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Abstract

Changes in contents of free sugars, amino acids, and fatty acids of legumes were analyzed for each phase of in vitro digestion.
In addition, contents of resistant starch in raw and digested pulses were compared. Soybeans, kidney beans, cowpeas, and chickpeas
were analyzed. An in vitro digestion model was used to analyze contents of nutrients using LC-MS and GC-MS. Stachyose in
kidneybean, cowpea, and chickpea increased as the digestion phase progressed. In four types of legumes, raffinose slightly decreased
or showed no significant difference between the Oral phase and the BBMV phase. Content of glucose, a monosaccharide, increased
during the BBMV phase. During the digestion phase, levels of free amino acids and free fatty acids also increased. Content of resistant
starch was reduced compared to that in the raw material. It was 0.01g/100 g food in soybean, 1.06 g/100 g food in red kidney
bean, 0.77g/ 100g food in cowpea, and 0.76 g/100 g food in chickpea. It was confirmed that nutrients in the in vitro digestion
model were liberated at each digestion phase with changes in the content of resistant starch. These results are expected to be used
as fundamental data for obtaining bioavailability of nutrients.
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Holo] Ao Qlo] F8 AF AYC R olgHE= T 1L EF 141 T 1‘%} = lé HE % AT e g4
< B3k, T, Aol Rt SRS AFoE HF Al /\15’4 3 FEE JAATHChoi 5 2014; Kim 5 2023).
B A7 oldol Ae Aow FHA QAtHCha 5 2023). ERE Fole 1T ol i nAE] Holz &85
Foll T2 &3] UF< stachyose®} raffinose’= sucrose = A]o]4dFet A Ro] T -F-E O] Urh(Lee 5 2022).
o galactose7} a-1,6 2O 717 T E= T 7[9] ZAjto] J—SALHX] o= B3ES Aol Reta shy 84 4o
=o|Qs SRS 7HA AL Qlof QA mae] o Eei7t ARt 84 AoldfE EREth B84 AREe did
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f golat segoo] o) MelHoR wazol of
Jet A AHSCFA)S] /S S7HA171= ZEjHio]
2851t (Julio-Gonzalez S 2021). AFFARL Zf
Solat 0= sol7} Hlo] AT EA bifidobacteriad} 2
B Fodde S7HI71e AEE 237t tkOku &
Nakamura 2002; Chang MJ 2004).

W B B o] FRACRE olgu, 4
lysine 5-2] "<4=o}u] = Ak} linoleic acid, linolenic acid 5 &=
E3 AL o Fheeka ool AaeA Weke ol
¥ £y g 241 GUE /e 4 Urkie S 2013)
P Bl AFT AFE A2 A oA 4O amylase,
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dlgestlon model-Z &85t
53] W, 4, 2, w5 AR AE B A7) 45%S A
A S1g 45 1% ool S48 AL 2
oL Bolol| Al in vitro digestion modelo] o] &-H = AL 4
vRi o] ARHE FRol 48T ATE Hd v g
38 Aot AL, 47, A4 5 Aoliig chkg Al
25 &8 AFe L7 AFolA HiE A (Lee 5 2019;
Bae 5 2021; Kim 5 2021). In vitro digestion model> A3 9]
F20] w2t AREShe a4, AlmO| AE, A& AlolZ, 4
3t 2%, pH 59 o] g ofof girt. Alm 9] A
et geskE AlRe , A Almo]
= pancreatin @ bile salts, T2 A|Zof= pepsinS A7}
e FFe 3771 59 280] a5t AR YAt
7 AAY Am9 Fo] BEE ATAFE FTHAA in
vitro digestiono] H&5| o] Fo|X & A Sto{oF SFTH(Hur
= 2012).
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READ, HolIFE@RAD 358 B4 AR Adsiant
HEA, JYIA 5 Aol 2ol 8 L34 A

