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Abstract: To determine the total isoflavones (ISF) , most analytical methods have focused on the
three aglycone ISFs and three basic glucoside ISFs due to the unavailability of reference standards for
malonyl- and acetyl- glucosides, and resulted in bias. Hence, an ultra performance liquid chroma-
tography UPLC) method was developed that allows the quantitation of all 12 ISFs using only 3 isofla-
vone standards. All glucoside ISFs, including daidzin, malonyl and acetyl daidzin, glycitin, malo-
nyl and acetyl glycitin, genistin, malonyl and acetyl genistin, were converted into only 3 aglycone
ISFs via alkaline methanol extraction and enzymatic hydrolysis. The malonyl glucosides and acetyl
glucosides in sample were firstly hydrolyzed to their corresponding glucoside forms in alkaline metha-
nol, the produced glucosides were further hydrolyzed by a B-glucosidase from almonds, and the sug-
ar moieties from glucoside were removed. The released and original existed aglycone units were con-
centrated by polyamide through a dispersive solid-phase extraction, and determined by UPLC. All 3
aglycone ISFs(daidzein, glycitein and genistein) were separated in a reversed-phase C,, column(2. 1
mm i. d. X350 mm, 1.8 wm). The mobile phase, mixed acetonitrile and phosphoric acid aqueous so-
lution was employed to enable a 3 min of isocratic elution. All linearity correlation coefficients (7*)
were higher than 0. 999, and the recoveries were between 94. 3% and 102% with relative standard de-

viations (RSD, n=6) less than 5. 0%, that demonstrated precise and accurate results in the determi-
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nation of total ISFs. To determine the total ISFs by simply summing the concentrations of the aglycon
ISF will mitigate the pressure from interference, deviation and cost on test. In addition, based on the
mechanisms of absorption and metabolism, using aglycone (free) forms to quantitate total ISFs is ex-
pected to present actual bioactivity of the phytoestrogens, this will avoid overestimate isoflavone lev-
els or intake by simply adding of free and glucoside forms of isoflavone concentrations.

Key words: isoflavone; polyamide (PA) ; dispersive solid-phase extraction (d-SPE) ; B-glucosi-
dase; ultra performance liquid chromatography (UPLC)
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Fig. 1 Structures of isoflavones and glucosides
A: daidzein(KREH78), Al: daidzin( KEF), A2: acetyl daidzin(ZBERZ1), A3: malonyl daidzin (N Bt K S1F); B: genistein
(YekplAZ), Bl: gcnistin(?&*il*ﬁ:) , B2: acetyl genistin( Z YR AT, B3: malonyl gcnistin(ﬁ\iil’:‘i}ﬁ%ﬂﬂ?ﬁﬁ) ; G gly(tit(:in(ﬁﬂfﬁ
W), Cl: gly(ﬁilin(ﬁfgﬁfﬁ:) , C2: acetyl g]ycilin(émﬁﬁgﬁfﬁ:), C3: malonyl g]ycilin(m:mﬁﬁfgﬁﬁ:)
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Fig. 2 Schematic flow diagram of sample extraction and isoflavones determination
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Fig. 3 Total ion chromatogram of glucoside and aglycone ISF under MRM mode
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Table 1 ~ lon parameters and retention times of malonyl and acetyl glucoside ISFs from mass spectra MRM mode
No. Isoflavones Precursor ion(m/z) Product ion(m/z) Retention time/min
1 Malonyl daidzin 503 255 6.63
2 Malonyl glycitin 533 285 7.00
3 Acetyl daidzin 459 255 7.97
4 Acetyl glycitin 489 285 8.47
5 Malonyl genistin 519 271 8.50
6 Acetyl genistin 475 271 10. 35
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Fig. 4  Hydrolysis rate of glucoside ISFs after 2 h incubation with different concentrations of B-glucosidase
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Table 2 Linearity and LOQ of aglycone isoflavone standards

Isoflavone Linear range/(ug mL™") r LOQ/(pg-g")
Daidzein 0. 15~1.5 0.9999 3.71
Glycitein 0. 030~0. 30 0.999 9 4.36
Genistein 0.25~2.5 0.999 9 4.22

*limit of quantitation, based on 1 g of sample

A3 AN[I R e A SR R 2R

Table 3 Recovery test results for the total isoflavones in different products

Sample Daidzein Glycitein Genistein Total isoflavones _
Recovery/% RSD/% Recovery/% RSD/% Recovery/% RSD/% Average recovery/%
Soy protein—based infant formula 98.9 1.9 94.5 1.8 97.2 2.4 96.9
Soy milk powder 97.8 1.5 95.5 2.2 95.9 1.7 96. 4
Protein powder 94.6 3.9 95.0 3.4 93.4 3.4 94.3
Meal replacement powder 100 3.0 95.9 2.9 98.3 1.6 98. 1
Soy protein isolate 96. 8 1.5 93.9 1.8 95.9 1.7 95.5
Dried soybean 102 1.4 101 1.8 100 1.2 101
Isoflavones supplement 97 2.5 97.7 2.5 91.8 1.6 95.5

*the average recovery of total isoflavones was calculated based on the recoveries of daidzein, glycitein and genistein
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Table 4  Comparison for the level of total isoflavones with different methods

Total isoflavones/(pwg-g™)*

Sample e v QB/T 5397-2019 Comatonly
Soy protein—based infant formula 347. 1 250.9 72.3
Soy milk powder 622.0 368. 4 59.2
Protein powder 630.3 371. 1 58.9
Meal replacement powder 1572.4 759. 1 48.3
Soy protein isolate 1578.5 1085.4 68. 8
Dried soybean 1407.7 603. 1 42.8
Isoflavones supplement 15427.7 11182.0 72.5

a: total ISFs=sum of concentration of aglycones and aglycone equivalent concentration of glucosides, aglycone equivalent(based on the ratio of

molecular weight) : daidzinx0. 611, glycitinx0. 637, genistinX0. 625; b: the percentage was calculated by dividing the results of two methods
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