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B OEAMTRMEAS-F AW A TE4 (5-methyltetrahydrocalcium folate, 5-MTHF) KiE4 iy aT#, Hx
RSB AESWNH R, ZXAILFKRSEE A (whey protein concentrate, WPC) F= S-MTHF A #F 25F &, #| AR H
HFE %, KX WPC ERR&HT GRE. mIF X, BB pH. HALKE) 2 5-MTHF £ 4 T A6y %eh, K
RRAREZRELEN G EAERBUEELTEE TR MG T, Z2EE0W, £FHLUE, WPC TH s-
MTHF % % 6 &, &IF#tk4y T S-MTHF, a2 E2WmH N B L RBERX, /& T 5-MTHF 69 £ 4 7T &,
B, WPC KB . WPC L X. B W pH. HLK RS 3H KR4 EH 0 S-MTHF 69 £ 4 T R A2, €4,
AP, EFHAN B, & WPC-5-MTHF 413 A4 M & 5-MTHF, £ 4T AWK H 0. &5 H L&, WPC-5-
MTHF %869 £ 47T B P WPC iR E 8938l iR &, 3 S-MTHF A6 A M T RMHRS T 11.1%~19.61%; A2 5412
W, FHEHRA., AL EG AT R A TAAS RS T 8.49%. 9.52%. 8.75%; &M pH A 7. K
ot iE % 5 had, WPC-5-MTHF A9 RAEL ST R4k, 25 R 45.17%. 42.32%, 5 5-MTHF 4k, #3 %
QAL . Biafe b {iay4 R <, WPC-5-MTHF 4% WPC #14 £ 942, & Keye{zsst{d, HH WPC-5-
MTHF £#) 8 TR 51 AR H BT, SRR 5-F R Aot B AILS & a8 AREZER S
KR SLA RS, 5-F R w9 et B 45, RN E AL, A T Bk, L
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Effects of Whey Protein Concentrate on the Bioaccessibility
and Microstructure of 5S-Methyltetrahydrocalcium Folate
in Simulated Digestive Environment in Vitro

ZHANG Yusong, CUI Weiran, TANG Zhenyue, BAI Hongyu, SHAO Meili’

(College of Food Science, Northeast Agricultural University, Harbin 150000, China)

Abstract: Bioaccessibility is a prerequisite for S5-methyltetrahydrocalcium folate (5-MTHF) to perform their health
functions and is susceptible to the influence of food components. Through in vitro simulated digestion, the effects of whey
protein concentrate (WPC) on the bioaccessibility of 5-MTHF under various circumstances (concentration, processing
technique, gastrointestinal pH, and digesting duration) were examined. The changes of particle microstructure before and
after digestion were observed by colloid particle size potentiometer and laser confocal. According to the findings, 5S-MTHF
could be securely wrapped, shielded by WPC throughout the stomach stage of digestion, and then moved to the small
intestine for full release. Additionally, during the digestive process, the bioaccessibility of WPC-5-MTHF tended to rise in

all groups. In the meanwhile, several factors such as WPC concentration, WPC processing technique, gastrointestinal pH,
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and digestion duration had varied effects on the bioaccessibility of 5-MTHF as well as the particle size and potential of

WPC-5-MTHF during the digestive process. Among them, the bioaccessibility was 0 and no 5-MTHF was found in any

WPC-5-MTHF group throughout the stomach digesting stage. When compared to the 5S-MTHF group, the bioaccessibility

of the WPC-5-MTHF group improved by 11.1% to 19.61% during the intestinal digestion stage, exhibiting a positive

connection trend with the WPC concentration. When compared to the unprocessed treatment group, the bioaccessibility of

the ultrasonic, high pressure homogenization groups was reduced by 8.49%, 9.52%, and 8.75%, respectively. At an

intestinal pH of 7 and a digestion time of 5 hours, the WPC-5-MTHF group displayed the best bioaccessibility, which was

twice as high as that of the 5-MTHF group, at 45.17% and 42.32%, respectively. The results of particle size and zeta

potential showed that the WPC-5-MTHF group had smaller particle size, larger absolute value of zeta potential, and the

structural changes of WPC-5-MTHF would cause changes in digestibility characteristics. Theoretical support for the use of

S-methyltetrahydrofolate calcium in dairy products is provided by this work.

