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Abstract (-Glucan is distributed widely in cereal crops, such as oats, barley, and wheat. It is a linear
polysaccharide of B-D-glucopyranosyl residues with 3-(1—4) and B-(1—3) linkages, and provides significant
health benefits and affects barley processing. Hull-less barley, namely naked barley, is a major crop with rich
national characteristics on the Qinghai-Xizang plateau. This review focused on the molecular structure, content,
and molecular mechanisms of §-glucan biosynthesis from barley grains, as well as the physiological functions,
the physical and chemical properties, and the interaction between processing and -glucan. It was found
that the research on barley S-glucan has increased greatly in recent years, and some key genes affecting the
content of barley 8-glucan have been found; the modification can change the structure and physicochemical
properties of B-glucan and enrich its functions, and B-glucan has a significant effect on the processing of
barley, at the same time, the structure and physicochemical properties of B-glucan were changed significantly
by different processing methods. However, these studies were not systematic and fragmented. In the future, it
should be strengthened the study of extraction methods of barley 8-glucan to improve the extraction efficiency
and the preservation of structural integrity. The molecular mechanism of different 8-glucan content and structure
among barley cultivars should be strengthened to support the target breeding. The effects of 8-glucan on barley
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processing and its changes during the processing should be thoroughly studied to promote a better use of

cereal 3-glucan.

Keywords f-glucan; barley; hull-less barley; physicochemical property; physiological function; processing
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Table 1 Ratio of DP3:DP4 and the molecular weight of 8-glucan in
different cereals

BWHE  Dpappa HTE  BEH
Type of grain : Molecular weight (M/10°) References
FHE Hulless barley 2.74-4.00 126-3100 [21-23]
55 HE Waxy 3.02 3100 [22, 24]
#ezz Oat 2.10-2.40 2000-3000 [22, 25]
/N3 Wheat 3.00-4.50 209-487 [12, 22, 26]
% Rye 3.00-3.20 21-1100 [12, 27]
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Table 2 B-glucan content in different grains