AAsE 7H ;lt,‘_;ﬁ, ojxl jﬂ-_—.—g}ﬂ in vitro digestion model-&
Fasto] 4, 9], Aol M9 2342 A WSHTHMinekus S
2014, 2712 % 23TAS FEslo] BRI} i 4
32 4=35H7] Y3H brush border membrane vesicles(BBMV)
F4AE 715l O W (Ferreira-Lazarte 5 2019), 428H=2] tf
A ol A whA Bl Fodialysie) TR LAHst
71 ALHE RS EHoF F=F  digestion
of H8alol S5 PR T WS

model2 55 A&
A, 9, 2%, 5 AtHAEE gl

1

EJETTT

1. A2 ME & MAE
£ AFoIM ANERE Al 5 HlF(Glycinemax), F2 7335
(Phaseolus vulgrais var. humilis Alef), 5-5-(Vigna unguiculatay=
77y AARE A, BdEE AR, debdE 7 sl
A A st al, ByotElF(Cicer ar’ietinum)—g o] =£ALo 2
2e1el HEAZ B9 TSt £5 452 FAREAE
5 3 (National Institute of Agncultural Sc1ences 2021)°]] AJA]
9 5z x40 Bt xslo] Ago] A8t 7t 5

=
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2. In vitro digestive model

23t gAY JgAa IF WSE 2] 98] Minekus 5
(2014)9] wIHHof| whe} oral phase(Q]), gastric phase(), intestinal
phase(4>7%}), BBMV phase(§-%) 49} #H& XI5k th(Fig.
1, Table 1). Oral phase= A| 22} Y A3}H(SSF, pH 7.0), &4
(75 U/mL salivary a-amylase solution(Sigma-Aldrich, St. Louis,
MO, USA), 0.3 M CaCly(Sigma-Aldrich, St. Louis, MO, USA),
water)& L:1(wv)ZE g0l 37C T2 F&7](200 rpm)o| 4] 2&
7t ¥1-8-5199t}. Gastric phase= A= ¥ ASHH(SGF,
pH 3.0), 24:[2000 U/mL porcine pepsin stock solution(Sigma-
Aldrich, St. Louis, MO, USA), 0.3M CaCl,, 1M HCl(Daejung,
Seoul, Korea), water]2 1:1(viv)& &1L 37C T2 H=7](200
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Oral phase
: 1
SSF
a-amylase
CaClz, DW

sample

2 min, pH 7

Gastric phase

1
Oral bolus

1
SGF
Pepsin
CaCl,, DW, HCI

120 min, pH 3

Intestinal phase

1 : 1
Gastric bolus SIF

Pancreatin
Bile salts
CaCl,, DW
120 min, pH 7

BBMV phase

Intestinal bolus + BBMV enzyme

180 min, pH 7

In vitro digestion sample

Fig. 1. Overall process of each phase in in vitro digestion
system.

Table 1. Composition of simulated fluid (mmol/L)

Composition SSF SGF SIF
Kc1? 15.1 6.9 6.8
KH,PO,” 3.7 0.9 0.8
NaHCO;” 6.8 12.5 4.5
NaCl* - 11.8 9.6
MgCl, - (H0)s” 0.5 0.4 1.1
(NH,),CO;® 0.06 0.5 -

D Potassium chloride P9333, Sigma aldrich Co, Seoul, Korea.
2 Potassium phosphate monobasic P0662, Sigma aldrich Co.

3 Sodium bicarbonate S5761, Sigma aldrich Co.

9 Sodium chloride S9888, Sigma aldrich Co.

% Magnesium chloride hexahydrate 63068, Sigma aldrich Co.
5 Ammonium carbonate 207861, Sigma aldrich Co.

pm)Of| A 12087t ¥1-3-5} t}. Intestinal phase= ¢ ASH=1}
A ASIN(SIF, pH 7.0), EA[200 UmL pancreatin from
porcine pancreas(Sigma-Aldrich, St. Louis, MO, USA)], 160
mM bile salts(Sigma-Aldrich, St. Louis, MO, USA), 0.3 M
CaCl, waterZ 1:1(v/v)Z &1L 37C &2 Z&7](200 rpm)o]|
A 12087 913519t} o]%F intestinal phaseE A% A|&E9]
773 UmL BBMV 84E H7}sta 37C &2 Z87](200
rpm)°f| A 18027t 1:1(v/v) BHS-3FATHOKu 5 2011). Th
phaseZ Z18Y5}7] o] phaseE 2 A& HHE} A3 100C
oA 10 5 54 ¥ '6‘111‘]51'_ FH
AES AAEE 4,000 rpm, 108) & A5
TR o3t v JEEA ] o] &3t

3. Dialysis &

In vitro digestion® AZ MEZL 3]45}0] Spectra/Por® 6
Standard RC Pre-wetted Dialysis Tubing(SPL Life Sciences,
Pocheon, Gyeonggi, Korea)ol] 211 10 mM NaCl(Sigma-Aldrich,
St. Louis, MO, USA)O]| &7} AEA} 43122 A A31c} 37C
of| A 24A17t B9t #1951 th(Shiowatana 5 2006; Bouayed
S 2011; Hettiarachchi 5 2021).