Key words: whey protein; 5S-methyltetrahydrocalcium folate; in vitro digestion simulation; bioaccessibility; microstructure

MR AR LT BRI TR R, 2 5B G
I EAERRF AL M AN oA . HRTG T i 32
TERY IR AN FEFRN P, AHG PR e = A A, 20
IRy 5-FH R U SR A RE W SR, i H N
AFAEJRIBRAAER ) 5-FRL PO SR 5 02 5-FH LU &
TR HT AL ERIE A, S CBACIR, 7315 497.5,
HA B R e T, HICH HiRid s R 1k, vl 4%
BRI o LR AR kb SR, B
VR T IR 2L FEAORH, AR 2512 1
A2 5 A s . HAT, EWAXT 5-/
HEPUS PR ES AYWTIE E AR D T 5% . SRR
) K5 95 T BTG 5010, ARl 2 D7 T g F S L D,
B S SrX 5-FF L DU S IR B T AR A A=)
A KPR SR AT

FLIH S PR A FL 25y, 2 g-FLek
HE1(35%~65%) . o-FLHH F1(12%~25%) . FEBk
HH(8%) . AL I (5%) MFLBRAE I (1%), 43
FHSh 18.3, 14.2, 150, 66.4, 80 kDa, JH.HA
B M E IR E AN R A SRR, W AE R I
FIAS T2 ELSl e . FLEE A RS A 2D a5 G101

HARH, SEm HoREVE | DA et S el
AT, LI AT 2 5 i IR A RS E P
THACRRE, PR A i KA1 I 5 - L U SR
PG Sy — Ao B P b SR A T L] s, HETH
AR 2532 BIFLHE 85 AR R A T A 2

L AT R MRS S IR SR H A P A L 2
b, EEFEE IR SRR R E i b i S a
HAYLUAE, AR R b oRsE T ez R e . )
FAARSME ARG A= ] S VEBAT T BS54 T . ik
A TSR AT AT, S I SR I S A
BRI T B, BE T, AWFFER A M AR, 5%
FFLEEATEARF ST RE . 07, ik
pH. THALHFE]) X 5-FF B U SRR EG rfpki A | HLAE
LEW AT KMk KA A A 2, LA 3 75 5-H 2k P
SRS A A FERas B F L b b s, LSS P
HAMACBTBO™ A= 0052, Sy 5-H LU S IR 5 7E L
il it o B D PR LA BRVE S35

1 APRSTA
1.1 MRIENE

FLiEHe 45 1 (WPC 80, TR & N 77%) . 5-
FA L PO S R AS (2B >97% ) MERF LS EIHA4L; 5-F
FEPUS M ERARAESS 4l >98%, Sigma 2\ Al ; H R
(Eggal) . N5 (sl | a-MERIERIEE(1:4000) |
BAEMRF(1:10000) . R AEE(1:4000) . FFAHER
At R FRHE A A F

1260 T B2 = SR AR TR 2 E 22 e
4N\ T ; Mastersizer 2000 BOGR AL e FE SR SCIA
IBHAT R F] FV3000 HOCILIREBMEE HA
BRI A
1.2 XFEE
1.2.1 WL H  a.FLiE U 4E 85 11 (whey protein
concentrate, WPC) ¥ ¥ 14 il £& . #E# R EL WPC
By, T 0.01 mol/L, pH7.0 FIBERREL 2% i (PBS)
T, TEEIR A N IRE 2 h, I FEM S , BT 4 °C
VRFA I -

b.5- 1 BL PO S iR 5 (5-methyltetrahydrocalcium
folate, 5-MTHF) ¥ W& 19 il 45 . FREL 0.0027 g [ 5-
MTHF ¥3K, % T 0.01 mol/L, pH7.0 1J PBS , fifi
HZH R 0.27 pg/mL. Z=3E NG 14FE 2= 050 %
fift, wlE AR oE Al

cFLIEM AR S S5-I FL DU S M FRESTR B TR
i il 2 (WPC-5-MTHF) . 435 Bl WPC iF# 5 5-
MTHF #84% B 6 ir s Lb R A, fE =i Tk
BiFE 0.5 h J&, 4 °C THRAF 24 h, Bl B2 58 4l
1.2.2 RAMHEIL  ASME AT SRS fh
FAEE 2= R8 Minekus 2517 BIARSMERIU . #57H
W W R . BELE ¥ (simulated gastric
fluid, SGF) . #% ¥ iz ¥& ( simulated intestinal fluid,
SIF) FAH N (%) e I IR« TN K ZE g, b e i o
R ELAAREC I UL 1.
1.2.2.1 BiEAFL BECHILE 9 WPC. 5S-MTHF
WPC-5-MTHF %% 10 mL 58488 BT L
1:1 Ay LR WVRS, FH 1 mol/L HC1 P 1RSI pH.
T T VR A W P I A B g, o e 2 vk B Oy
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# 1 SGF. SIF HLf# K O EC

