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Abstract

Aqueous extracts of whole alfalfa plants ( AP) and alfalfa pellets ( APe) were examined for
nutritional values, bioactive compounds (total phenolic content (TPC), phenolic compounds (PC), total
flavonoids content (TFC), flavonoids compounds (FC), isoflavones), amino acids (AA) and antioxidant
activity of AP and APe assessed via a DHHP radical scavenging assay and ferric reducing antioxidant
power (FRAP) assay. The potential ingredients in the form of AP and APe were used to evaluate the
nutritional values measured by chemical composition, and to investigate bioactive compounds, AA and
antioxidant activity to further contribute to use as a feed ingredient or application as a high-value
alternative feed supplement in the ruminant diet. Crude protein and tannins were higher in the APe (18.17
and 3.08 %) than the AP (16.21 and 1.80 %). Higher content of organic matter, crude fiber, neutral-
detergent fiber, acid-detergent fiber, acid-detergent lignin was observed for AP than APe. The TPC and
TFC were more abundant in AP than in APe and AP also showed stronger antioxidant activity via DPPH
than APe, with positive correlations of TPC, TFC and DPPH. The highest values of gallic acid in terms of
PC and apigenin in terms of FC of APe were 215.30 and 2278.27 pg/g dry weight (DW), respectively,
while the highest levels of genistein and daidzein occurred in AP at 104.37 and 130.91 pg/g DW,
respectively. The total of essential AA was found to be in vary the range of 9.33 to 16689.47 pg/g DW in
different forms of samples, with valine as the highest (5451 pg/g DW) in APe, followed by phenylalanine
(4.30 ug/g DW) in AP.
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Introduction

Nowadays, a diet that focuses on a plant-based diet (vegetables, legumes, and grains) is now
popular as people are more concerned about their health and they realize that meat or milk from livestock
farming inevitably affects their health particularly concerning nutrition and food safety. In recent decades,
phytochemical compounds, such as polyphenols, phenolic, flavonoids, and phytoestrogen derived from
legumes, especially soybean or white kidney bean, have been widely researched as an alternative natural
functional food supplement in terms of bioactive compounds. Although phytochemicals are not essential
nutrients for a healthy life, they are beneficial for health due to their preventive properties and the
reduction of the risk of non-communicable diseases (NCDs) [1]. Alfalfa ( Medicago sativa L.) is
recognized as one of the most important forage legumes because it is a major source of protein for
livestock (dairy cattle, beef cattle, horses, sheep, goats, and other classes of domestic animals). Although
the nutritional value of alfalfa and its phytochemicals is considerable and it is in increasing demand, it is
still not popular in Thailand because of its high price and the low yield of some varieties [2]. Whereas,
use of alfalfa in form of pellets on farms is more convenient [2]. Alfalfa produces more protein for the
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same area than sorghum in several countries of Europe and America. Furthermore, it is used in form of
hay, silage, cubes, and fodder for pasture animals, and it includes compounds found including saponin,
flavonoid, condensed tannin, coumestrol, carotenoid, and tocol [3]. Its tannin content can improve protein
utilization through increased absorption of the essential AA from the small intestine in sheep fed Lotus
corniculatus [4]. The important substances of flavonoids, isoflavones, flavonones, and chalcones are
found in legumes, which are grouped of phytoestrogen, especially isoflavones are a sub-class of
flavonoids [5], are an important substance found in soybeans and soybean products [6] and it is a phenolic
found in food and plants. Natural flavonoids have similar properties to estrogen because their structure
consists of a phenolic ring which makes them able to bind to the receptor protein of estrogen, so they are
classified as phytoestrogens. Flavonoids can replace a lack or deficiency of estrogen in postmenopausal
women and they can also be substituted for natural legume substances from isoflavones which could
reduce the risk of other side effects from long-term synthetic or replacement hormones. Isoflavones also
may reduce prostate cancer and osteoporosis risk [S]. The ingredients of ruminant animal feed contain
soy, soybean meal, or soy products that derive from legumes and which provide high-quality proteins. It
affects the concentration of isoflavone in soy ( Glycine max (L.) Merrill) which contains daidzein and
genistein, which are the isoflavones [6] and phytochemicals that are good for health, and phytoestrogen
acts like a female hormone (Estrogen, 17b-estradiol E2 Isoflavones). Estrogen, 17b-estradiol E2
Isoflavones are derived from soybean and have been widely researched as an alternative natural
functional food supplement to replace the estrogen hormone in women entering menopause. Although
there have been some reports of alfalfa nutritional values, little is known about the bioactive compound,
AA, and antioxidant activity information of different forms both in the AP cultivated in Thailand and
APe.

The objective of this research was to compare nutritional values and identify and quantify the
bioactive compounds and AA, as well as to investigate the antioxidant activities of AP and APe to obtain
information regarding the application of alfalfa legume as a high-value ruminant feed ingredient material
or supplement in Thailand.

