
Gastric Phase

Adjust pH to 2.0
Add pepsin (2.0 mg/mL)

Incubate: 85 RPM, 37°°°°C, 1 h

Small Intestinal Phase

Adjust pH to 6.0
Add bile extract (2.4 mg/mL), pancreatin (0.4 mg/mL), 

and pancreatic lipase (0.2 mg/mL)
Adjust pH to 6.9

Incubate: 85 RPM, 37°°°°C, 2 h

Oral Phase
Chew bread 10 X, collect in beaker

Rinse mouth with saline, expel into beaker
Stir at 22°°°°C, 5 min
Dilute with saline

Homogenize

In Vitro Digestion (6,7)

Reverse-phase HPLC analysis of the aqueous fraction 
of digesta following in vitro digestion with varying bile 
concentration.

Note that the area under the curve for daidzein (gold circle), genistein (red circle), glycitein (teal 
circle) and acetylgenistin (brown circle) in the aqueous fraction increases as the concentration of 
bile extract present during the small intestinal phase of digestion is increased.

Figure 3.
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Isoflavone (IFN) aglycones, but not glucosides, are preferentially transferred across the apical membrane 
of enterocytes despite their relative insolubility in an aqueous milieu.  Here we investigated the impact of 
bile extract (BE) on bioaccessibility of IFN from a soy food.  Soy bread was subjected to simulated oral, 
gastric, and small intestinal digestion.  The aqueous (bioaccessible) fraction was isolated from digesta by 
centrifugation and analyzed by HPLC.
IFN glucosides and aglycones were stable during simulated digestion with recoveries from soy bread 
exceeding 98%.  Partitioning of aglycones, but not glucosides or malonyl glucosides, into the aqueous 
fraction was affected by BE concentration during simulated small intestinal digestion.  Transfer of 
aglycones into the aqueous fraction at standard BE concentration (2.4 mg/mL) was < 65%.  Omission of 
BE resulted in absence of genistein and < 45% of total daidzein, glycitein, and acetylgenistin present in 
the aqueous fraction.  With BE at 4.8 mg/mL, 102, 54, 120, and 79 % of daidzein, genistein, glycitein, 
and acetylgenistin, respectively, partitioned into the aqueous fraction.  Results suggest that 
micellarization is required for optimal IFN aglycone bioaccessibility in the small intestine, and that 
bioavailability of IFN from foods will exceed that of supplements due to enhanced bile secretion in 
response to fat and protein ingestion.

Bioaccessability of isoflavone aglycones from soy food is enhanced by bile salts during in vitro digestion
Kelly R. Walsh†, Yu Chu Zhang‡, Yael Vodovotz‡, Steven J. Schwartz†‡, Mark L. Failla†*
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In general, isoflavonoids from soy bread were 
stable during simulated oral, gastric, and small 
intestinal phases of digestion (figures 1 & 2).

A considerable percentage of isoflavonoid 
aglycones and acetylgenistin in the digesta were 
absent from the aqueous bioaccessible fraction 
(figures 1 & 2).

Micellarization during the small intestinal phase of 
simulated digestion appears to enhance the 
bioaccessibility of isoflavonoid aglycones and 
acetylgenistin (figures 3 & 4).

Partitioning of malonylglycitin and the glucoside 
conjugates of daidzein was independent of the bile 
extract content during the small intestinal phase of 
simulated digestion (figures 3 & 4).

CONCLUSION

Bioavailability of isoflavonoids from foods 
containing fat and protein may exceed that of 
isoflavonoid supplements consumed without food 
due to enhanced bile secretion. 
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HPLC CONDITIONS
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HPLC SYSTEM
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Analysis of Isoflavonoids
in Starting and Digested Soy Bread (8)

Centrifuge
430 x g 
25°°°°C

30 min

Dry aliquot 
(1 mL) 

under N2

Resolubilize 
residue in 

100% 
methanol

Shake
25°°°°C
2 h

Filter (0.2 µµµµm)
and analyze
by HPLC

Sample
+ 

Acetonitrile 
+

HCl

MATERIALS & METHODSMATERIALS & METHODSMATERIALS & METHODS

RESULTSRESULTSRESULTS
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Isolation of AqueousIsolation of Aqueous
Fraction of DigestaFraction of Digesta

HighHigh--speed centrifugationspeed centrifugation
(167,000 x g, 4(167,000 x g, 4°°°°°°°°C, 35 min)C, 35 min)

Aqueous
Fraction

Residual
Lipid Layer

Pellet

in vitro in vitro DigestionDigestion

Bile extract concentrationsBile extract concentrations
0 mg/mL0 mg/mL
1.2 mg/mL1.2 mg/mL
2.4 mg/mL (standard)2.4 mg/mL (standard)
4.8 mg/mL4.8 mg/mL

Filter (0.2 Filter (0.2 µµµµµµµµm) m) 
and analyze and analyze 

aqueous fraction aqueous fraction 
by HPLCby HPLC

SUMMARYSUMMARYSUMMARY

Data are mean percentages ±  % SEM.  Means within a group that do not share a common letter 
above bars differ significantly (P < 0.01) from one another as determined by one-way analysis of 
variance (ANOVA) followed by Bonferroni post-hoc comparison of statistical significance. 

Bile enhances partitioning of daidzein, glycitein, 
acetylgenistin, and genistein into the aqueous 
(bioaccessible) fraction of the digesta.  Partitioning 
of conjugates of daidzein and glycitein were not 
affected by the concentration of bile extract during 
simulated small intestinal digestion.
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Figure 4.

0 mg/mL (N = 5)

1.2 mg/mL (N = 5)
2.4 mg/mL (N = 13)
4.8 mg/mL (N = 9)

Bile Extract

* Significantly different (P < 0.01) from the starting soy bread meal. Data are means ± SE.  

Figure 2. Isoflavonoids are stable during simulated oral, 
gastric, and small intestinal digestion.  
The amount of daidzein, genistein, and acetylgenistin 
in the aqueous (bioaccessible) fraction of digesta was 
significantly (P < 0.01) less than that in the digesta.
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Acetyldaidzin

Daidzein

Malonyldaidzin

Genistin

Genistein

Acetylgenistin

Malonylgenistin

Daidzin

Malonylglycitin

Acetylglycitin

Glycitin

Glycitein

Daidzein Family Genistein Family Glycitein Family

Table 1. Chemical Speciation of Isoflavonoids
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Health PromotingHealth Promoting
Benefits of Benefits of 

Soy Isoflavones Soy Isoflavones (1(1--4)4)

Cardiovascular Health

Enhanced Cognition

Skeletal Integrity

Chemoprevention

Peak Identification
(1) daidzin
(2) genistin
(3) malonyldaidzin
(4) malonylglycitin
(5) acetyldaidzin
(6) malonylgenistin
(7) daidzein
(8) glycitein
(9) acetylgenistin
(10) genistein

Soy bread

No bile

1.2 mg/mL bile

2.4 mg/mL bile

4.8 mg/ml bile

1 2

3

4 5
987

6

10

*Digesta: Soy bread sample that was subjected to simulated oral, gastric, and 
small intestinal digestion.

Figure 1. Reverse-phase HPLC analysis of isoflavonoids in 
starting and digested soy bread. 

Peak Identification
(1) daidzin
(2) genistin
(3) malonyldaidzin
(4) malonylglycitin
(5) acetyldaidzin
(6) malonylgenistin
(7) daidzein
(8) glycitein
(9) acetylgenistin
(10) genistein
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