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ABSTRACT: Folate is involved in many important biochemical processes as a methyl donor, and folate deficiency
can cause neural tube malformations in newborns, cancers, cardiovascular diseases, and so on. Folate is present in
various types of foods, but it is poorly stabilized, lost in large amounts during processing, and has low bioavailability.
Folic acid is commonly used in dietary supplements and fortified foods, and is more stable and bioavailable than
folate, but carries metabolic risks. Naturalization folate is a stabilized form of folate without metabolic barriers and
can be directly absorbed and utilized by the body. Currently, the stability studies of folic acid and folate usually focus
on only one of the factors such as pH, temperature, light and oxygen. This paper compared the metabolic pathways of
folate and folic acid, and summarized the effects of pH, temperature, light, and oxygen on the stability of folate and
folic acid. In addition, introduced the research progress of naturalization folate, which is expected to provide
theoretical basis for its development and application in the food industry.
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Tk BAREES iR 9S4 FRBR folate 4b, AR
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% 5 PR W UE i 48 4% 1T B2 (deoxyuridine  monophosphate,
dUMP) | i it s 0 [t 48042 1 B2 (thymidylic aicd, dTMP)AJ4
At FE, 6S-5-MTHF it = 2x T8 dTMP & 2. K,
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carrier 1, RFC)ilF AZHiffirh, 7E =M RIA )5 (dihydrofolate
reductase, DHFR)FAE T 551k — &M 2 (dihydrofolate,
DHF), DHF 7£ DHFR f91E I~ 41k THF, {H DHFR {& 1
BAR, RARMRTE/NG HIRIL, A2 DHFR (R, (HE
B ERAE AR R, 2 AR E R 260~280 pg/d, T
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PR (BRI A AR A 0. 2% PTHR 1L R (4 A=
F O)gli & 0.2 mol/L 1 2-$i3& £ Bk o] LA X £ 55 MR 11
PR ENE, MR AR IECR N 70%~95% . ZR & AT 5
FLEEA Y, I B AOREEE . 2,3- - - R 2-6
fREL L Z /R, AT LS HUIe M AR A, DARE @ R 7E 43
BTN RE B PR P AR v (AR 8 1 - (RS G ) B B,
A e IR 55 FLA i B35 A 1 £ S S IR0 AT A% R R AR R
SRALE AR, DA SRR R T
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GRS R IE 50%3 . 90°CHTE pH 4 H (1 A i % b
Fi T pH 7Y, 6S-5-MTHF 7E P20 N i RaE M AR
TRtk R A A

LIANG Z5PWJF58 T FA 78 %35 T AR pH FIA [ i i
TR EE. S5AFRIH, FA ZEBM: S5 T (pH 8.05~10.40)
R, 72 WG A 6.9%M KM, HAERRYES14 T, pH 4 3.51
1 4.68 F, FEARFRAE 5%~15%22 8], Hidx pH 405 T s
YR 45%,

B IR AT LAY R 7 e P R e 5% v ) e fe,
T HARRRME S5 FRCR 2. LR RBE YR Tk
S3-FER W, EVFEK R EMRE W, dn] LIS B R R
R AR AE o
24 & K

BhENI 2~3 d J5 MR R FIk 50%~70%. 3 H TG
fEREF IR — USRS KA T s B B/ NRE I, T fLRERE
JIN, R AR BT, A ] A4 TR Y R G S B
T, BARRETT 2083145 7 6S-5-MTHF 5L BESY 1)K
68 kJ/mol F1 97 kJ/mol. 6S-5-MTHF 7EEALFIVER F 4558
AR 5-H L IR Rl i — U g & B,
6S-5-MTHF H#IZ A AL 4k JK12A, [HHt, 6S-5-MTHF
o A AR CO-N10 48, 77 AEAEY) FORTEERAY 4-2 I8 H
B AR, AT 8 11 LA 68-5-MTHF Bl kR4,
ITTTBEAR 6S-5-MTHF [ s