Materials and methods

Planting and harvesting alfalfa materials

The alfalfa ( Medicago sativa) seeds were obtained from the Bureau of Animal Nutrition
Development, Department of Livestock Development, Ministry of Agriculture and Cooperatives,
Thailand. Alfalfa seeds were cultivated to be firmly grown in a seedling tray for 30 days, then the
seedlings were transplanted into three field plots (3x3 m?) at the experimental farm of the Agricultural
Research Facility of the Faculty of Agricultural Technology, Burapha University ( BUU), Sa Kaeo
campus, Watthananakhon district, Sa Kaeo, Thailand (Figure 1). The field plots are dry and shallow
sandy soil with low fertility, which can be classified into groups of 49 types. After transplanting the
seedlings, they were watered every 4 days and a chemical fertilizer formula 15-15-15 was added at the
rate of 125 kg per hectare (ha). The AP were later harvested at cutting intervals of 75 days with the 3 cut
(225 days) under the finished trial being partially funded (Grant no. 24/2562) [2]. The fresh AP samples
were collected from each plot as whole plants at 10 cm above soil and then cut with a knife into 3-4 cm
lengths. Pre-drying AP was dried at 60 ° C for at least 48 h in a hot air-oven and later ground through a 1
mm screen into a fine powder using a grinder, and then divided into 2 subsamples. One portion was used
for determining chemical compositions, tannins and the other was extracted and used to determine
bioactive compounds, AA, and antioxidant activity. These samples were all ground and stored pending
analysis at 4 °C which was carried out immediately to avoid any changes in quality in the plastic lock
bags.

Collection of alfalfa pellets material
The APe was dehydrated pellets that were used for comparison with the AP. The APe were
thoroughly dried, ground, and stored by using the same procedure as for pre-drying AP previously.
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A = Alfalfa plants grown in experimental farm of the Agricultural Research Facility of the Faculty of Agricultural Technology, Burapha
University, Sa Kaco campus, Sa Kaco, Thailand.
B = The fresh alfalfa plants samples were collected at harvesting intervals of 75 days with the third cut cycle (225 days).
C =Pre-drying (B samples) was dried at 60 ° C for at least 48 h.
D = Ground samples (C samples) for chemical composition analysis.

Figure 1 Plantation and collection of AP material for chemical composition analysis.

Chemical analysis of alfalfa plants (AP)

An analysis of the chemical composition of AP samples was conducted to evaluate their nutrional
values, including dry matter (DM), OM, CP, ether extract (EE), ash, neutral-detergent fiber (NDF), acid-
detergent fiber (ADF), acid-detergent lignin (ADL), and tannin. Regarding the dried AP samples, the
process was repeated for DM content with oven drying at 135 °C for 2 h to a constant weight following a
method based on the Association of Official Analytical Chemists (AOAC) [7] official method
recommendations as in the procedure described in 2016 (method 930.15). The CP was analyzed using an
in-house method based on the AOAC [7] (Kjeldahl Nx6.25, method 2001.11). The EE was determined by
using petroleum ether (AOAC as in the procedure described in 2010 [8]); method 2003.05). Ash was
analyzed following the AOAC [7] (method 942.05). The CF was determined by the standard methods of
the AOAC method 962.09 [8]. The NDF, ADF and ADL were determined using the method described by
Van Soest et al. [9] adapted for a Fiber Analyzer. Sodium sulfite was used in the neutral detergent
solution for NDF analysis. The NDF and ADF are expressed inclusive of residual ash. Determination of
tannins (on a DM basis) was carried out by following Burns as described in a procedure in 1971 [10]. The
chemical analysis was expressed on the basis of the final DM. The analyses were performed on each
sample in 3 replicates.

Chemical analysis of alfalfa pellets (APe)

The DM was conducted following the standard methods of AOAC [7] (method 930.15), CP
(method 2001.11) [7], EE (method 2003.05) [8] respectively, and analyzed according to AOAC [7] for
ash (method 942.05), and CF (method 962.09) [8]. The NDF, ADF, and ADL were analyzed following
the method of Van Soest ef al. [9]. Determination of tannins was carried out by following Burns [10].

Total phenolic content (TPC)

The extracts prepared from the 5 g dried samples with 20 mL of 80 % methanol (v/v) on a shaking
incubator set at 37 °C for 12 h. The extracted sample was filtered through a Whatman No.1 filter. After
mixing supernatant with other previously extracted supernatants of the sample under identical conditions
and combined before being decanted into a vial and then stored at -20 °C until the TPC, TFC and
anitioxidant activity were measured. To determine the contents of TPC Folin—Ciocalteu’s reagent was
used as previously described by Kubola and Siriamornpun [ 11] and then compared to the standard of
gallic acid. Three hundred microliters of sample extract were mixed with 10 % of the Folin—Ciocalteu
reagent and 2 mL of 7.5 % sodium carbonate (Na,COs3) solution. The absorbancy was measured at 725
nm using a spectrophotometer, after incubation time at room temperature for 90 min. Gallic acid
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equivalents (GAE) at a concentration of 1 to 1,000 mg/L which was used as a standard for expressed the
amount of the TPC of the sample extract. The total quantity of phenolics was expressed in milligrams
GAE per gram of DW sample (mg GAE/g DW) based on the gallic acid standard curve.