Table 1 Configuration of SGF and SIF electrolyte
SGFHfift ik SIFHLAEI
N e g H1.5 H7
am . .
N 287135 N 287135
(mL)  (mmol/L) (mL)  (mmol/L)
KCl 0.5 6.9 6.9 6.8 6.8
KH,PO, 0.5 0.9 0.9 0.8 0.8
NaHCO;, 1 12.5 25 42.5 85
NaCl 2 11.8 47.2 9.6 38.4
MgCl,-6H,0  0.15 0.4 0.1 1.1 033
(NH,),CO; 0.5 0.5 0.5 - -
HCI 6 1.3 15.6 0.7 8.4
Sk 3 ERE 3 ERE a

500 mL 500 mL

2000 U/mL, R fH & T 37 °C. 85 r/min FYTE RS
FEFATEAL 120 min, ZRJ5VK/KIE 10 min, 5.
1.2.22 A S H L B IEENE R
10 mL SR 121 i Lk BlE &, H
1 mol/L NaOH #5751 pH. TG MRS T
TN il A0 AL, A5 A5 B 1 11 B 28 M B Sl 100 U/
mL, H 7 A B M5 N 0.16 mol/L, 2R )5 ¥ H 8 T
37 °C. 85 r/min MIEIRIFFEFATE AL 120 min, FRI5 VK
JK¥ 10 min, 25

LA A TEARBT B AT UL SRRV AE 4 °C 4544
F, 12000 r/min B5.0> 20 min, Y8 EiE#, T—80 °C
VKEE T RATE, T T IS 224 mill e -
1.2.3 FAEZFEL
1.2.3.1 ANEH B WPC XF 5-MTHF 714 1k 88 i
s WPC MBSy 0.5. 1.2, 3, 4 g/100 mL,
5-MTHF ¥ 25 0.27 pg/mL. ¥ WPC. 5-MTHF,
WPC-5-MTHF #Z /& 1.2.2 JEAT RSN S AL, )
BT R R, Az
1.2.3.2 REEINT I WPC % 5-MTHF 1L 4%
PEEG S WPC(3 g/100 mL) 43 51 #E F7 #h 4k 3
(60 °C, 30 min) . /= JE ¥ 5 4L B (100 MPa, ¥ 5t
3. BBAPALIE(300 W, 15 min), [FRHEE AL
I WPC VE X B2, 5-MTHF ¢~ 0.27 pg/mL.
4 WPC. 5-MTHF. WPC-5-MTHF #Z & 1.2.2 # 47
(NARTE R XY = et EL 7/ I DN o YR = K YA
1.2.3.3 A[FEEAETR T WPC %} 5-MTHF 51k
FEPERI R WPC. 5-MTHF 3 & 4 9%y 3 g/
100 mL. 0.27 pg/mL. ¥ WPC, 5-MTHF, WPC-5-
MTHF #2188 1.2.2 7SSO, 43 5I7E B 1k
AFE] S 0.5 1. 1.5, 2. 2.5 h BUREE, 2 A4 mT Rk
kit HLA .
1.2.3.4 RFEHHALFTER WPC X 5S-MTHF {5144
PEEEAE WPC. 5-MTHF #REE/IE 3 /100 mL .
0.27 pg/mL, ¥ WPC, 5-MTHF, WPC-5-MTHF %
B 1.2.2 ST TAARAN SRR, S-S0 AE B T A B E] A

1.2.3.4.5h B, A4 mT Kbk oRide . Bz
1.23.5 AFEE pH F WPC X} 5-MTHF L4
s B pH M 1.5, 2, 2.5, 3. 4; WPC, 5-
MTHF ¥ 45 3%~ 3 /100 mL. 0.27 pg/mL. ¥
WPC. 5-MTHF. WPC-5-MTHF #% i& 1.2.2 #4714
SINHEAASIS , DU RE A= m] Kk | kids . HAs o

1.2.3.6 Az pH F WPC %} 5-MTHF A0
w7 pH rilisERN 6. 6.5, 7. 7.5, 8 WPC, 5-MTHF
HE S5 M 3 ¢/100 mL 5 0.27 pug/mL. ¥ WPC,
5-MTHF. WPC-5-MTHF /& 1.2.2 #4744 4 1k
LU, M AT Bk, Rifas . HafT o

1.2.4 YA YRR G SARSMNEACIE RE S
12000 r/min &5.0> 20 min, W& FIEW, @) 0.22 pm
B AR, SR e ) P = RO A S I B WS-
MTHF &, 54 m] Kotk A=

C
W(%) = C—ixlOO

P W RIR 5S-MTHF A=) KM, %; Cs R
VW P EES B9 5-MTHF & 55, ng/mL; Ct: fAF&
W 5S-MTHF & &, ng/mL,

SR A REAG MTHF &5 i 541-25:2% Herbig
SEUS Ty, BRSNS

A2 s 1 B i O LA 1260115 4,335 41
supersil AQ-C,g f43i%41 (4.6 mm=250 mm, 5 um); #f
A 20 puls; WK : 0.8 mL/min; W ShAH: I P FH iR
7K=10:90; HEFEIRLEE: 30 °C; 2GR I : 295 nm;
K 356 nm.