4. welgd 24

Phase'd 323 (65) T2 Dionex ultimate 3000(Thermo
Fisher, Waltham, MA, USA)E o] &3] BEA35}3tt AHLS
Sugar-pak(WATO085188, 300 mmx6.5 mm, Waters, Milford, MA,
USAYE AL8SIo0, 4318 ARE UFFe] 2Rl 7
A3t & 0.45 pm FH o] of7}sto] HPLC E4]0f AHE-S5H3L
of. EEEL glucose(98%), lactose monohydrate(99%) 252
Junsei chemO]|A] )5} A1&-519 1 raffinose(99%), stachyose
(99%), sucrose(99.5%)2 Sigma-Aldrich(St. Louis, MO, USA) A|
F= AREsto] fET S A4S

5. OfO|' =t 24

otu] i AH18%)2 Dionex Ultimate 3000(Thermo Fisher,
Waltham, MA, USA)S ARE-3] £41519 0™ AHL Inno C18
column(4.6 mmx150 mm, 5 pm, USP L1, YounJin Biochrom,
RGBT} 251 A
Z Buffer(0.1 M perchloric acid, 0.1% meth-phosphoric acid)©]|
Yol 17t 28 %2 T Lol 147 EF H 02
um BE] F BAo] A8t} EE
acid,

Seongnam, Gyeonggi, KoreayS =5

(aspartic acid, glutamic
serine, histidine, glycine, threonine, alanine, arginine,
taurine, tyrosine, valine, methionine, phenylalanine, isoleucine,
leucine, lysine, proline, tryptophan)<- Agilent(Santa Clara, CA,
USA)?} Sigma-Aldrich(St. Louis, MO, USA)o| 4] +Q]5}o] &
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Hehlet.

6. X|Lat BN

A WA palmitic acid, stearic acid, arachidic acid, oleic
acid, linoleic acid, a-linolenic acid®] &H=F WIS GC-MS
(7890A, Agilent, Santa Clara, CA, USA)E o]|-&35}o] 243519
o}t Al2E 52 AX5}] methylation mixture (MeOH:Benzen:
DMP:H,SO;, = 39:20:5:2) 340 L, heptane 200 nLE ¥ &&=
T S0COIA 2417 22T 2 7 4L Wztslol 84
U F 3 3 439 UUT 22 T GO BAST 2
L2 DB-23(60 mmx0.25 mmx0.25 pm, 122-2362-INT, Agilent,
Santa Clara, CA, USA)S AME-5}3 1l AZE7]+= FIDRS0TC, Hy
35, Air 350, He 35 mL/min}& AFg-5}o] BA519ct

7. HEEE BE 2
Alge 52A% 9 EH5lo] Resistant starch assay kit(K-
RAPRS, Megazyme International Ireland Ltd., Ireland)S AF8-5]
o] AOAC o5 =435} thHoehnel 5 2020; McCleary
% 2020). Pancreatin a-amylase/amyloglucosidase= 37 COJ|A4] 4
AlZE BRI, 95% oEHE 8N 4 mLE do] &4 ¥hS
= SAAIFT 4,000 rpmof| A 1027 Aokl A5
2 BT T AEAS A3PPsT 1 240 A8IIAT
AL AR BAo| A 8ol AFHE B
43i7] Sfa) ARE] 50% oS Bl Yol PaRelel
AlFstar, JHEo] 1.7 M NaOH &N 7}sto] E4at 2 -8
3fIA}. 1 M sodium acetate buffer(pH 3.8)2} amyloglucosidase
(AMG)E #7Fsto] 50Co| A 30 BHEAIX] & 7h=HEss
glucose Fol| weh AFAE FgZ A4lstdtt. 257153

ofr mlO
o 2 Mr

=

AR AL F5ho] dilute AMGE Z713k0] S0CAIA 308
B9t B-8-A1Z1 & glucose oxidase plus peroxidaseZ D-glucose
YYOR 2oGoM, FEFFEL WAL 4F 100 ¢ F
AE FFo AASH T

