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Abstract

As essential dietary alternatives for individuals with gluten intolerance and celiac disease, research
on gluten-free foods has long expanded from the simple replacement of single ingredients to a sys-
tematic field covering pathological mechanisms, raw materials, processing technologies, quality im-
provement, and safety control. By reviewing relevant literature, this paper provides a systematic
overview of the latest research progress on gluten-free foods, with a focus on analyzing the immune
mechanisms leading to gluten intolerance and their interaction with the gut microbiota, further un-
covering potential fundamental reasons for the persistent symptoms of celiac disease. Regarding
raw materials, research focuses on the high-value utilization of diversified ingredients such as tra-
ditional grains, coarse grains, and by-products, combined with various green processing technolo-
gies, significantly enhancing the texture and nutritional characteristics of gluten-free foods. In
terms of quality improvement, the synergistic combination of hydrocolloids, protein modifiers, and
functional components effectively simulates the gluten network structure, thereby improving the
product’s gas retention and mouthfeel. For safety control, not only has a cross-contamination pre-
vention system covering the entire chain from production, processing, to circulation been estab-
lished, but approaches to further reducing hazard risks and ensuring the safety of gluten-free foods
have also been proposed. Overall, the current gluten-free market continues to grow, and consumer
demand is showing diverse trends, but challenges such as high raw material costs and uneven prod-
uct quality remain. Therefore, future research should focus on elucidating microbiota-immune
mechanisms, developing low-cost green processing technologies, establishing standardized evalu-
ation systems, and promoting precise nutrition models, driving gluten-free foods toward function-
alization, personalization, and sustainability, providing new ideas for healthy food development.
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BN RESHYHTREAREEY), W T gmd) R J o s i ook . 2R, Xt
T AERL) 1%1 FLEEVS (Celiac Desease, CD) i LA =ik 6%~10% (13 7L BE 75 £k i iU (Non-Celiac Gluten
Sensitivity, NCGS) AR % 1 M B g e gl . %6 Tk, R OB kot 254 S Ho il i BR 1 419 GB
7718-2011 (FAL BB A ARZZIEIN) Y\ KSEHIARRE BUR 2 —[1], & T A DA RN,

H AT, ™ k88 TG 5 & (Gluten-Free Diet, GFD)J2& £% il AH JSRER 1 ME— A 01 IR T Pl FBL « 811
GFD 4 5 S il A . H—, BB Ehak, RIJCERST ™ PR Sk = 1 5 2 1 R 2%, R
HTERAS R ERIAEE . TR S E G B K, IRRIT VR, 20 30%0)FLBEYS o I E
TE AT GFD Ja, Hollm RAEIRAK IH FF 828 & & (Non-Responsive Celiac Disease, NRCD). iX— Il G F B,
PATINF T ERTAN 52 05 H AR B2 LA B A T8, i mE W IR E R TIR &R -

M 5N, BB S50 IR 5 128 XRk-GHES) 7 TRER I 7T 3E BB B o MR 7 O R T
1) BRI S o FIRRK . I 255 RNTCER R B8, SBIET R A SR O BOR, BRI ER BT D)
A, I 2) MURIERER: BRAHINT i iR - 16 £ ” BEER AT 2 e VLE, A
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TR T TSR ms S BB fdE s 3) Zaimhl: KR TR RS A RS R, ULSEHi &
il R R DT A BRI R AR .

IEEER, BEE B AR 5 BRSO FE, ok o i BOTT RN A3 T DR R e o 3l 3o R 75 5
T IS B S5 BOR B0E I T3 % SEBLR 0 0 SHRAC R IR0 1 i i - S BB S 2 m A 3K
Sl A A I A S T PR ) A R X B o (R AR P AT R A R SR A AT I A R . AT
TR B U R B . SCHRBOR QT TR A i SRS DL OR P R a3y, A D940
AT TS AL R TSR A (225 S RTIE TESR 3

AL T OAW AR, BERGIEIBEIR TR & i (RN EE . RBFORGIH . PR %44
i S rlta s, U AR S L SE R A T S

2. FKEATZ ARSI S EE R ER

ER TR AN 52 A0 2 1 G 88 S v 20 HH B 3 AN R S v . SLORBEMLA = AT AW P EETS
(Celiac Disease, CeD) T K I H ) HLA (N 2K A 4P JE) AR G e s, LA S AR L BE VS £ 5 BUB (N CGS)
FIHE HLA AT 980 s B o