1.2.5 Rifs. Zeta FRAZIGIIE KA fb S i RE
i VS MR RE 100 A%, FHRLEE Ha AN, S AT S A e 2 )
REASLECHEA TRLAR I 2 , 1 F 4 UL 50 Uk, Bk
FEEHE] 10 s, MIE AL R 3 Uk APRLEE B 43 BT
I Zeta BN ERBIZIEAT Zeta RIS, B2
UREL 100 IR, B AR 244551 3 IR,

1.2.6 FOCILRMALENUEE =7 Zema F' (5L,
FIH O IR LT B M5 W EE 5S-MTHF . WPC,
WPC-5-MTHF IA4MEALRT IS FE S I EUER, B R 3
Fluo View {4 R 48 A4 (B AR [ 8 ) FREL 1024
1024 19 tif #52. H, WPC ¥ N 3 g/100 mL, 5-
MTHF &K 0.27 ug/mL; BiH1L 2 h, pH & 1.5; %
1k 2 h, pH H 7.

1.3 HEAIE

ASBFFEXT 3 R4 S5 S0 80 E $EAT BOF- 24 (H Ab
B, BPEALPESR T Statistics 8.0 [4EA R 227 224587,
LA P<0.05 FREHRA-7E 5 25 53, >R Origin 2018
AT EI R T4
2 FER5Ph
2.1 AERERY WPC Xf 5-MTHF S 497] K2 14 AR Kl
=, BAHIRN
2.1.1 ARFEHEHR WPC X 5S-MTHF 4= 9 1] X PEf
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o AREHEE R WPC X 5-MTHF 2E¥n] K pEig
sEmE LI 1, 4 B IHAL B, SRS /) WPC-5-
MTHF #2H A= ¥ nl KMk 05 78 1% 15 4k B BE 5-MTHF
Ay A m] Btk 5 3R R (0.5~4 g/100 mL) S ELIE
FHSE, TERE M E N 4 g/100 mL B, 5-MTHF 4=
] PR B A, NIk 39.71%. AT IR R i) GERAE
B IM1LHT B WPC ¥ 5-MTHF {32, Bl WPC B4
Grradc B AR A B KFRE T, 20 S-MTHF R8BI,
TEH RN E] S-MTHF . M7EzH kit A2+ wWPC-
5-MTHF #{REE ARG /KfE, S-MTHF 75 AR,

45

HPn] K (%)

CHe N Y™ E§éltp Ny S X

WPCH ¥ (/100 mL)
Bl 1 AREHREER WPC X} 5S-MTHF A 85m] K520
Fig.1 Effects of different concentrations of WPC on
the bioaccessibility of 5S-MTHF
TE: AR KRS F AR F AR EARE T 2R E#E
(P<0.05).

2.1.2 AEHIER WPC %} 5S-MTHF 742 (1 5211
HHE 2050, A% EHMAMERRZN, 5
Borreani 2521 Liu £8P Rl 2 045 R —2 . R
2 WPC 2R I3 1 8 A8 LIAIRPT B & R
IK S, FETE AL B v B K& D /NG B, T
WPC 5 5-MTHF 45 & J5 A5 & A= A8, & 53 7K fiiAsr
HEMELLBESE T, WPC-5-MTHF 4% #4) 55 11 2595 23, 3¢
{fi WPC-5-MTHF 1£ B 1846 5 B kA2 s8N 5 /F
WPC. fziHth)a —FHRifiRIAE R, WPC-5-MTHF i
BB IR R T WPC, H'5 WPC W E R IEAE, X
S TR AN e UE TR (Al B R A K AN ER A=)
JRMIEAEE R, AW B S BRSSE &R 4-
FLERE M LB — p-FLER B (1 5 5 vl R B K
R, FFLAHEN 5 WPC 454 5 /) 5-MTHF B 5 9%
IKAEIETI, BRI 5-MTHF B4 a] Mk

— WPC

= WPC-5-MTHF
= WPC-H
= WPC-5-MTHF-H
2000 ez WPC-I% i
2 WPC-5-MTHF-if 5 "
15001 o B g

25004

1% (nm)

i

Z 1000 7

*

500, 1]

EHIRE (2/100 mL)
K2 RFEHER WPC X 5S-MTHF RiA2 520
Fig.2 Effects of different concentrations of WPC on
the particle size of 5S-MTHF
T ARG F AR F HAE AR E N 257 0%
(P<0.05), ANR/ING FHRACRA R IR R —FE F R T 255
B3 (P<0.05).