Total flavonoid content (TFC)

Dried samples were extracted under the same conditions as for TPC. The TFC was determined
using the colorimetric method described by Kubola and Siriamornpun [11]. To determine the total amount
of flavonoid compounds, 500 pL of the sample extracts were mixed with 2.25 mL of distilled water. The
extracted samples were added with 150 uL of 5 % NaNO, solution. After 6 min, 300 pL of a 10 %
AICI3.6H,0 solution was added and allowed to stand for another 5 min before 1.0 mL of 1 M NaOH was
added. The mixture was mixed well using a vortex, then the absorbance was taken at 510 nm using a UV-
vis spectrophotometer. The results were expressed in mg rutin equivalents in 1 g of the dried sample (mg
RE/g).

Phenolic acids (PC) and flavonoid compounds (FC)

The PC and FC were carried out according to the method described previously by Kubola et al. [12]
with some modifications. Each sample (5 g) was mixed with 50 mL of methanol/HCL (100:1, v/v) in a
shaking incubator for 12 h at 37 °C. The extract was then centrifuged at 8,000 rpm/min, and the
supernatant was filtered through the Whatman No. 4 filter. The concentration of the residue was increased
by separating solvents using a rotary evaporator at 40 °C until the volume was less than 5 mL. The
residue was re-dissolved in 5 mL of methanol/water (80:20, v/v) and filtered through a 0.45 um filter
before injection 20 puL) into a high-performance liquid chromatography (HPLC) aperture. Samples were
analyzed in triplicate. HPLC-DAD system for analysis of PC and FC: the reverse phase RP-HPLC system
for analysis of phenolic compounds HPLC analysis was performed using Shimadzu LC-20AC pumps, an
SPD-M20A diode array detector and chromatographic separations were performed on a LUNA C-18
column (4.6x250 mm? i.d., 5 um). The mobile phase was under gradient elution conditions. The mobile
phase consisted of purified water with 1 % acetic acid (solvent A) and the other mobile phase was
acetonitrile (solvent B). Gradient elution was performed as follows: from 0 to 40 min, linear gradient
from 30 to 70 % solvent B; from 40 to 45 min, 20 to 80 % solvent B; from 45 to 55 min, linear gradient
from 15 to 85 % solvent B; from 55 to 57 min, linear gradient from 10 to 90 % solvent B. The operating
conditions of column temperature were 38 °C, injection volume, 20 pL, and photo diode array detection at
280, 320 (phenolic) , and 370 nm ( flavonoid). The PC and FC in the samples were identified by
comparing their relative retention times and the substance compared to the standard substances of PC and
FC.

Isoflavone content

The determination of isoflavone content was conducted as previously described by Akitha et al.
[13]. Samples of 5 g of dried finely ground samples were added to 50 mL of 80 % methanol for extraction
for 12 h at 35 °C in a rotary shaker set at 150 rpm/min. After the extraction time was over, the solution
was filtered through Whatman No. 1 filter paper. The filtrate was kept at —20 °C until analysis and then
subsequently analyzed by HPLC to obtain the isoflavone from the samples. Analysis of the isoflavone
content was performed using HPLC; Shimadzu LC-20AC pumps, an SPD-M20A diode array detector,
and a LUNA C-18 column (4.6x250 mm? i.d., 5 um). Before analysis, the sample extract was filtered
through a 0.45 pm filter and transferred into HPLC vials. The mobile phase consisted of 3 phases as
follows: phase A used a purified DI water (ratio 50 %), phase B used acetonitrile (ratio 10 %) (solvent B)
and phase D used 1 % acetic acid in DI water (v/v) (ratio 40 %) with a setting under isocratic conditions.
A 20 pL of the sample extract was injected at a flow rate of 1 mL/min from 0 to 30 min. The column was
measured at a wavelength of 277 nm, compared to the duration of the standard substance (genestein).
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Amino acids by LCMS/MS