8. SHEH

= AL 33] o} ¥t SA45to] Wiy EEHAE
AFESFA T, A& 7H9] A}o]& Statistical Package for Social
Sciences(SPSS)(26.0, IBM, Chicago, IL, USA) AZEJoj&
AR5} ttest 2 EARHEA] (one-way ANOVA, Duncan Th5H
AR AFEALE 95% FolEollA AAskiT
A EEAH(PCA, principle component analysis)< ©]-&3F T}
X2 GraphPad Prism(9.5.1, Dotmatics, Boston, MA, USA)
< A& ZF AR 9] phase'd JF/dw T TlolEHE
REEIHBAZ 0, EZHAE 12 £4)50] ARESIRoH,
=
=

g2 eigenvalueZt 15 233 7 719 22 AG5HA
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tt. glolg 4¥ 9 7]&EA= Microsoft Excel 2016(Microsoft
Corporation, Redmond, Washington, USA)S A5} th.

Z 1} TnE

2]

0

1. In vitro digestive model2 HE8t FFQ| CHH
e e 2y

T 4350 SRE 7T & HSEE phased = gQl5)
Fth(Table 2). tHF9] stachyose(AFdF)2} raffinose(3 5 )=
oral phase 2t} 43} tl2|9}k A Ql BBMV phasel| 4] 214
o7 FASIAH Stachyoseo] TS HW FH2AFTS
30,839.88 mg/Lol| 4] 58,389.65 mg/LZ, ‘FH+ 41,360.63 mg/L
oA 73,802.63 mg/LZE, HolZFL 19,618.06 mgLof|A]
45,862.19 mg/LE oral phase 2Tt BBMV phaseo]| A 5713}
o} tiF9] stachyose -2 4217} XY of whet F4askel
o, 1 9 FAEES & L5 FTI6H ol &9
F, AFAE, AoldR7 B2 FRE ¢Ed F244T,
S5, Bot T HEae tiFHET gheskE ol ot
(Im 5 2016; National Institute of Agricultural Sciences 2021;
Zuo 5 2022) tFE2l EE421=0] BBMV phaseo] 4] &
SHEHA] stachyose®] RHgo] F7F6tGl7] Wiz o &2 Heltt
S, 59 raffinose $H5F2 oral phase 2TF BBMV phase©]|
A FASHALL, FH2A3EFS S0 55, ot g9
raffinose eF- 4%t A - T {2042 Zpolg HolA] ¢F
Pld

5ol ol 3-8 T 13F2 stachyose@} raffinoser= 4
3t mao] ofsf & Eol=A] §Far At Gofl ZFsto] HiE i
A =Esh= E4Jo] Qlth(Hodoniczky 5 2012; Julio-Gonzalez
5 2021). Table 20]|4] A3} $O]| I stachyose?} raffinose”} Af
T AESTE AME ERIstg o, o] EE2 tiRolA
U wBEe] HolQl meEjuto|egA® B8EH 7540l
U= AlARRETH

2 AFoA = AEZ SE3] 28F5H7] §1si BBMV a4
£ A7I5te] SEASNAAE F715H3Ih BBMV Bae ZH
7 &% A AZA|A BHEHe B ELERARE sucrase-
isomaltase, lactase-phlorizin hydrolase, maltase-glucoamylase 5-2]
EA-& 7HAtH(Ferreira-Lazarte -5 2019). Zhang 5-(2023)°] ot
21 stachyoser= A3}E A Y= Bp3lE0] X9 BBMV &
Ao o5 BEAo R AstEcty B u5tch 94 HpE
) 59] stachyose HF- oral, gastric, intestinal phase”7 A= &
7¥sttE7F BBMV phaseof| 4] $go] Zashs A3Fs Eoith
ol g1 TA oA BBMVAAO] 9J3f stachyose”} H-&
Ao g A3lEo] et d4o = HQlth

