. Q. 10.

Thomsen, M.H., Alassali, A., Cybulska, I., Yousef, A.F., Brown, J.J., Andersen, M.,
Ratkov, A, Kiel, P., 2015. Microorganisms for biorefining of green biomass. In:
Kamm, B. (Ed.), Microorganisms in Biorefineries, Microbiology Monographs, 26.
Springer Berlin Heidelberg, Berlin, Heidelberg, pp. 157-181.

Ubando, A.T., Felix, C.B., Chen, W.-H., 2020. Biorefineries in circular bioeconomy: a
comprehensive review. Bioresour. Technol. 299, 122585.

von Braun, J., 2018. Bioeconomy - the global trend and its implications for sustainability
and food security. Global Food Secur. 19, 81-83.

Wang, Y., Wy, J., Lv, M., Shao, Z., Hungwe, M., Wang, J., Bai, X., Xie, J., Wang, Y.,
Geng, W., 2021 May 12. Metabolism characteristics of lactic acid bacteria and the
expanding applications in food industry. Front. Bioeng. Biotechnol. 9, 612285. PMID:
34055755; PMCID: PMC8149962.

Weimer, P.J., Digman, M.F., 2013. Fermentation of alfalfa wet-fractionation liquids to
volatile fatty acids by Streptococcus bovis and Megasphaera elsdenii. Bioresour.
Technol. 142, 88-94.

Wu, Fang, Shi, Shangli, Chang, Liu, Zhang, Huihui, Li, Xinglong, Li, Zili, 2022.
Optimization of the extraction of total phenols from Medicago sativa and its
antioxidant capacity. Chem. Biodiversity 19, e202100898.

Zanin, V., 1998. A new nutritional idea for man: lucerne leaf concentrate. APEF,
Association Pour la Promotion des Extraits Foliaires en Nutrition.

Zhao, N., Wang, G., Norris, A., Chen, X., Chen, F., 2013. Studying plant secondary
metabolism in the age of genomics. Crit. Rev. Plant Sci. 32, 369-382.

Zhou, J.-M., Ibrahim, R.K., 2010. Tricin—a potential multifunctional nutraceutical.
Phytochemistry Rev. 9, 413-424.


http://refhub.elsevier.com/S2405-8440(22)02943-7/sref22
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref22
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref22
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref23
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref23
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref23
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref23
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref23
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref24
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref24
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref24
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref24
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref24
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref25
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref25
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref25
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref25
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref25
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref25
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref26
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref26
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref26
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref26
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref26
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref26
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref27
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref27
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref27
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref27
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref27
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref27
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref27
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref27
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref27
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref28
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref28
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref29
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref29
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref29
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref29
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref30
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref30
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref30
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref31
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref31
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref31
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref31
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref33
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref33
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref34
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref34
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref34
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref34
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref34
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref34
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref35
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref35
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref35
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref35
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref35
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref35
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref36
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref36
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref36
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref36
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref37
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref37
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref37
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref37
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref38
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref38
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref38
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref38
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref38
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref39
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref39
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref40
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref40
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref40
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref40
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref40
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref40
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref40
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref41
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref41
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref41
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref41
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref41
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref42
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref42
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref42
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref43
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref43
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref43
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref43
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref44
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref44
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref44
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref45
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref45
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref45
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref45
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref45
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref45
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref46
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref46
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref46
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref47
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref47
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref47
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref48
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref48
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref48
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref48
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref48
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref49
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref49
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref49
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref49
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref49
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref49
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref50
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref50
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref50
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref51
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref51
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref51
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref52
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref52
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref52
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref52
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref53
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref53
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref53
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref53
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref53
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref53
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref53
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref53
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref54
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref54
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref54
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref55
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref55
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref55
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref56
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref56
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref56
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref56
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref57
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref57
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref57
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref57
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref58
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref58
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref58
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref58
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref58
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref59
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref59
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref60
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref60
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref60
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref60
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref61
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref61
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref61
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref61
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref62
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref62
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref62
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref62
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref63
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref63
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref63
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref64
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref64
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref65
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref65
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref65
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref66
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref66
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref66
http://refhub.elsevier.com/S2405-8440(22)02943-7/sref66

	Bioactive metabolite profile and antioxidant properties of brown juice, a processed alfalfa (Medicago sativa) by-product
	1. Introduction
	2. Materials and methods
	2.1. Origin of BJ
	2.2. General phytochemical composition analysis
	2.2.1. Determination of total phenolics contents (TPC)
	2.2.2. Determination of total flavonoid contents (TFC)

	2.3. Antioxidant assays for the determination the antioxidant capacity of BJ
	2.4. Screening and quantification of phytochemicals in BJ by HPLC-MS/MS
	2.4.1. Sample preparation
	2.4.2. Screening for bioactive phytochemicals
	2.4.3. Quantification of bioactive phytochemicals
	2.4.4. Mass spectrometry conditions

	2.5. Statistical analysis

	3. Results and discussion
	3.1. TPC, TFC, ACW and ACL of alfalfa BJ
	3.2. Screening of phytochemicals in alfalfa BJ
	3.3. Quantification of phytochemicals in alfalfa BJ

	4. Conclusions
	Declaration
	Author contribution statement
	Funding statement
	Data availability statement
	Declaration of interest's statement

	Additional information
	References