Sample extraction for the analysis of AA analysis was conducted following Thiele et al. [14]. A 0.5
mL aliquot of 0.5 M aqueous HCL-ethanol (1:1, v/v) as solvent was added to 100 g of dried and ground
material, then the extract was centrifuged at 12,000xg for 15 min at 4 °C, and the supernatant was
separated directly and used for analysis. Samples were analyzed using the AA method as performed by
Nimbalkar et al. [15] with some modifications. The LC-MS-MS analysis system consists of the Shimadzu
LCMS-8030 triple-quadrupole mass spectrometer (Shimadzu, Kyoto, Japan) operating system, ESI mode
(electrospray ionization), and HPLC system (Shimadzu LC-20AC series, Kyoto, Japan) consisting of a
vacuum degasser with a binary pump, a thermostated column oven, and an autosampler. Gradient eluent
was operated by the column couple InertSustain® C-1 8 (2.1x150 mm?, 3 um) with guard column
InertSustain® C-18 (2.1x10 mm?, 3 pm). The mobile phase A consisted of purified water with formic 0.1
% and methanol/water (50:50, v/v) mixed with formic 0.1 % (phase B) at a flow rate of 0.2 mL/min.
Gradient elution was performed for mobile phase B as follows: from 0 to 1 min/2 % (v/v), from 1 to 10
min/2-80 % (v/v); from 10 to 12 min/80 % (v/v), from 12 to 13 min/80-2 % (v/v), and from 12 to 15
min/2 % (v/v). The initial condition was as follows: 20 % eluent B, with the column set at 38 °C.
Injections were carried out with an autosampler operating at 4 °C and the autosampler was washed before
and after the injection of the samples using methanol as a nebulizing gas cleaner and dried gas as nitrogen
at a flow rate of 3.0 and 15.0 L/min with the ion source voltage of 4.5 kV. The DL temperature was 250
°C and the heat block temperature was 400 °C. The multiple reaction monitoring (MRM) conditions for
AA on LCMS/MS, where argon was generated from gas collision (CID) at 230 kPa, with the detector
voltage, were set at 1.72 kV.

Antioxidant activity

DPPH radical scavenging assay

The scavenging activity of the extracts was estimated by using 2, 2-diphenyl-1-picrylhydrazyl
(DPPH) free radicals and a method adapted from Wanyo et al. [16]. Aqueous extract (0.1 mL) was added
to 3 mL of a solution of 0.001 M DPPH in methanol. The mixture was shaken vigorously and left to stand
for 30 min in the dark at room temperature. The absorbance was measured spectrophotometrically at 517
nm. The activity was calculated according to an equation of percentage of free radical scavenging effect =
[ ( Apppu-Asampie) / Appea)]x100 (Apppn denotes absorbance without extract whilst AsampLe denotes
absorbance with extract). A standard of Trolox was utilized as a reference substance from the beginning 1
to 500 pg/mL. The results were expressed as the Trolox equivalent antioxidant capacity in mg Trolox
eq./g dried sample and calculated from a calibration curve of Trolox.

Ferric reducing antioxidant power (FRAP) assay

Antioxidant activity of the sample extracts were determined by the FRAP assay adapted from
Wanyo et al. [16] and Kubola ef al. [12]. The FRAP reagent was prepared by mixing as the following:
100 mL of acetate buffer (300 mM, pH 3.6), 10 mL TPTZ solution (10 mM TPTZ in 40 mM HCI), 10 mL
FeCl3*6H,0 (20 nM) in a ratio of 10:1:1 and 12 mL distilled water, and the mixtures were incubated at 37
°C. To perform the FRAP assay, 60 pulL. sample and 180 pL Milli-Q water were mixed with 1.8 mL of
FRAP reagent, standard or blank tubes were then added to the test tubes, and incubated at 37 °C for 4
min, absorbance was read at 593 nm, using the FRAP working solution as a blank. FRAP values of the
sample based on the FRAP assay were reported as mgFe?" per gram of dried sample (mgFe?"/g).

Statistical analysis

All data of the analysis of the chemical composition, bioactive compounds, AA, and antioxidant
activities of AP and APe were evaluated for variances and differences by using the F-test and the mean
differences were analyzed using a t-test with R statistics [17] . The results are presented as
meanststandard deviation (SD) of triplicate observations with a probability level of 0.05 significance.
Correlation coefficients among TPC, TFC, DPPH free radical scavenging activities, and FRAP assay
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were calculated by using the Analysis ToolPak in the Microsoft Excel Program to determine the
relationships among traits. Probability was considered to be significant at < 0.05.