2.1. REHERRE S A

fE CeD B3, $0NMIEK TR IR Z2 B 9 8 1 v B (i 33-mer 22 i) BRI TGVE#: 58 Ak, 2NN
FH 0 7 B2 2H 24 (Gut-Associated lymphoidtissue GALT)H £ 2H 4R 22 R Bkl 2(tTG2) I Bt = AL 18 1
J&,» 5 HLA-DQ2/DQ8 4T LA st M A M 45 & - 1% PUR-HLA E 59 2365 CDYT 418 |, T 41
H kTR AL A Th RIS 4000, (23 IFN-y M TNF-a 2502 K K TR ok, A SR EZES .
B s 1 A SRR PR AR AR 2], 48K CeD HE #5HF HLA-DQ2 5k DQS XA, M4 10% 5% U5 HLA-
DQ7 S HARERYAR DG, KWK T CeD AN I A5 15 5t 2 R3]

2.2. HEE#ENGHERESKBEEL

PEDy “NARES A W IE A YIRS S 5 8 52 ) K A K it 2 . Zambrano M T L 45[2]
34T 39 Bl NRCD B ISR I A, IFEGIRK S N80, R 7 A B35 A F R
FEEERE:  “IREDMER Y WRFERER Iy = I I B 2%, FF IR AR L35 0, A SR R
KT SRS EAT R B #8720 “ TR BOMIR " BRI AR I S DL B A (B bk SR A M 8 450, HL
EAE T HA Th7 Bk L e 2 AF A OQ B8 RO 1 s S i R RHE ) o 5 A, JEREIR CeD B4 1B
T 0 26 FL A B0 R I P S BB ARy, RIMEEAE B A S P Bh T RE 4R A8 8 S AR €

R AL it DN SRR T . IRICSE NBIR I, AR TELBOR “ Wi - Fil=
- G BT BCEAEIE I TR 2R AL S B RUZ AR R (OO T T At BB, AR P W B I e T £ K
USRI FBOE A e, ST B SE 1 JOAERE S

23. TEBURRHIIMERBRHN S FiY

GFD g RS AN T 7 FLBETS , FOR At B B S P s T 7E R A0 1E 52 310G . MRAEAE
[4]i81d Meta 087, VEAE T GFD Xt H 5 Szt FUR IR (AITD) 2 . 45 o8, GFD ok W35
FUIR IR T BETEFR(TTGAD:0.792; FT3:0.976; FT4:1.043; TSH:0.720), {HA]BF{KIMTE TPOAD 7KF-(F- 14 P&
25.10 ML) LK TGADb /K FCTI AR 21.82 AN ALY o HEM FLHLH AT REBE fe . Bl 35 4 B M s O
RO B S PUAN SRR [FE GFD v REREE I8 /D i P LR K 2 e FE P, HEIM U8R 4 5 J0E fL
fiifo SRV, AR UML) T 5 22 v o & X BE AT R n DAGIE SE2[4]
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3. ZERRMERIFS M IR
3.1. ZRUEREREESH~YSER

TERE R K C R — B BRI TR oK), Bt 2RI R, JEELTE KL
FEGAAY . FRAHR . B P2 R AR BE R A AR 1 D Re T TR TSR 2 ek & o R ORI K AT 2
MR CER R R IR, H B IR I Th B AN SRR, HESIAE I R A B AR R Gtk
WREH K. B, Dalal A SF[SHRER T K HFFRFEMMAETCERIT 56 P IR, RIUR S b B R 5522 0 i
HR S ERTE 13.02%, FEEFENE 11.07%, HFEEHINAT(337.79 mg/100 g). y-=IE THR(371.76
mg/100 o) 5AMEHEYI RN & 5. R, FERSFREMRIER, MG 2GR
1% 96% LA E IR B2, IXO0t T4 i TG &K T I ) PR B SR AN B A SR

B P A AR R BB G 3 — B R . ARG EREE[6] LURE K 1L 25 )5 N Th g MR Ak 1) 45 6 5k
JRGET R, AMUEGFTAF4E RS BN E 174.77 mg/g, GEINMEESRIER SRS 5E0R, B3
B TR, TERGK L 24 K M TE R R OF T AR A R I, R S R B A A R R A K R
PERIRSS, oI RSGE T R AR e . thAh, B HUER g Oy — PO B4 e &k i & UK, Tauferova
A FF[TIFFRIN, AR (<S%) i IN I TEA R BB B2 BE I RTER T, 1T 2 & B At A b e
77, XA AR SRR T R SR A TR .