25 FA FES T FREELABEAE 1% MR R A )
EWENASSES T FA TEER PO TR, HIH,
FEIN T R P AU, AR 1 R AR A st
FARIEEER C. AP FTERE FA FFaRoR FREE i/
A, FWIRMCE 12 dJ5, FA (10 mg/L)TEZEmhifi(pH 6.35)

SRR, HMER S A 44 &K C (0.05 mg/mL)FFy

KRN mg/mL)B, FEMERIK 8%0%,

W R AR M A A DU SR T R O AR €31 125 (high
performance liquid chromatography, HPLC), HPLC 43 %
SEHRAR, AT RO E R 1Y R i SR AR T T AR, U
WPk, MOGRE | JEE . pH A 4 AR e ok
B PR3 % L R AR i R AN G R R e M, A5 A Rt
MR i A M R T R AR IR, A3 4 1 BT | A
. AARWRE L EEE TR R LR s
MR 1) Rl E P o

3 RARUHERHR IR

AN B PR HE 77 48 H B A & (recommended  dietary
allowance, RDAs) % 400 pg/d, Z2i0°% 600 pg/d, KIRMER
AN Tl e b 2o OR R R, 2200 FLEE S 2 LAF 4
SRABEOGE D B H R A 72 S BT RRB AR R, i
T, T F W 1A LR A I R K Y-85 A, AR P - i g
A A 4 BIR 41 £ 0 i AR B = ik 52.2% 47, HR,
FA J&# MR EIE A, —2e[HR, s sk,
Yo | JERZ/RAEH Db, AR T FEAS Pl i R R
AN FA BBORERL, HArsgidl FA 1Yk BEARRIE
JUR A, Tk — 2848 B 20 B 1 W1 8 A sk . e 1 GB
14880—2012 { F i & AR bR £ bl 8 R s AL 50 AR
) HR IR AL E, FA W] LMVE R E SR AL RI7E 220 . LS
Eih . AL A T L R ARk, B
KA BT FERW], FA SRS ARG 280 pg/d,
SRIRMZ RGN | &AM 0 B A
To e H UG B v A R AR IR B U IR, R A
6S-5-MTHF 5 A REW AT, 6S-5-H1HE DU S0 FR F5 5
(6S-5-methyltetrahydrofolate calcium, SMTHF-Ca)#l1(6S)-5-
FHIL USRI IR, & FLA 45 B £R [(6S)-5-methyltetrahydrofolic
acid, glucosamine salt, SMTHF-glucosamine]& 6S-5-MTHF
FREEE FRBL= h, BRI RIREITIR . AR A A 1L
# B9 6S-5-MTHF, JoikifAbWeli, (B4 6S-5-MTHF il itk
B RBEAJE, TEWN SRR TR, JRila e 7id
TETEA N, RARA IR Ry R AT B A ALK L 27
TAFN L) LA R AR TR SR AL T b 52 KRR MR 1A RGEAE
3.1 6S-5-FEMSHERI5E:

B IEL . AL MTHFR 2385 R MR
B2 E Y T S HE, FA AhSE IR 2 T A F R
T3 A0 G YR S S o 2 R T LA % AT (] > Jpe 2 K
F, 5 FA M H, SMTHF-Ca T (0, 7EARPIBLES 5 ]
AN 6S-5-MTHF, MTALEE 15 i 22 25 HEAR DG HY iR
AR RRERHP) 2, B 1 PRI AR o A2 B0 5 1) FA Tl ok
HYARACH B2 IS TE G - Rk, SMTHF-Ca S22 #b 7ot
BRHY 2P, HOUGHTON “Z2HEAf T SMTHF-Ca 5 FA
Xof R LA 0 4 B it R vk B A s ), 25 R 3R B 6S-5-MTHF
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A R WA 6S-("°Cs)5-MTHF-Ca 381k (14 T
)5, M3 250 2k T i # (area under the curve, AUC)HH
BT FAPY . BRI, LA R — A (0 AR SR AL
BEJT, AT T [ S R 2 it BY, SMTHF-Ca £ 4
RIS T 2L L By Wik b, I B R R0
HIIE G2, T LAZEAS ™ Az A AR i 2 16 00 T 4 it 2 5 1Y
R