2.1.3 ARFEHER) WPC X} 5-MTHF HL {37 (152110
3% 2 A%, WPC-5-MTHF 4H 76 AL R S 09 a7 44
SHELGZEE T WPC 41, H 58 )& 2 8UIEAHSCH
#aF, WPC Fll 5-MTHF 454 0l 4515 S8 A Fi4r
FAIG R AR, B kIR 3Rk A A AR A, AT T35
Zeta EE A 40 X E 18 A, 2ad B ik )S, WPC-5-
MTHF £H Ay PR (B 5% S IEME, X2 Tk A B 2R
% pH & 1.5 /NF WPC 45 & (pl=4.6) i . #
WAL EHE], WPC-5-MTHF ZH Hi, {57 26 X B A, 1 e )5
PR v T, AR R B e AT B R IR L JIH
ELMF B, Xt 53 T WPC-5-MTHF W 5} @l /K fii%,
MRS A4 (i HL %) 5-MTHF

22 FEMIFHE WPC 3t 5-MTHF 4R K1
Kfifz. BARSEN

2.2.1 REHITIHF R WPC X 5-MTHF A=4n] &
PErFEm AREHNT 72 WPC %} 5-MTHF £
AT B s WIE 3. 45 WPC-5-MTHF 20 7E B 1M
AR B, YRR Y 5-MTHF, 4§ 5-MTHF #9449
Al etk 05 e AL Y B = A BLH A A= ol K
TR B2/ N ARARBRZH H ST 5-MTHF 4H.(P<0.05),
{H = A-AbHRZE 2 8] 22 53 2 35 (P>0.05) , iX R A4
WPC-5-MTHF £ ' 1y WPC #B <X} 5-MTHF G %%
LAY YERT . TERTHALBITBE, 4 WPC-5-MTHF 41
¥R WPC ¢ R & 11 B 7K St i fd S-MTHF B, $&

# 2 AFYRER WPC Xt 5-MTHF HL v (#5206
Table 2  Effects of different concentrations of WPC on the potential of 5S-MTHF

HIth [EREEL4 7REK 4
HeJE (/100 mL)
WPC-5-MTHF(mV) WPC(mV) WPC-5-MTHF(mV) WPC(mV) WPC-5-MTHF (mV) WPC(mV)
0.5 —27.29+0.554° —25.6£0.58" 15.7£10.7 10.18+2.14 —35.78+0.63° —29.0£0.75"
1 —28.15+1.24"° —26.6£1.57* 24.6+0.57™ 19.33£1.20% —36.07+0.87"° —30.1£0.44%
2 ~30.16+0.28% ~29.0+1.31% 24.8+1.13% 19.4742.05% ~37.81£1.06% ~31.240.31%
3 ~32.28+1.01 —31.4+1.29% 27.0£1.20% 17.1£0.75% —37.93+0.65% ~31.7+0.58%
4 ~33.1£1.07% ~32.4+1.30% 26.7+0.69 16.9+1.45% ~38.31+0.13" —32.0140.6™

TE: RRRE F AR R AEAR R TR T 26 5 8.5 (P<0.05), AN[R/NE FRARFA R /LR — 8 IR EE T 2557 .3 (P<0.05)
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Fig.3 Effects of WPC with different processing methods on
the bioaccessibility of 5S-MTHF
T AFKRE FRACRFE A AR E AT 20F 255 3%

(P<0.05),

222 ANEMT. A WPC Xf 5-MTHF kif2 15
m FE 4 AT RUE Y, TEAEET WPC-5-MTHF 445
B/INF WPC 20, S ANER . & R8T, b 3
fY WPC-5-MTHF 4R 48R4 T A AL BRAH (1442 4
EREAN(P<0.05), X ZH THEASIE, a5

= WPC
= WPC-5-MTHF
25007 wm WPC-H
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Fig.4 Effects of WPC with different processing methods on
the particle size of 5-MTHF
T ARIRE FRACER R HAE AR E AT I7 30 25 3%
(P<0.05), ARG FRHCEA R AR —E A T 77 :20F
25 3 (P<0.05)