Results and discussion

The DM, OM, CP, EE, ash, CF, NDF, ADF, ADL and tannin values of the AP and APe are
presented in Table 1. The moisture of the APe samples was lower than those of AP due to the practical
effects of dehydration in pellet forming. Dehydration requires pre-wilting and chopping in the field,
transportation to the plant, and drum-drying down to 10 % moisture [18]. These results show that the ash
of APe was remarkably higher than AP, and the results of this study also conform to the previous data
which reported the AP which had lower ash than APe [2]. The AP at harvesting intervals of 75 days with
the third cut cycle was lower in CP than APe. In general, alfalfa grown in the field in temperate region is
harvested during the flowering stage of each cutting, which has a high yield and quality [19]. However,
planting alfalfa in Thailand will bloom once a year in winter, therefore the alfalfa harvesting of this
experiment depended on the number of days. Whereas, the mechanical grinding and pelleting process-
induced some nutrient minor changes to the forage [20]. It is well known that NDF is a component of the
cell wall that contains all of the fibers: hemicellulose, cellulose, lignin, cutin, silica, keratin, which are
beneficial to ruminants since the rumen of ruminants contains microorganisms that can digest cellulose
and hemicellulose. Both AP and APe were similar in having a high content of fiber, especially the
proportion of hemicellulose, ruminants fed diets contain the with right proportions of fiber had possibly
greater utilization. Lignin is an inhibitor of digestion of hemicellulose that may have reduced digestibility.
Tannins were found among all samples of AP and APe, ranging from 1.80 to 3.08 %. Tannins are
phenolic secondary metabolites of their astringent plants which are also known as phytochemicals [21].
The use of tannin concentrations of not more than 5 % in ruminant feed will affect feed intake and may be
toxic to animals [22]. Tannins can increase the production of microbial proteins that can by-pass protein
through the small intestine in ruminants [23], so tannins are mechanically reduced and degraded by
microbes in the rumen. A larger amount of protein passes through the abomasum, which increases the
absorption of essential AA in the small intestine and is also absorbed by the animal itself to increase its
growth rate [24].
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Table 1 Comparison of chemical composition (%) of the AP and APe with the 3 values obtained for each

set with SD.
Item DM OM CP EE Ash
AP 93.444+1.005 85.33+0.963 16.21+0.067 1.42+0.101 8.12+0.100
APe 96.53+0.594 80.65+0.702 18.17+0.506 1.69+0.102 15.89+1.277
P value-T 0.01 0.01 0.05 0.05 0.001

sk sk % * sesksk
Item CF NDF ADF ADL Tannins
AP 26.63+0.332 45.81+0.074 38.47+0.702 9.89+0.076 1.80+0.031
APe 25.03+1.004 39.2840.326 31.11+0.140 6.07+0.663 3.08+0.060
P value-T 0.05 0.001 0.01 0.01 0.01

*

skksk

kox

Kok

sksk

AP = Alfalfa plants (The representation of the 1% to 3" replicated alfalfa plants at harvesting intervals of 75 days with
the 3" cut cycle results are an average of the 3 values obtained for each set with a standard deviation), APe = Alfalfa
pellets in January, March and June 2019, DM = Dry matter, OM = Organic matter, CP = Crude protein, EE = Ether
extract, CF = Crude fiber, NDF = Neutral detergent fiber, ADF = Acid detergent fiber, ADL = Acid detergent lignin,
* Significance at p < 0.05, ** Significance at p <0.01, *** Significance at p <0.001

Table 2 Quatification of TPC, TFC, PC, FC, isoflavone content and AA in AP and APe.

Items AP APe p-value (T)
TPC (mgGAE/g) 5.24+0.26 2.4240.02 ok
TFC (mgRE/g) 6.65+0.10 2.25+0.10 HoAk
DPPH (mg Trolox eq./g) 28.83+2.75 1.58+0.09 o
FRAP (mgFe*'/g) 2.09+0.11 3.25+0.08 oAk
Phenolic compounds (ng/g DW)
Gallic acid (GA) 3.14+0.37 215.30+3.35 HoHk
Protocatechuic acid (PCCA) nd 78.55+1.47
p-hydroxybenzoic acid (p-HO) 74.39+1.67 131.03£3.07 otk
Chlorogenic acid (ChA) nd 56.29+3.57
Vanilic acid (VA) 4.24+0.08 78.79+2.81 oAk
Caffeic acid (CFA) 11.48+0.01 143.58+4.77 ok
Syrigic acid (SyA) 2.79+0.03 17.22+0.84 Ak
p-Coumaric acid (p-CA) 64.82+0.65 53.91£3.09 *
Ferulic acid (FA) 22.25+2.53 142.22+45.54 ok
Sinapic acid (SNA) 24.36+1.68 18.72+1.99 ok
Total 207.47+27.26 935.61+63.18
Flavonoid compounds (ng/g DW)
Catechin 679.49+15.68 430.59+6.69
Rutin 264.57+4.55 42.28+3.41 HoAk
Myricetin 3910.40+425.57 1378.73+86.84 *ok
Luteolin 453.01+14.10 19.04+0.51
Quercetin nd 181.28+10.40
Apigenin 280.76+3.95 2278.27+£90.20 o
Total 5588+1645.15 4330.61+£915.07
Isoflavone (ng/g DW)
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Items AP APe p-value (T)
Genistein 104.37+£3.78 25.954+0.00 wokx
Daizein 130.91+5.15 55.12+0.01 Hkx
Amino acids (ng/g DW)

Histidine - 33.14+3.87

Isoleucine 0.08+0.00 3177.30+21.50 Hk
Leucine 0.20+0.00 3908.11+38.10 HHE
Lysine 0.01+0.00 135.54+1.76 *kk
Methionine 0.03+0.00 11.74+0.94 *ok
Phenylalanine 4.30+0.08 2544.94+13.03 HAx
Threonine 0.21+0.01 419.34+14.16 Hk
Tryptophan 1.42+0.02 865.83+7.33 ook
Valine 3.08+0.15 5451.31+46.43 Hkk
Arginine - 142.224+14.05

TEA 9.33+0.24 16689.47+155.66 ok
TAA 9.33+0.24 16831.69+169.71 Hkk

Values are expressed as mean+SD of triplicate measurements.