= AZoA ©dF9l glucose= oral, gastric, intestinal
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Table 2. Changes in free sugar contents at each phase of digestion (mg/L)
Sample" Glucose Lactose Sucrose Stachyose Raffinose

SO N/A? N/A 42,979.074312.77* 28,944.09+166.69" 7,801.8487.45%
SG N/A 7,771.97+394.76 38,410.46£1,308.7°  30,101.61£913.85° 8,911.33+291.84°
SI N/A 13,582.57+717.28 37,411.08+970.59° 31,243.91+1,641.37° 7,149.54+1,222.17°
SB 19,952.33+638.23 N/A 29,009.74+1,792.1°  23,815.13+1,472.22° 4,501.78+286.12°
KO N/A N/A 56,092.97+254.32° 30,839.88+250.24° 23,673.82+125.12¢
KG N/A 5,785.174326.72° 30,135.64+421.18¢ 42,886.89+322.13° 20,171.154253.81°
KI N/A 16,487.98+913.73° 102,758.79+2,9290.43*  28,351.11+380.64 64,373.59+£968.96°
KB 176,968.38+2,010.68 16,640.7+216.71° 68,200.93+498.84 58,389.65+456.93° 27,928.03+720.21°
CO N/A N/A 71,733.82+1,738.34°  41,360.63+1,523.81° 36,657.4+1,346.15°
CG 10,927.63+189.93° 3,266.05+513.59° 16,190.62+598.14¢ 25,005.9+274° 36,726.67+359.56°
CI 8,038.83+162.93" 16,920+245.52° 135,785.51+807.87° 32,989.15+409.27° 91,807.13+487.16°
CB 236,139.749,280.11*  13,168.17+621.9° 97,430.45+4,680.02°  73,802.63+3,840.77°  39,762.34+2,082.07°
CHO N/A N/A 52,700.25+916.73° 19,618.06+372.01° 38,509.73+607.2°
CHG N/A 8,134.324215.34° 41,741.27+499.44 22,550.63+305.83 36,685.49+271.15°
CHI 5,594.36+213.29 21,213.51£952.87° 84,953.01+754.19° 19,424.93+31.37° 64,711.914257.23°
CHB 160,828.94+2,070.2"  15,019.13+664.79° 54,877.3+468.47° 45,862.19+1,064.9° 38,348.29+767.34°

*Djfferent letters within the same column indicate significant differences (p<0.05) in contents compared by digestion phase (after).

“Significant differences (p<0.05) in contents before and after the same digestion phase.

Y'S: soybean, K: kidneybean, C: cowpea, CH: chickpea, O: oral phase, G: gastric phase, I: intestinal phase, B: BBMV phase.
? N/A: not available.

phascol A= AEH 2] 4L BBMV phascol A go] 57}
sh9ich. BBMVEAo] oJ] 8231, o[ F 5o 74k

= o] glucose”7} AAAHE AO = Kt}

2. In vitro digestive model

assta] e AR AP

N2 A .
1o -
e HYAT Hlo]

£ Q1830 AAJ5ITHTable 3). Lee 5(2022)014 ti+F,

SA% o
ISR SAFOREL:

@} in vitro digestive
3} AsRsat AR

Aol FoEA g1
og 2% fgold FEE FFLES

SAE A5k

B3 237153 AR

Table 3. Resistant and digestible starch contents in legumes before and after in vitro digestion (mean+S.D.)
Starch RSV (g/ food 100 g)” DS? (g/food 100 g)
In vitro digestion” Before After Before After
Soybean 0.01+0.01” 0.01+0.01° 0.27+0.047 0.01+0.01¢
Kidneybean 2.24+0.06” 1.06£0.06° 18.6120.51 2.26+0.02°
Cowpea 1.70+0.10 0.77+0.02° 15.15+0.78” 1.66+0.07°
Chickpea 1.3120.04° 0.760.05° 17.32+0.74% 4.48+0.09°