W5 RB, SMTHF-Ca B85 I .14 58/ BURE S A0l
FESEE S SN, $28 SMTHF-Ca TE S a5t AIF 5 45 L
A T B 4 R SSORUE & AR ED Y 2020 4 [ 5 A A
T4 F 2 LS SMTHF-Ca $# M 3] L 38 2 =40
FvEH R . A aiE sl . RE )T OR BIEAY)
F PR B R BC 5 2R it th %, 2021 4E4HL SMTHF-Ca
TERFRRE B Ah(GB 24154 (2 E Rk ) & GB
31601 (240 AL AEE FRA LA & ) ) AR M BT
SMTHF-Ca ¥ J7 1458 M 58 3%, T/BPSPA 0016—2022( K4k
PR (6S-5-F PO S RS ) JWLAE T SMTHF-Ca i) 122
BB BE . Bk, BUEY . @A R R ARV EGE . A
IRERAEBOR, HR T ARN AR IS i, HUE TR IR AL |
PRai, bR%E . AR BRI AR N
3.2 (6S)-5-FEMNSMER, [EAEER

(6S)-5- FF 5L U & ke, 2 KL 4 B R [(6S)-5-
methyltetrahydrofolic acid, glucosamine salt, SMTHF-glucosamine] /&
6S-5-MTHF {155 fh—Ffa e dh B, LA M MR Fl s BL 4
WEER sk, Wk . ik Z5 5. R T E LA
B TEVH AL R GE P ARES 5 i 25 4 6S-5-MTHF F1a B 45 b,
T AR BT B N AR, A NIETEIR R G, KIEEY)
SPINRE . SASLH ANE B A WA A AL, 2 —Fh R
RIGY, Z 5 NIEHL AN, JUTAAE T A
NIRHL . MAZZA %DHER], SMTHF-glucosamine
(400 pg/d) S4ELEZR Be MIZEA R B A, LAl w5l
FA (5 mg/d) ¥ REFAIL HCY ML7E /KK SMTHF-glucosamine 4
e SMTHF-Ca EAT B4 HOTE MR IE, V8 R 25 b AT A= W 0
100 5. AEZERTFE 18 MHARE, B RIFrRE M
VAR, 2B A T EAROR R Ak, AR TS
LS T G

2010 4, SEEBER R (new dietary ingredient,
NDIN)#t#E SMTHF-glucosamine 1 —Fp ISR IH-BR Sk J5 ]
VINFHTFREE RN ERIH . 2017 4 6 H, SMTHF-glucosamine
Wl A 2 4 2842 3R (ministry of food and drug safety,
MPFDS) R HE 7] DL FS B 4 45 1E 1) I ) 2~ ot 2R 7K1,
X LAl 28 R 2 I R 2 A R A A 2017 4F,
FIAERRIAE TR R4 201745 8 S HLEIZ Y Rl

IR SR, T EAR PO (285 14.06), 2023
ESHI10H, EREZEEFRRETITERSWBALEN T
CEMEFRBRATN(6S)-5-FF I U AR, S AL )
1 il G A E FARME (IR IR B LAY oA, ]k — A S
X} SMTHF-glucosamine FrAEA RN, B ORI 7E 47 400
FR A R RO
33 E£MFAERBREMMR

H 1A, R BR 5> T 4540 5 R AR R 1)
AR, KRR S FA 25N EEZFET NG).
C(6). C(T)FI NEHHRJE, LK N(S)YRLA S B LU .
R 4 A R R B S R R A AE BT B B AR,
BRRM R 2 N TE T ZRAARETE X, RO 8o
W, T KA B SR S R RS IR s, R 2 P
HaE sy Tz, WAYR R R AR . — B R ER R 1 A=
WHRIHEL R 50%. FA JCRICH, NH 0o 5 a4
WA, e . X ESORH RS JAmRA R, REH -4
HaEmEt, VRREARIEAFAE, EYRHEZN 85%.
FAREM IR TC R TCHE, MHEBEIRWOLHHA, S H
B AR SCRA R RRIE SR, AR EEAH L FA 2
BT 2%