B PR 8 SR R 2 H TG ER I W R AR DR T T 2 — o FREAE BB TR A,
HINTHEIGE S OMER BRI EER, WERIRGMIE T FALEMBHHAL . FEYREE. BRIRE
e 5 SO B AR S 5 2 AL RS TR AR I (R TR 808, R I S A e B8 R ok v v R R R R 2 G b ) 4
eRZE, R OCE AR, RIS G TEE R BN T (HZ BRI R i BRI S R R (U B R 2R
VIR RIER ik, BB & SH R MR B R B . SR E A R E R B9 % m B ok i
SRR, RO T JEER R TH 4% A SEAR EURE, BHE (9 1B I R AL AR R, AR TERY (10%) KKK AR 1 (6%)
A R (1%) 4% 3:2:1 HEAT I, H45 & XUEF- 575 L 2 HEATR AL, 72 DR 10 r/min JEFF 443 150 r/min.
TEE 75 CHIZATTS, WIS Sk A BRI AE /N 22 T 2%, ELAE U P 28 I LR 00 S 1) i FEE R0 12k o
SR AE 12 2 L AR 22 KKK 1 PR R IR B AR A7 AE s i R ASE A0 S F (R T e, EAS [ JsURIE 2 (R] Y
R RS E M B E— P IOTE . H BTG ER IR R SO A 2 R A TR — H R MR IGAE, (T e S5 R
BHES & iR R AN AR, X8 RRAT) 5 E i VR 7 1

3.2. FEMITRAREFTS SRR R

WEIN THAREAME GG @AIEARRE, ORI ER R R AR ik — . b A ot —
PRI 079, A B2 A RN AR 1) R 8 v T e IR A BT U0 0, REME R M TR 42 S R (A TR0V 45 4 A D RE RS
k. Farrokhi M Z8[ 10 RHGEARAEBAOK - TOKVEM E &8, AIERE R IF15% S KE, ®EZ 20T,
10 min) ', KRR PERIEIK ST BEAR, T e AR P b v, R s B 2 i it . X b 8 ek A
PRl 2 A YRR R 7 A ) o S b MUK R T R AL, 3890 17 23 B ELAR A e AL IR AEAL
BTN . SHOS S RCR BUR IR = S R, SOE TR R A R AL 2

FERACHA R B IS . K. AR VR S5 2 WU AR IR &5 10 B — A scon T2, dlid s (120°C
~150°C) i (3~5 MPa) 5 = BT U) 77 B B R K JEURH A 23 BIORC R 4 AR AORYE,  3 T fre fH v F) 22 A
A BSEIIE AL B AR E M SE R A SN, B[O R I IS R Tk PR 4% S Ak T 2%, I
WARZEEN . JORKEEAMEHROERLILE, SSERUTHESE, Hil& H AR SRR B LMEZRIDS
/NN T 2% BB e B TE K R B S A T 2%, AT RO R 1 A e T Ak R T 1) i €0 RS £ 1) [
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1 L S A (SEM) L ZUIE S, 1% s AT THT A1 TR B T 39 538088 () WX 2 5 ), XA B 17 HL B A A A R ARiomE
FERl[9]. AHZ L 200 JEURDRIAR S5 &) FE SR By, S [ IR I B 44 28 7 S/ o] RESK 72 i JO A0 ot B 320 s el
3.