*dDifferent letters within the same column indicate significant differences (p<0.05) in contents compared by digestion phase (after).
D RS: resistant starch.
2 DS: digestible starch.
) g/food 100 g: Starch content considering moisture content of boiled legumes; dry weight basisx{(100 - Moisture content)/100}.
Y Samples were treated from oral to dialysis phase.
% Data from the previous study (Lee et al. 2022).
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sleFo] z+z}h 0.01+0.01 g/food 100 g, 0.27+0.04 g/food 100 g©
2 i AR F 7H B2 $F0l 43 & ARAE
A& obgol B Aol Blsf ui% @okth. H27d3H 5
2, golej gL APALo] £ TR LA YUk B
3339 AFAEL 2.2440.06 g/food 100 go|J 1L A4S &
o= 1.06+0.06 g/food 100 gO. 2 7rAsIYch S+ o] A
H2 1.70+0.10 g/food 100 gO & VERFT 43} Tof= 0.77+
0.02 g/food 100 gO 2 FrAsITt Holzlg-2 AshHo
1.31% 0.04 g/food 100 g, A3} Fof 0.76+0.05 g/food 100 gC. 2
FASHA AR OR TR APAE £318L B 7
dE 47%, B 45%, HotE S s8% LERTh AR
OF 30~70%%to] ASFEITT B 1% B} 9lo](Chang MJ 2004),
HYATY fAT AE HASS L 5 ok

A FHEL] FFol= RS-1, RS2, RS-3, RS-47} 9tk RS-1
L =Ao|y AZof 93 Bafjxl= MBI, in vitro digestion
T8 A Yo A 482 wAal] 99 de FRE 2
3k wpgolA] Rs-1 Fehe] AGARo] FAPS AT o
itk RS-3% ol ofs) Satsln] 1% ) 4t Hho] o
) A O}E]-(Nugent AP 2005). A& A5 APEHA z]—.Q.o].__
o2 &3} a4 o5 dF EfEAS Aot vt
a4o] o3t HE Eoi&S T BEY 75, Ea, iﬂ HJ‘%E
off w2t GEFA] =t (Jeong 5 2019), & AT A ARETE Al
g UE J7HE glol =0 &9 ¥ A4 AR B9t 4
Ao w AA Yo weh AFART 237 AR

T
dF2 g 4 Qlnh

il

3ol

j&

[©)
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3. In vitro digestive model2 &8t FF2| CHAH o}0|
T4 EEF B4
A3} GAYE olu| At $HeF WIS K QJTH(Table 4, Table

5). BE SR 2807H AWPo] wet opulieire] Fegol
fo4o8 ke AL BT 4 Uitk B3] BBMV
phasco  Bobulizite] Fapo] RoHoT A RS