6S-5-MTHF % 5 & AL 2% CO-N10 &, 7 A48 A
IGERIY 4- B A H LSRR, SMTHF-Ca o TR Sk
45K, REMBARITHIPR S R, FEER FICE 4 FRE,
SMTHF-glucosamine Hints S EREZSRT
F/ORRRGE 18 A . ShdnE A FROA bR w R, i
TS TR e g 25 20 Kk, SMTHF-Ca,
SMTHF-glucosamine 1 FA £ @ 4507, {H H i KA R
(A G AIF 28 I8 A T2 40 B B, 45 i i SR AR Ak I i e e
1 R IR — A

4 &

KR TR R P 22 A e s A R b B ) 1 AR ™ R
o MR AGHEEATE PE  IEH Z A T & R TR 7EA
W R AC, EFTC AL AT DA AR T 6S-5-H
FEUEMR . RIRTHER NG UM R 5 B SRR AT i, Bk
R 9 AR PRI I 8 T R AR R . AR PR A i 31 8%
HERE, AR A D IR PR . RARMAEE S T
KRR N A B R A R I, B WS AR . "
AW FERIN TR | REEE Ty 2T B PR H /D I
Afb. RRMMER: 6S-5-H FL PO M FREG LR F(6S)-5-H 3
PSR, S SEAANE R S IR A AR AR . 22
AR LS RRBR BRI T 4 R RAAM R 1A k1%, —
HH RS AR E MR, Tnam st RS M A S IR A
WINFARIE &S i TRk, KRS R RRAREE
FEORAL B ) F B 5 T



5524 VWRA, %&: MERIEA. Rt RR B BT ik e 271
F1 RAMER. &KRIHEEAR A UHER R X 3
Table 1 The difference between folate, folic acid and naturalization folate
—[HRAE Tt SR KA
e
N O
HN /:§77‘/ H ° o]
: / N - »
OH Aﬁ} N_>—\N 2 ¢
0 O -0H 0\/ H H 0 0
o N ~ OH o
2Ly HN%MQ/LMOH H\%i /Qi}(/\/i( . SMTHF-Ca
S /6SH: MTHF e l ;j/\H ”ﬁ.;ibvw T, wol
T FA 0 CH, g;:\)ko “0\/810
NH,* " 25
MTHF-glucosamine
. - KRS/ Sk 4 1 0 B KT 2
=y 33 =N =R
SPEREE ANid KECEEEBE RN 500 mg/kg AR T 15000 me/k
Bt AT Z, % pi 25 o _
WL RN Bz T R BREAN U By G
RIS L
CIES YN ] LA IE 2 i i o AN I 2 i figg i e AL LA 1 i o
W R A7 J W, SR AN BR JHER W, 7754 B M TE WM, 7 AR
] - T BRI N Goad 2 B W O S bR ANHTEEACRBYER], o LIt B
WS ¥ A REw I WA
A= 2970 50% 2 85% T A MR 2 £5
bz ia o vk AFE W ARE, BT CE 1~2 4ERE BURERE, FINCE 4 FR e
_ RN N S E NN SN TN
i i W) S N
T SRR B Aidi LR . T ANk H
miARRRE; otz LR, AR A E
iy AT AERAQEI R, Ak B
A Tz WA TEY N, 53K BRI, WARAR, Mhidfae Wl RIS R Bz kR
T MTHFR B2V J& A
W e RIE R
RUEM2Z, EEMMERERER ARNGELSZEREERE, G1R
Bk st o, BURERE IR 50%~90%, ffAREL R KU, BT AE M A R G bk v T A iR
IERE B h ARG 1 R R AR I . e A Y XU
D gk, 2022, 56(3): 377-385.
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