RABRAR, RiAR YN0 R In AL B Y
WPC-5-MTHF 2028 B iHib)G, Fifs i 2 KT oRab 3
55 AN ERLH (P<0.05), MR = R85 | indhuah 2
o BIPR R R I m K R i, PR T & AT e AR Y
IR A EER Y, A H 0 5wl K i 2 A RAE TR . TENATE
1 B, hn#A 4 BR 28 k7 428 4 25 AIK T Hifth WPC-5-
MTHF 20 (P<0.05) . Jin#ab 3 5 5 7K 5 A R B 2
%, NI RE S S BUBER (Il . 07T ER IS5 G0 g,
WPC B R AR Sk /N3P, S BORIARI/)N, RIS
5-MTHF #E$eaiRs@H LI Ei v, m itk S sy mT
TR

2.2.3 AREHNLITH WPC %F 5-MTHF H, {37 (5%
ma o R 3 s, TEARET S B = A BEZH B A 48 Xk
{H )R T ARACFRL, 5 5K TR AF 0 X By #5455
Zhao ZEPY FIE 4, IR —2, SR T A AN Y
FEABM AT, B2 B RREHk, & E
THAL)S A R TUELSS A TR AR FEMA TS AR B, — 4k
FRZH A WPC-5-MTHF . WPC B4 FE A 48 X HE KT
REALIRLH, HEM WPC Zead b PS5 Wl K i Ly
L/ IN T TR

23 AEB. BiHEHETET WPC Xt 5S-MTHF £47]
FMELARRIR . BBAIAYSZNE

2.3.1 KRFEBE. miEfestEF WPC %f 5S-MTHF 4
Yyal KerEmgsem ASE E B IE AR R WPC Xt 5-
MTHF A9 A] M PEpys2nm ULIEl 5. 78 B i B,
WPC-5-MTHF 40 &AM %] S-MTHF B, 5S-MTHF
MIZERIAT KR 00 TERATHALIY S, BEZE TH AL Ta Y
HEK:, WPC-5-MTHF £H 1949 7T Bt AW T =, vl
BESETEZ AL R WPC Frae gl Bemask i, MnEs
ZEAE MY 5-MTHF AWl >k . 5 M AGET ]
>}y 5.0 h Bsf, WPC-5-MTHF ZH i) 4= 9 7T ek e v >
42.32%, 5 5-MTHF ZH4H Lk, nI¥: 5S-MTHF 1944
Al KRR R 2 £

232 AFE . miEErET WPC X 5-MTHF %7
Zisgm i E 6 nI A, 72 B AR A A 0.5 h i,
WPC-5-MTHF 4 K745 2 35 Ui /N (P<0.05) . {HFEZE
AR AR, A R/ NP2 . iX& i F WPC 78
B 7HAE 30 min J5, AR ME FIEE M . o-FLAEMISEN
W TE K, ARG, FERATE AL TE] 1~4 h Y,
WPC-5-MTHF Z£H %472 Bifi 77 £k B[] i SE 17T Sk 22534

# 3 AREINT I RA WPC X 5-MTHF HL A7 A 521
Table 3  Effects of WPC with different processing methods on the potential of 5-MTHF

! LG Bk iZRzKee
inT Ik
WPC-5-MTHF(mV) WPC(mV) WPC-5-MTHF(mV) WPC(mV) WPC-5-MTHF(mV) WPC(mV)
RZALFR —34.7+1.14° ~30.73+0.90* 13.3+0.55 12.0140.56 —30.46+0.31% ~29.52+0.18*
AT b —37.1%1.1¢ ~34.7740.21™ 17.05+1.13% 15.06:£0.74%° —31.43+0.59° ~30.47+0.565
[Eate) ~36.4+1.2% —33.93+0.85 14.38+1.055 13.67+0.59% —31.5+0.34% ~31.15+0.66
JngAsbE ~34.9+1.54° —32.1+1.01% 14.01+£0.19% 12.440.505 ~31.68+0.74% ~30.29+0.935

TE: RRRE F R BA AR R E N T =R 285 835 (P<0.05), RR/NG FRAER AR R ZL7ER — 8 A T =0T 225 835 (P<0.05)
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Fig.5 Effects of WPC on the bioaccessibility of 5-MTHF under
different gastrointestinal digestion times
T AR RS 5 B AR R W] 4L AEAS [ 96 A I 18] R 22 7t 3%
(P<0.05), AN[Al/ING FRECRA R ALTE 7] — 15 AL TR] T 22 5%
23 (P<0.05) .