AP BB ARAE S 5 0 0 53 — SR, ECSCE TE AR 0T i it o 7 TG 34 R o 3 46 11 )R R AR
YIFLAT T (0.26%), ThEITFARCR FIELF4E R 0.27%, BEFERK 0.26%)%F ToEk 5 D4 2 i 4 HEAT Ak
B, TS PHIEE A 41.61 mJ 3852 129.83 mJo HALHITE T, KBRS BT 7= A2 (G HLER AN AT AR 15 T 4]
pH 1H, (25 & R A I8 BRI G, AR A&, @K™ iR 28 . ZE0R
e BAAE T 2D SR M S A 5 B JE AR, (EUR B FE h A WL A B AN BT B S 80 MR s, S
7 i il O B A

IR =R ARTE F TR RIS S 8 RAE A T E IV R SO, B R AL E BRI A AR
A A T ) A 5 TR AR T R 4, B = B2 2R RIS IR s Aok F e “JeHum T
- BN - AEMIREE” MEZEARBAARR, MM KBRS, R @R - T34 - 5™~
st it O PR ORISR, 3 T B T T k5 SR L RS HE T S AR

3.3. BUERMARBRARSERFAEERAHE

TCER UL RS B S KD BT AR T, A% O TR 5 AR 1 PR 0 45 1) Sl R D AR AU, 3R v PR T K
A B R AT LERP S K O [FVE o SEOKIRAAE N ok BB ) “ S5 i 487 , ANEFDRIIAR
PRI B R ZE R D) RE. Pérez TR 5[ 12] RA LA TR I F B 48 3 (HPMC) HEZERT T e 4 4E i
JE 5 %o 0 6K R TR A 5 T AR 5, R A I HPMC RN 28 4.4 g/100 g B DT TE RO SEEER I 26, AT B AR
TS g, AHAFE R AL EE SRR E s VE4E T oo 4R 4RV N B S 28 13.2 g/100 g by B I RF /K K 1
S A, AR 2 DR e B W K 3 S S R R R s T 2 ok B D U] 2 SO T R AR R
AL R BB TEE, X5 58 )5 AR SE PR IR AR AT RN 36 R4 S R R AR FH A R 12] XL =
RIARE R R PE: HPMC 7 [ 10 A% 5 16 548 R ~1- 485 07 T R I AR, 3 2 i 5o 41 4 o =601 4]
SAPERRAL, B R 3 B A R AR I S s = I R AN R R B, Hosdsin
B 5 3E AR AT 7 90

R AR AR B T T AR TR £ T S — R . ANEDR RSB R AR A T KE A EA
(SPI). Wi 4> & F(PPI). £ KEEAE F(Zein). FLIH RS & (A(WPC) & &1 & FH(EWP)X LB UK T
IREIE o B FUR IR IN 12% 0K S8 2 S AV MR SR, 338 1A 450 SO R B IR 54, e 6 < 7L
% AN, /KPR SRR T8I B AR K W0 9% WPC T BEAKFE I L AL PEANEE e 14,
2 PRAOK TR EL AL, A 1 A1 3P B1] 0.82%, A3 TG 2K 5 1 (41328 B e 30 /N 22 1 (A1 ) S A e ks ML) B
SHEAMERGIKERASIAEE A% 2:1 WHIEE[14) 0T KIEV RN, HEBPE A RS TR
AR E AR DR 13]. BN A AL o B RIE AL B 22 1

WIS BAE RTT R, FrEh RIS R AR T . RIS IR T SR E - KKEARS
REBON TR Ak A s, S5 R BoR 8 SRE S IOKEB B RGN 1:0.5 B, B U N 25145
BN, SRR, HARK PR R AR F IR T 36.6%, FLALRRE YR IETE 31.7%. {HiZ Sl ik Rxt
TN B U R, iR S S BRI M 2% I, R A SRS CZE RN, JRE LR
Bctk 2 A enl, RANFEZERAARE 2P0 THEARMBCE A, T — R AR T WA 2 (145 R
JBAE S A [ 16 17E T AR TR B 0 BE 75 s K FLIE R (8%) LM (25%) A1 5 S5 (5%) — 70 B e fe i £
K4, HERRER, WAL S] 2.8 mL/g, FfEG/ Nk, XIARTFEE A MFIE. 25H
(10 12 i A R I ) P 8% S AR R R TRI (1600 DA 79 o 550 T A 2R S5 T VT 1 J ) e R PN 350 45 40 (R0 M i
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SIC kR E R A R IR S, ROR AT DUR 7T 2 70 RC A4 5068 G2k ot 1 141 (0 2 o F) e 2, 3 1T 44 5
TERRF T i JEOR ORI . AP 2 ICRRCAR R SN THORBRE 1], RERS 9 JEUREI N B0 S m ™ 4 152

el 1P

Table 1. Mechanisms of action and optimal addition levels of common additives in gluten-free baked goods