Sl DAL 919 pepsinet of e} A FE G|
ofgt £31% JHsslths LS & % Sk
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Table 4. Changes in essential amino acid content at each phase of digestion (mg/L)
Sample” Isoleucine Leucine Lysine Methionine Phenylalanine Threonine Tryptophan Valine Histidine Arginine
SO 29.42+1.92¢ 23.02+0.55 48.06+5.22° 11.58+0.39 30.4+2.58° 26.98:0.78'  230.59+6.39" 29.96+0.3 101.14+4.88°  2,164.67+62.71°
SG 949+1.16°  207.09+4.34° 115.54+9.76° 66.20+1.98° 153.0242.41° 102.07+2.46° 337.56+4.16° 135.7:64.24° 128.66+3.53°  2,480.85+51.25°
SI 1067.19422.66°  3257.8481.33° 1,957.34£109.28°  357.76+15.94° 3,870.98496.17°  453.118.54°  1,001.25423.61°  734.35422.02°  486.05+32.79" 5,952.66+130.72°
SB  4,588.88+42.58" 10,691.88+105.57" 9,015.81483.36" 1,727.23429.26" 9,462.78+94.73" 2,280.16:2847" 2229.86+22.36" 3,849.95+33.28" 1,651.21£61.37" 15,365.88+165.51"
KO 30.88+0.45° 36.59+0.37° 65.37+2.16° 740.86" 70.99+1.72° 65.13£0.62° 89.12+0.38° 66.3242.55° 160.46+1.52°  1,521.26+10.13°
KG 77.224+0.89° 172.98+3.57° 98.87+6.89° 48.84+2.03° 161.18+2.96° 105.1242.4° 136.66+2.94° 148.545.14° 164.53£5.62°  1,495.03+36.09°
KI 424.61459°  1,636.00423.5°  1,678.81+58.61°  157.79+3.24°  1,96291423.73"  330.23+10.64°  397.454+5.63" 416.22+1.78° 413.46£10.76"  3,815.37+72.61°
KB 3300.93+112.87" 7,763.77+221.83" 7,358.6+319" 707.25£22.75°  6,647.25:213.7°  2,120.82+63.74° 1,187.56+70.26" 3,605.2398.8"  1,929.77+205.56" 8,893.86+304.3°
Co 16.65+0.72* 24.65+0.3 4494+ 44° 9.69+0.39 42.43+0.86° 33.98+1.13¢ 99.98+2.74° 43.4+0.94° 106.7942.05°  1,272.58+26.72
CG 73.1842.13° 174.7343.05 96.24+8.01° 54.57+1.06° 153.1243.84° 92.554+3.69° 132.13£0.95° 142.29+1.76° 152.98+3.25°  1,706.38+31.96°
CI 474517457 1,931.34+69.19°  2,023.27+90.79"  208.83+8.54°  2,287.34+91.97°  345.73+30.99°  519.61+13.8" 4451241681 434.99421.43"  4,406.49+200.06°
CB  4,031.29+49.42" 9,356.31£119.54" 9,179.25+59.28" 825.1£17.51°  7,805.94+77.9"  3,047.97+50.56" 1,501.53+19.11° 4,366.42+47.48" 2,244.01+63.91" 10,376.73160.56"
CHO 7.13£0.73¢ 5.24+0.514 203.21£10.67° 453036 21.5443.25° 44.5320.63" 278.86+8.21¢ 15.68+0.64 73284211 5,897.06+145.81°
CHG 74.98+1.4° 186.9842.59° 270.14+2.62° 50.58+1.8° 136.57+1.87° 117.54+1.54° 381.94+3.61° 114.18+0.62° 101.96£1.51°  6,542.32+90.08°
CHI 533.07+4.8  1,74131£1842° 1349.64£1937°  184.7743.56°  2,106.77422.76"  366.82+7.24° 607.7349.1° 506.29+8.01° 482.58+7.00°  8,324.94+108.42°
CHB  2,698.98+89.84"  5646.8+173.16° 5459.154248.18"  641.13421.26" 5219.33£176.75  2,066+65.78"  941.32425.87" 2,599.46+89.53" 1,248.48+81.53" 14,596.08+486.92"

*IDifferent letters within the same column indicate significant differences (p<0.05) in contents compared by digestion phase (after).
D S: soybean, K: kidneybean, C: cowpea, CH: chickpea, O: oral phase, G: gastric phase, I: intestinal phase, B: BBMV phase.
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Table 5. Changes in nonessential amino acid content at each phase of digestion (mg/L)