TPC = Total phenolic content, ( TPC was determined in comparison with standard gallic acid and the results
expressed in terms of mg GAE/g), TFC = Total flavonoid content (TFC was determined by comparison with standard
rutin and the results expressed in terms of mg RE/g), DPPH = Radical scavenging assay, FRAP = Ferric reducing
antioxidant power assay, AP = Alfalfa plants, APe = Alfalfa pellets, TEA = Total essential amino acid, TAA = Total
amino acid, nd = Not detected, *Significance at p < 0.05, **Significance at p < 0.01, ***Significance at p < 0.001

The average values of TPC and TFC of APe in this study were 2.42 mg GAE/g, and 2.25 mg RE/g,
respectively, less than AP (5.24 mg GAE/g, and 6.65 mg RE/g, respectively (Table 2)). Kagan et al. [25]
reported that the TPC of alfalfa in 27 species using Folin-Ciocalteu colorimetric assay was 15.8+1.4 mg/g
DW. Different standard phenolic values yielded a response factor in different regions when analyzed with
a colorimetric assay. Several studies have shown that the TPC in the legumes varies depending on the
legume types or the growth period, such as ungerminated legumes, germinated legumes, or beans that
have been fermented or processed through heat (dry) following Dajanta and Rongkom [26].
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Figure 2 Contents of phenolic (A) and flavonoid (B) in AP and APe.

The detection and quantification of phenolic acids, namely, hydroxybenzoic acids ( gallic acid,
protocatechuic acid, and p-hydroxybenzoic acid) and hydroxycinnamic acids (chlorogenic acid, caffeic
acid, p-coumaric acid, ferulic acid, and sinapic acid), syrigic acid, and vanilic acid. The PC in APe was
the highest in gallic acid, and lowest in syrigic acid (Table 2). On the other hand, gallic acid and syrigic
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acid were the lowest, and protocatechuic acid and chlorogenic acid were absent in the AP samples. Wang
et al. [27] studied the phenolic acid contents and allelopathic potential of 10-cultivars of alfalfa and their
bioactivity. They found that the highest quantities of exuded allelochemicals phenolic acids included: p-
hydroxybenzoic acid, caffeic acid, chlorogenic acid, p-coumaric acid, ferulic acid, cinnamic acid and total
phenolic acids of aqueous extract from roots of alfalfa, including of Hunterriver, Longdong, Aohan,
Surprise, Pioneer, Victoria, Post mark, WL-525HQ, WL903 and WL-343HQ cultivars. The aerial parts of
10-cultivars of alfalfa (ug/g FW) contained a different level of phenolic acids in ranges: p-
hydroxybenzoic acid, caffeic acid, chlorogenic acid, coumaric acid, ferulic acid, cinnamic acid, and total
phenolic acids, while the p-hydroxybenzoic acid from Surprise, Victoria and WL-903 cultivars were at
39.18, 36.85 and 35.97 ng/g, respectively, which was higher than that of other alfalfa species. Wang et al.
[27] clearly maintain that the phenolic acids of the aqueous extract from roots also vary according to the
legume species. There are differences in the allelochemicals phenolic acids extracted from the various
tissues of alfalfa [28]. According to studies in the roots and aerial parts of alfalfa [27], non-detectable
gallic acid, protocatechuic acid, vanilic acid, syrigic acid and sinapic acid can occur. Different parts of the
alfalfa sample lead to different phenolic types and levels. Therefore, identify the types and quantities of
PC in the different types or forms of cultivars and cutting harvest of alfalfa samples is difficult because
they are very diverse and varied in volume.

The flavonoids in AP and APe are presented in Table 2 and Figure 2. Six flavonoids were
identified in APe: catechin, rutin, myricetin, luteolin, quercetin and apigenin, while myricetinin was
abundant in AP. Interestingly, APe showed the highest apigenin content (2278.27+90.20 ng/g), followed
by myricetin (1378.73+86.84 png/g), catechin, quercetin, rutin and luteolin (430.59+6.69, 181.28+10.40,
42.2843.41 and 19.04+0.51 pg/g), respectively. Some parts of apigenin and luteolin structures have been
detected in alfalfa legumes, and glucuronic acid was found for the 1 time in aerial parts of alfalfa on the
experimental farm of the Institute of Soil Science and Plant Cultivation in Pulawy [3]. It is known that
apigenin and luteolin belong to this subclass of flavonoids, also, it restrained some cancer cell lines
growth and is anti-inflammatory with free radical scavenging properties [29]. Flavonoids in the
chromatography are classified as glycosides of apigenin, luteolin, and tricin [3]. Flavonoids are structure-
dependent on physiological activity and they also have pharmacological benefits. Thus, these
characteristics of the phytochemical components of alfalfa offer potential sources for important health-
based food and/or animal feed compounds and can also help our understanding of their nutritional value.