1. RHBERRERRANERISISHERNE

BRI HWRINR BRERINE FEERNH
— BRI 1%~5% Bk RFE, SEAAEREGESI[12] [16]
HPMC 2%~4.4% TE BRI S, JELRVERY EAN[12]

— KEFEEA 8%~12% PRI R (I N4, I SRR K [ 13]
KKK fRE A 6% ST A v, AR AT £5 44 (9]

EHYE A FIEWRAEE A 5%~9% PRI IR, PR T3P 13]

s PR T oo et 4t 5%~13.2% RmREEr e dE, o e R 12]
Y NI 10%~15% FRALTNREVERE fref 4k, o RIk[6]

4. MR RRIESIEERABE
4.1. THEER MR EE KRS EAEHLH

TERR I i 0 5T 5 R N BRI RIRE Y, R R Bk T 2 A0 W R K Y SR E SR o HAZ O AE T
LA R DI RE RS 18] RPN ERAL 2 TLA, B BRAME R 28 (K Shfg . Horb, SRR S B s i Bl R4
M) 2 MR ECEARZ —, HOMENLEI 2. 1) RREEIEIELHARE, NE AN KT
PR E A 2) B PUE ARV RIS AR 2 (R, TR IR - R F NS 3) P
M U BN EL AR M R A TS 0 AR R AR E I . WA R RSB 7 ]I ZRIR SO, ek Bt & rh Bk (i
JURKE RIMEE) S HAMEFEA . LEEODNERAAE N REXEGETE 2508 1%~5%M
8%~12%), LU P AT SRAG e i a5 el RO -

FETCER B G5 T R AR A L, DhREME T iR RIS R SR T H 8 TR M B A G R B . £
B - ZEYE SR RAETCIR it b FE L B R R i 70, AT CLsB AL TR PR REAE SR A i ARG EREE
(O PR A L1 24 Bz b A DI RE T I £ 2T 4k 5 22 By X A N SRR RDIN R b, BRI 2T 1777 it (R i
A SWRYFUSE, RS 5T o TR NERIEN, % 7 OFT R AR AR HiZE e
A IR TR — RV E A . RIS DR . 2P Bor, K2 Rz
() 2 By 0 Jo ] JeE e Tl S B 10 7 A ) e Ay S O S SR e b G A R e b, SR A A SRR E . T
BT B TE . Tauferova A S5 714K T T I Er 25 4R AN B HOBynS Jo ko i 608 FR R PR R M, BRI
BN 9% FRFF I R R B I R R IR, H 2@ BAMPUAALRE T B R m . X LEPISRE IR R 1
EFHREIE, TS AR R 1 24 B B2 200 SE A PR DT SRR 7 i, O EE S 2 A 45 b I LA PR 0 [RD A 425
T SRR A3 R 28 8 T L 27 i PR IR SR 5 SRR P A TR DAL, L5230 B 2 DA 8015 o A R AR P PR 1
RRPEEFAARASS, K2 uE R, DLRTH iR R I A v .

4.2. EYEBRARLFSHEHFIRA

VIR s O R ARG, R R BRI AN T PEBR AR, A TR 1 5
SR AN H 2812 . Pashaei M 5[ 18] RGELRA 1 BEAE AR UGS B dh H MR S EIRER, Bt 7 A
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RIS A DB AE L. AT 780 RN Iy S5 200 MO 5% B e g ] BRIt 2 0, AT PR A R,
INTAERE; AR PSR B A5, SRR MR LA T DA Y /AR L BE VR T YA
WAL, SEZ2E AL . JTEERTTURE—PUESE, BelE T DO AR S BT KK AR 5 AR, RETTT B0 e
BRI B B KR R 2L R, JC L AT e B A B R T R MR I A A, R T R A UR UG