K (P<0.05), HEMI LA WG IHER | BREGSEY 5
1EE M RETEL, H S5 5-MTHF 4545 )5 1) WPC &
Sy 5 LEsS &, IS8 WPC-5-MTHF 4 fkifs
TRZRT WPC 4. AEMGIHALESTRIN 5 h B, RiAeg,
/N ATRBSE IR T AR 9% R Gt 7K i, LHT Y 5-MTHF
T BefS 2 e BB o

i == i
25009 . wpe I ]
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Fig.6 Effects of WPC on the particle size of 5-MTHF
under different gastrointestinal digestion times
TE: AR RS 5 R AR W] 4 AEAS [ 9 A I [8] R 22 7t 3%
(P<0.05), A [Rl/INE P RARERAN R 475 [/ —TH A 18] T 22 5

3 (P<0.05).

2.3.3 A[FEE. BHEARTET WPC X 5-MTHF H
PEAIRENR 2% 4 1] UL, 76 B iEABIIE], WPC-5-MTHF
ZHEE WPC 4H H A B KAV 4 XIE, 0.5 h 5 FEE

B IHALH A RE R, S 2 B BN R 2R W AR b, 7
1AL B WPC-5-MTHF 2H [ L ASE 28 X571 4 4%
KT WPC, HEEERTA A IEL, Zeta HLAL YL XTH
AN, T BB AR AN WK s T i /N T
B, FEE S E B AWIKAE, S-MTHF AW B, ik
i A ] Rk

24 A[FEB. B5pH T WPC %f 5-MTHF £490] K%
ARRIE . EBAIAISZNN

2.4.1 AREE. 7 pH F WPC X} 5-MTHF E#m] Ktk
BIsEIE ANEE A pH K WPC X 5S-MTHF 4=49n] &
PErsZ I BLIE 7. FE B IE LY BL, WPC-5-MTHF 20
KA E] 5-MTHF B, S-MTHF 22977 K Pkl
pH IS, IX AT B2t TREE pH iy,
B & H A% 5S-MTHF RY4aLZ208 /0 irse . ek
BrEE, WPC-5-MTHF £HI8AE 0] Bt i 25K F 5-MT-
HF £H(P<0.05), EFf%E pH MR B RSN
#as, IF pH Ry 7 B, WPC-5-MTHF 40 A= 97l M
IR BB, D AE i 254 JBR AR 1 B AT 3 4y il i
P, XA A BIK i RR, 5-MTHF ik BBl

501 —- 5-MTHF B Aa
-= WPC-5-MTHF

—
oo wn
S — -

E 7 KRIFEM pH F WPC Xt 5-MTHF A= #50] K MEAI52
Fig.7 Effects of WPC on the bioaccessibility of 5-MTHF
at different gastrointestinal pH
TE: AR RS F AR FEHAEAR S W pH T 2 5 W%
(P<0.05), NFl/INE FHRACEA R AL R — B pH T 225 2
#(P<0.05).

242 AEE. B pH F WPC Xf 5-MTHF hif 15
o fHIE 8 PR, #ES pH A 1.5~3 B, WPC-5-MTHF
H IR AEAIT A 2 . 7E pH 2y 4 B, R AR fE1E,
2=l TR EEIT WPC 15F L 5 (pl=4.6) , it ix
ZIN, TB BB R M Uk A, S Boki AR B, FRT S S-

4 AFEBHIHEETT WPC X 5-MTHF HL {35200
Table 4 Effects of WPC on the potential of 5S-MTHF under different gastrointestinal digestion times

B AL E (h) WPC-5-MTHF(mV) WPC(mV)

BT ALHE (h) WPC-5-MTHF(mV) WPC(mV)

Wik -30.19+0.91% ~28.47+0.63%
0.5 20.68+0.86"5° 18.1420.624° 1 —25.72+0.84 —25.55+0.474
1 20.34+0.73% 18.12+0.474° 2 —27.43+0.20% —26.75+0.68
1.5 21.28+0.59* 18.47+0.63%° 3 —27.68+0.59% —27.0+0.41%
2 20.15+0.55% 17.62+0.76™° 4 —27.73+0.47% ~27.22+0.04%
2.5 20.08:0.38% 18.18+0.80° 5 —28.07+0.69% —27.29+0.50%

TE: ARIKE FRACRRIHAEA R AL 8] F 22 57 i 2 (P<0.05) , ANRVINE SRR FZHTE R —TH AL i (8] 22 5 .3 (P<0.05)
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Fig.8 Effects of WPC on the particle size of 5S-MTHF
at different gastrointestinal pH