Sample” Tyrosine Alanine Aspartic acid ~ Glutaminc acid Glycine Proline Serine Taurine
SO 16.67+0.46° 170.06+4.25°  306.93+1438°  370.83+13.12°  12.34+0.47 30.47+1.08° 43.65+2.04° N/A?
SG 79.6242.69° 301.67+4.49°  468.02£1031°  616.97+£11.52°  96.42+4.73° 71.5520.46" 133.08+6.52°  17.120.9°
SI 3764+117.85°  565.37+14.46°  446.38+12.25°  666.67+18.67°  145.84+9.01° 74.28+2.06° 294.89+7.98°  27.43+0.8"
SB  8,161.39+120.28* 4,871.68+39.07°  1,265+2045" 2,830.51+75.75"  962.08+15.44*  675.11£74.22° 3,528.03£47.05° 76.32+8.47
KO 43.01+0.43° 181.07+0.44°  393.49+2.98°  1,079.53+10.2° 51.760.38° 56.94+1.63° 50.51+0.74° N/A
KG 86.28+2.24° 256.14£535°  460.47£13.51° 1,104.69+28.89°  92.56+7.91™  106.25+8.26" 106.94+5.56°  13.61+1.05
KI  1,677.58+22.43" 4394+581°  493.51+7.82°  1251.32+1526°  142445.44°  130.72+2.66° 24336+7.01°  32.3+0.82°
KB 4,565.66+165.33" 3,911.66:99.92" 1,467.68£54.65" 4,094.07+142.02° 1,094.03+59.95*  570.93+32.81* 3,550.36+102° N/A
Co 36.45x1.7° 125.99+4.76°  455.22+11.64°  901.94+33.41°  36.36x2.23¢ 41.442.12° 28.68+0.25" N/A
CG 75.942.09° 257.2343.86° 699.5£13.85° 1,19021+21.13°  89.72+0.93° 80.06+1.43°  104.15+1.63° N/A
Cl  2,111.58+87.99"  476.63:1628"  712.98+35.7° 1,389.39+60.4°  161.39+6.72°  125.28+9.33 259.73£10.36"  28.17+1.62
CB  5,635.62+138.54" 4,91839+5833" 2,111.76£22.64° 5222.6+26.19° 1,597.1+18.12°  714.54£72.54"  4,782.38+40.84° N/A
CHO 31.5+0.85° 32.22+0.65° T1.73£2.61¢  1,044.8£31.84°  32.86x2.04"  354.16+13.84° 22.9+0.41° N/A
CHG 93.26+1.98° 167.63£2.55° 232334537 1,295.94+29.1° 109.9+1.4° 368.03439.11°  103.28+1.38°  19.42+0.33
CHI  1,783.45+3047°  407.77+6.26°  284.86£5.32° 1,356.07+41.45" 166.01+2.01°  433.98+1323"  247.16+1.86" N/A
CHB  3,547.66£106.34" 3312.54+116°  1,072.02+£51.55" 3,411.85+166.61° 1,105.35457.77° 1,645.36+339.49° 2,825.42+130.25°  N/A

*ADifferent letters within the same column indicate significant differences (p<0.05) in contents compared by digestion phase (after).

*Significant differences (p<0.05) in contents before and after the same digestion phase.
'S: soybean, K: kidneybean, C: cowpea, CH: chickpea, O: oral phase, G: gastric phase, I: intestinal phase, B: BBMV phase.
2 N/A: not available.
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Table 6. Changes in fatty acid content at each phase of digestion

375

(ng/mL)

Sample” Palmitic acid Stearic acid Arachidic acid Oleic acid Linoleic acid a-linolenic acid

(C16:0) (C18:0) (C20:0) (C18:1(n-9)) (C18:2(n-6)) (C18:3(n-3))

SG 4.265+0.08° 1.317+0.04° 0.12+0.00° 6.372+0.13° 18.922+0.36° 3.113£0.07°
SI 8.826+0.07° 2.71+0.08° 0.239+0.01° 10.78140.18° 34.234+0.34° 5.86:0.07°
SB 10.999+0.34" 3.691+0.14° 0.318+0.01° 11.253£0.3° 33.27+0.84° 5.517+0.17°
KG 0.728+0.07° 0.142+0.03° N/A? 0.311+0.03° 0.816+0.05° 1.089:0.06°
KI 2.17+0.06° 0.432+0.03° N/A 0.869+0.03° 2.161+0.05° 2.758+0.06°
KB 3.3244021° 0.777+0.08" N/A 1.554+0.09° 3.566+0.16" 4.134+0.14°
CG 0.769+0.02° 0.131£0.01° N/A 0.294+0.01° 0.913+0.03° 1.336+0.04°
CI 2.99+0.12° 0.542+0.08" N/A 1.076+0.04° 3.102+0.09° 4.446:0.10°
CB 4.236+0.22° 0.989+0.12° N/A 1.746+0.08" 4.475+0.20° 5.817+0.24°
CHG 2.017+0.18° 0.408+0.08° 0.093+0.01° 6.596+0.43° 6.063+0.48° 0.223+0.02°
CHI 3.103+0.45" 0.817£0.30° 0.149:£0.02° 9.115£0.37° 8.077+0.30° 0.325+0.02°
CHB 3.6120.15° 0.959+0.10° 0.155+0.01° 11.444+0.31° 10.1110.30° 0.365+0.01°

*dDifferent letters within the same column indicate significant differences (p<0.05) in contents compared by digestion phase (after).
Y'S: soybean, K: kidneybean, C: cowpea, CH: chickpea, O: oral phase, G: gastric phase, I: intestinal phase, B: BBMV phase.

2 N/A: not available.
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