WY B 745 5E R B BOR KT A, BE— P I e T BB AR JE Ak BT SIS NI 5. B, 8 DK AR AR
1l P S S PR D) R R 1 KV DX, AR ) B AR K PR R R A i R, B
FEB R A R P A E VIR T 31.7% [18]. Fe A &Ml N vl £ K2 8 Ak Rl b R E
Ji T Z A AZ IR, READLER BT ) P 2 A R g, A LB BB L3R T 40% /e, AR — BRG] T-Jo gk
JiER B A T

4.3. G REEBLFE %

BRAEDD S A ETTIESL, MBI b B O AR i R SO E SR AL T SR A AR . AR L A
FERE RN 51 RS 12T 45 0 B HERT S P 5 . U AR B (20~40 kHz) B AN, 7E S A Y
W 1) 77 A 4] T i 78 T (B i T 3A 5000 K 100 MPa), DL K BT BI85 i 1RV B 1) 1 ] DAARE e 3 ks 262 T T ik
(e, BESE K T R LU R AR, ART T Ve ks 5 8 AR (R R T AR, Bk e T 3 AR PSR EE[10]
Farrokhi M Z8[ 101870 K3, 7E 20°C F XK - FOKTER E AR5 AL 2 10 min 5, ATEE A8 0k
WCRE A AR AL FRAL SR T 25%, HLEBEASTFAMERRETE 30%. HAUHITET, A8 B A FERR T ek Bk i 5 (X
GER, SRR I 2 R B A B B R, ISR T 41 (Rl AH LA .

4.4. THEELIT RIS LR

TE A B R I SE A b, B B AT REME 2y, AT T RS SR A R R 2 AL, SEEL “ ThE
" o WETCERR AR 5%~10%0%5%, REReMese T HIE |44 & &, Wl ha e
AT RO, R U RT B A R A7) (H SN R (>10%) 2 5 807 i T e,
RRFS, HAR MR TCIEIE D) Z iR s o M2 2 19(0.2%) 5 4E4E 3 E (0.1%)E G, wdEid i H
PUEAAER, ECAELE ok TR RS & i IR L PR, B SR BRI 15 RAEK 2 30 K[19]. A ZE A
R G i BRI EAE,  H2R 28 10 Rk o] Bt S 80 WG DPERRR. SO TRIE R, X2 B
ARSI EAE A . A, AR RV E S IR L, R TE R D e B R A
Bz —. XIARROMEW, FEERNEEFRLETAAY, HEARPLTFRERDE, HES2HE, 2
B2 VFEENEIEYI, R NThRE R T & i e k), s A, I8 G IR, NI
R 19) S A AR B 58 B 75 SR N I D e 1t 0 &5 0T & i R BEAR b 2 — o (HRE BRI AR
WO, RS T R A, B R RO TR B R B . WO IR A, %
(R AL R FH 52 PR
5. REMBHEISEUEARHKR
5.1. XX BRRAES EXIEGFR

FRIR A2 S35 Y 24 B JCHR R 2 28 4 1) B A AZ O Bk, B R IR B3R (>20 mg/kg) th 2 LLiF R AL
JEVE B3 WG RAEAR . Zandonadi P R £8[22]48HH, TLERIEMAEA. L. SR fAa fE s E nf
RESZ BN SRR A5, R TIAAEF LB T, W& R &R G JR. K%
R ) A 2 R 0, SRR RS AR AT Re RN . K2 AR VR R A b P AR R TR A AR
MR, SEHGHEKTEA. SHER, —A 502 E L RSRMRI B 25 R,
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ISR B SRR, IR T B SR A R R [22].

NN KR, T ST A 2 1A ST B i R R TE . A R A N R R PR B AR R 2 R
FERS BT AR T, Wk B TR B AR FOUK + 4678 ) il A Z0B R & a2 B b B sk s ERER I E
AR AR A o B, BESRILER LR I B B A A IR (2 < 20 mg/kg): MUEM T A REUL
R DB 5 B Rk T B it [ ) TR o 5 AN T8 S — 5 B4 (3] IR IXHRBEHOR,  SEIAAAR FH 2148 5 1) 4 A
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