Data on the isoflavones in the aglycone group ( genistein and daidzein) reveal a higher level of
daidzein than genistein both AP and APe. (Table 2 and Figure 3). Isoflavone is classified as a group of
phytoestrogen and has the effect of preventing other estrogen-related conditions caused by aging,
especially among women entering menopause, such as hormone-dependent cancers, cardiovascular
diseases, menopausal symptoms, post-menopausal osteoporosis, and neuro-protective effects [30] .
Phytoestrogen derived from soybean have been widely researched as an alternative natural functional
food supplement to replace estrogen hormones in women entering menopause who are affected when
receiving synthetic estrogen hormones over the long-term. Phytoestrogens are plant substances that have
estrogenic activity. They signify diverse groups of naturally occurring chemicals with similarities to 17-p-
oestradiol (E2) which is the hormone estrogen [31] found in the human body. Many groups of this plant’s
substances can be identified, such as isoflavones, chromenes, coumestans, and lignans. However,
phytoestrogens can be found in types of legumes, cereals, and grasses, all of which are plants used in the
farming of ruminants. Therefore, farmers who manage to feed cows with legumes, soybeans, soy
products, and green beans, etc., should be able to produce high phytoestrogen milk that will have benefits
which include antioxidant effects, prevention of symptoms of premature aging, and reduction of the risks
of NCDs diseases. These conditions include standing issues related to the menopause [32]. Previous
research studies showed that dairy cattle fed with legume silage consisting of white clover (Trifolium
repens L), lucerne (Medicago sativa L.), and red clover (Trifolium pratense L.) detected the concentration
of equol present in milk [33, 34]. Steinshamn et al. [33] stated that daidzein, a derivative of the isoflavone
group metabolized during digestion and absorbent of equol by intestinal bacteria is superior to other
isoflavones, such as the daidzein-based substrate, in its antioxidative activity. According to Sunita and
Pattanayak [30], phytoestrogens are plant-derived hormone-like diphenolic compounds of dietary origin
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which contain small amounts of estrogen. Steinshamn et al. [33] suggested that dairy cattle fed with red
clover-based diets may produce high concentrations of equol due to its health benefits. In this present
study, a higher level of daidzein was found in AP than APe at 130.91 and 55.12 pg/g DW, respectively
(Table 2). Consequently, when supplemented with a high level of daidzein from legumes plant in the
dairy cattle diet, the results suggested a possibly greater increment in the concentration of equol observed
in raw cow’ s milk. Furthermore, the findings of Kwak et al. [34] suggest that higher level of both
phenolic and isoflavone compounds in Chungkukjang (a fermented soybean paste used in Korea) are
positively correlated with higher antioxidant activity.

160 A
O Alfalfa plants O Alfalfa pellets

- |

o |

100 j

80 A

|

|

Isoflavone (ug/g DW)

Genistein Daizein

Figure 3 Isoflavone in AP and APe.

The AA of APe revealed the highest amount of valine, followed by leucine, isoleucine, phenylaline,
tryptophan, threonine, arginine, lysine, histidine, and methionine (Table 3 and Figure 4), respectively.
Normally, protein in a diet provides AA since, after digestion, proteins are converted into AA and
absorbed into the small intestine and the bloodstream for use by the animal body, and some are excreted
by the kidneys in urine to form urea. The AA of AP were highly varied from APe and they were
considerably lower than from APe, which may imply that there exists protein lower than APe. This would
be consistent with the results of the analysis of the nutritional value of protein content in Table 1. The
AA of soybean has a more balanced profile than other types of beans for humans and livestock [11]. Eight
types of AA are considered essential AA (isoleucine, leucine, lysine, methionine, phenylalanine,
threonine, tryptophan, valine) which must be obtained from various diets and supplements due to the
inability of humans and animals to synthesize AA from the beginning (de novo). Histidine is the 9™
essential AA required for children and infants. Arginine is one of the non-essential AA which is called a
conditionally essential AA that can be generated by the body. Peptides and free AA are known to be a
source of antioxidants in addition to phenolic content in traditional Chinese salt-fermented soybean [35].
Peptides that are isolated from essential AA or peptides that have beneficial biological activity are
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alternatives to nutrients for humans as peptides are easier to absorb and less harmful to health than
synthetic drugs or other substances. Natural antioxidants, such as tocopherols, catechin, PC, and peptides,
are safer and less toxic than synthetic antioxidants. However, biologically active peptides consist of 3-20
AA. Many bioactive peptides are used as antioxidants [36], therefore biological activity depends on the
sequence of AA that are the components of the peptide.