H: AR S R CGERFIAEAF B 7 pH T 225 5.3 (P<0.05),
NRVNGFEACEA AL — B % pH T 22573 B3 (P<0.05).
243 REE. B pH F WPC X 5-MTHF H{LA5
mE R 5 AT, 7E B AR, B pH YK, WPC-
5-MTHF 2. WPC 411 LA 4a X HEAS W RIS, 78 pH
N 4 BF, WPC ZHRYHAEIEL T 0, 1 WPC-5-MTHF
HIW B F-6.79 mV, iXZH T 5 5-MTHF 454
J& WPC 1854 KA AR, 7288 A2 28 3R 1 1Y LT 4K
WA AR, FEMTEAE T B AR, e THALRY
B, BT pH 84O, HLAZ Lo XHE AW, H WPC-5-
MTHF 2H i) BB A 4 XHME IR 24K T WPC 2H, pH 192
ARA] Ge235E W IR AR B I8 M, i — 2052 WPC 19
IKFRFREE, AT NE B 225 .
2.5 HEHBERNYE

[#l 9 W R~ 5-MTHF, WPC., WPC-5-MTHF it

TSNS AL AT ISR S BUS, Hrh g a s i,
Lt N . EIHALTT, WPC 2H . WPC-5-
MTHF ZH 1053 A8 5), R W EREY) . T 5-
MTHF 41 2 83 S E & 1 RIS . B IEB
B, 5S-MTHF H &5 5 A EL, Z2 0008 B Ui 55 . 1
WPC-5-MTHF 420 #) WPC %} 5-MTHF 2 3} % %5 1§
“ALFLIRES, JLT-TC 5-MTHF B, DA B 3res
X} 5-MTHF F&Sfe, 4145 5-MTHF 7£ B iH LBy
AWl IR R 00 SAIETHALBYBE, FEAHER S5
EAREIVEF T, WPC-5-MTHF 4. WPC HIgHE
KIGREMRIE R, £ H T W WPC-5-MTHF 2H 43¢ (075
Sk BB B W sR, ULEAFERR R I AIYEA T,
WPC #¢ 7K i, 5S-MTHF #¢)8 DR ok, B b4 &
5-MTHF 49 0] Betk; [RIRT WPC-5-MTHF 40 [197%¢
S8 BB W KT 5-MTHF 41, U8 WPC 7 5181
[A]X%F 5-MTHF A E84- AR ER .
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Fig.9 Confocal laser imaging before and after digestion
of 5-MTHF, WPC, and WPC-5-MTHF

5 AFEEMW pH F WPC X} 5-MTHF {57 A0
Table 5 Effects of WPC on the potential of 5-MTHF at different gastrointestinal pH

HpH WPC-5-MTHF(mV) WPC(mV) JpH WPC-5-MTHF(mV) WPC(mV)
Wi —29.43+0.36™ ~26.01+0.66
15 21.26+0.35% 20.16£0.92% 6 —25.78+0.64* —24.87+1.41%
2 18.49+0.49" 16.05+1.47% 6.5 —28.49:+0.38% ~26.93+0.24%
25 16.92+1.80" 14.23+1.18% 7 —29.26+0.40% —26.69+0.61%
3 8.93+0.57< 7.68+0.47< 7.5 —29.1140.65° —26.64+1.32%
4 —6.79+0.82" 1.04£0.58™ 8 —-29.77+0.31 —27.9+0.62%

T A RE F AR LA B WpH T 2 57 1.8 (P<0.05), ARG FRHMUEA R AL R — B pH T 257 1.3 (P<0.05) .

3 #Hig

A 5T 0 L ARSI AR L R SR I AEAS TR i
BT o=, 5% pH. BAiEAR AT, WPC
X} 5S-MTHF A4 n] Kotk K HAROW LS i s . 5T

45 R, WPC-5-MTHF 204 WPC ¢HIA B/ 1Y
kit IR AL L XHE, R WPC R 5 & A ek
A%, X 33— 52 0 WPC-5-MTHF 41 ' 5-MTHF
B . B IHALT B, BB T WPC T4 5-MTHF 13,
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22, LRI E] 5S-MTHF . 1EZTHALYTEE, 55 WPC-
5-MTHF 2H 029l vk i 2 5 F S-MTHF 21
(P<0.05), H i, £ WPC ¥ & & 4 g/100 mL i,
WPC-5-MTHF 4 =4 ml JetE%s 5S-MTHF ¢4H 32 =
B PIAE; &S L SR AL BRI WPC-5-
MTHF T 2886 S804 Y nl Kotk i 20T
AALFELH (P<0.05); 7E% pH N 7. 1HALETEIS 5 h
B}, WPC-5-MTHF ZH A0 S5 5-MTHF 2H 457
HPEE T 27%. 18%, ZWFFE K 5-MTHF YE N B
SRALTF N T 2L PR A RS AK I, 5 B TH#ESh 5-
MTHF &S0 N, R i .
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