25000 - OAlfalfa plants O Alfalfa pellets

TEA = Total essential amino acid

TAA = total amine acid
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Figure 4 Contents of AA (ug/g DW) in AP and APe.

Table 2 and Figure 5 show the antioxidative activities of crude extracts of AP and APe samples
which were studied with the DPPH free radical scavenging activities and FRAP in AP and APe. The
analysis of the antioxidant activities in APe displayed is based on the DHHP radical scavenging assay
which accounts for 1.58 mg Trolox eq./g, which is significantly lower than AP which ranged from 25.71
to 30.86 mg Trolox eq./g. The FRAP assay of the APe extract was 3.25 mgFe? */g, whereas AP was 2.09
mgFe?*/g. Table 3 shows that TFC has significant positive correlation with TPC, DPPH has a positive
significant correlation between TPC, TFC, and FRAP has significant negative correlations with TPC,
TFC, and DPPH. The antioxidation activities of the sample also correspond to the total phenolic
contained in the sample. Our finding suggested that TPC and TFC may be responsible for antioxidant via
DHHP. Some research studies demonstrated that PC in vegetables, fruits, or grains show antioxidant
activity [34]. The relationship of phenolic together with its ability to be an antioxidant can explain the
high amount of TPC which has high antioxidation ability. Furthermore, the antioxidant activity also
totally correlates with both the total phenolic and flavonoid content with the fruit of Thuja orientalis
growing in Egypt showing the higher values [37]. The results show an increase in the free radical
scavenging capacity of the AP or APe extract which can be explained by the presence of higher phenolic
contents. The above findings are consistent with those of other researchers and thus support our data
which found that TPC, PC and antioxidative activities in DPPH free radical scavenging activities and
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FRAP were detected in both AP and APe. However, the significant antioxidant activity of different parts
of the plant was also found [38] in Indian Thuja orientalis.
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Figure 5 TPC, TFC, and antioxidant activity assessed via DHHP radical scavenging assay including
standard (Trolox) and FRAP assay in AP and APe.

Table 3 Correlation coefficient among investigated TPC, TFC, DPPH free radical scavenging activities,
FRAP assay of AP, and APe.

Item TPC TFC DPPH FRAP
TPC 1

TFC 0.99%#** 1

DPPH 0.98%** 0.99%#** 1

FRAP -0.99%** -0.99%** -0.97** 1

DHHP radical scavenging, FRAP = Ferric reducing antioxidant activity, AP = Alfalfa plants, APe = alfalfa pellets, **
Significance at p < 0.01, *** Significance at p < 0.001

Since this research is based on the nutritional values, bioactive compounds, AA, and antioxidant
activities of AP and APe for beneficial uses in ruminant feed, this should be acknowledged as a limitation
in the conclusions and, thus, the results from this study should be interpreted cautiously. The results of the
present studies can be summarized in 3 main points: 1) the nutritional values of proteins components,
which are essential for animal growth, 2) the potential of animal production to focus on the production of
vital substances in meat or milk as a high-value product to promote health (as also an ingredient added to
food for a specific purpose, which may or may not have less nutritional value), 3) the suitability for
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practical use of alfalfa on farms. In practice, a long-term use is the best way to obtain high-quality forage
over the whole season is to harvest the alfalfa at flowering stages, then dehydrate and stabilize it to
preserve its high protein content, vitamins, and overall nutritive value, then APe can be used by Thai
farmers. Due to the difficulties of planting alfalfa and its low yield [2], the price of alfalfa seeds is
relatively high (approximately 155 - 160 USD/kg of alfalfa seed) when purchased commercially. In our
previous study, the alfalfa seeds for this study were planted in the forage plot area on Sa Kaeo soil at
BUU, with yields per kilogram (kg) per ha of AP lower than other varieties of legumes, such as hamata
(approximately 20 - 22 USD/kg of hamata seed) and stylo “Tha pra’ (approximately 6 - 8 USD/kg of stylo
‘Tha pra’ seed) (Data not shown). Therefore, the practical use of AP might be difficult to use as the main
roughage source for Thai farmers to raise ruminant animals compared to the use of APe, which is
convenient for feeding, and it also provides stable nutritional values and can be easily managed. However,
further research on phytochemical compounds utilization in the ruminant fed a diet with AP and/or APe
in Thailand is required to evaluate animal productive performance and enhance the value-added profile in
raw milk or meat with an increase in the level of bioactive compounds which will offer human consumers
greater health benefits.

Conclusions

Both AP and APe have potential as raw materials in ruminant feed since they contain the necessary
nutritional ingredients of protein. The findings obtained from the present study have shown that beneficial
bioactive ingredients can have effects on antioxidants via DPPH, particularly with phytoestrogen contents
(genistein and daidzein) are a rich source of health benefits which was highly found in AP. However, PC,
AA, TEA, TAA in the APe were more abundant than AP.
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