B B-HI T T &= Z: IR

Cereal grain B-glucan (r/%) References
K7 Barley 2.00-17.00 [21, 35-37]
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M/NFE Triticale 0.30-1.20 [26]
23 Rye 1.00-2.90 [26]
=3 Sorghum 1.00 [39]
F&K Rice 0.60 [39]
£ K Corn 0.10 [39]
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T2 B J7 3 (UL BRI AL 3 P T 5% 45 0 BT
SR B 0 A R T R T, AT R B TR 7E £ B
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Table 3 Extraction methods of B-glucan of hulless barley
U5 % PRI R s R 2% R
Extraction method Extraction proces Advantage Disadvantage Reference
LRI T 1 — BOK SR B — B AL B — 2, [ T FRIUIN (] VA 7R R, 4l 2R A=)
HOKRIR TS5 B0 — WS T — 2 G e PRS- AN WEPEAR, HIER &M 5 — R [125
AR Ethanol soaking and drying—hot water Mild extraction Long extraction time, a large amount ,
Hot water . o . : L 128-129]
. extraction—enzyme treatment— ethanol conditions of solvert, low purity and bioactivity,
extraction L . . X . .
precipitation and centrifugation—washing and and easily co-extracted with
drying—graded alcohol precipitation starch polymers
ST TRAL B — G R & — B F— B0 s [ US—
RACT e e i e 1 S
T RE Ethanol pretreatment—alkali mixture— ?‘fﬂj\z'ﬁ’ ) *“EXIEE*MEE’ PRI .
) . . . . . High extraction rate Low purity of extraction and easily [130-133]
Alkali extraction enzymatic hydrolysis— centrifugation and )
S ; formed pectin
recovery—precipitation and collection—
purification
y So [N BT 22 4 R ab) A e 4ie
" Z BB H Qi AL B o B oG B B LUK BRI LG IR BUUR, 1L L2
ity $72: o St P s AR TR DB, BERMEZ R, SRR
' AbF— F IR B0 — L BEDTTE— 250 5 1 : . P
Enzymatic : ’ . Safe extraction process, The selection and combination of
) Refluxing ethanol—a-amylase— centrifugatio . . . [132, 134]
extraction X . . high extraction rate, enzymes affect the extraction, the
n—protease— centrifugation again—ethanol . .
L . h . purity, and molecular  technology is not well-done and need
precipitation— centrifugation and drying ) L
weight several enzymes, and the cost is high
JERHb B — 2 b B — B O — I WpHE - UTvE  SRBGE FEAR IR, $2H
R ST EME o PRI S AL BEAG, 70 B [135]
VRIS . Material handling—acid treatment— Relatively mild Low purity of the extracted product and
Acid extraction . . . - . o )
centrifugation—pH adjustment—precipitation extraction process and more difficult separation
and washing—drying and collection high extraction rate
P — BV AE J5 BT 7K v — 7 i Ak B 4
RE-EL->ERERSERAR->HL->LE
o Ve 5T £ 1o s
7 B H L Milling—suspension in deionized %E.EX)&X'EJ ; o TR
Ultrasound- : High extraction X [136]
. . water—ultrasonic treatment—temperature c o Low molecular weight
assisted extraction X . L efficiency
ontrol— centrifugation—decontamination of
starch and protein— centrifugation—ethanol
precipitation and freeze-drying
BRI EEE T RP S BOR AR o n o e e v s 1o o
s OV e Ly R RO AE
ERREH T H B LR S e R
TR B AR Y Milling—suspension in deionized I i AT A5 B0 70 A BBV B o3 13 0% B R
. B ; High extraction L .
Microwave- water—microwave processing—temperature > Probably resulting in loss or destruction  [135-137]
. . . ] o efficiency and less L
assisted extraction control— centrifugation—decontamination of . of some heat-sensitive components
; . . consumption of
starch and protein— centrifugation—ethanol )
L : extraction solvent
precipitation and freeze-drying
B — 0% £ 2R B K — BB R A b 22—
AL FE— B0 — KRR S E - B0 SEIICR R, 9 TR
AR R > CEUUE 5T w5, PEARREFEAIRAT LA
Microwave- Milling—suspension in deionized water— High extraction Bl 2
assisted ultrasonic microwave heating pretreatment—ultrasonic efficiency and the - . [135]
) ) . Complex operation
extraction treatment—temperature control—centrif molecular weight, less
ugation—decontamination of starch and energy consumption
protein— centrifugation— ethanol and cost
precipitation and freeze-drying
TR B O IR TE SR L JEUIRHE 2% — V8 AR G — e i AL B — B0 —
J5 ik Wi gk 5 4iify PR PRI Z IR, — 8 P2 WA G5 4
High-speed Material preparation—solvent mixing— High extraction Limited purity of extraction product and [127]
centrifugal-vortex vortex treatment—high speed efficiency some damage to its structure
extraction centrifugation— collection and purification

AU N N R B TR AL S v R g M
10 4 B s i), T o 5 R A Oy At R R T ) R A, R I
HER R AL T AT AR A B RO B R, i R
AR, B I A AR N0.2%35 51.0%, B- K b
(148 % FH 35% 1 I E 70%, (AL TR B EM#%2.0 x 10°. Ik
Gb, EAAE I G B- R R E TR, KGR IEE
4.45 glg, (A3 454 A8 JI1E0.6%id AL A AL N MA8.29 g/git
£9.42 g/g; TEAN[A] iR E) b 3 S 4 RE K 22 B~ 3R B 11 4 T
B FERGE s E T AR R E M

3 A0 R AL ) B AR 2 0 o T R A S v T 1 IR K
PEJT VAT B G 3R, (B G ROA B S Ye, 0 T4/ T &

S 4y TR R R T B O R AR PR IR BR R ok
2. Kivel A% HF 78 £ W, 160.6% M) K22 8- AW b im A
0.01 mol/Lf¥H: R 2110 mol/LIHi IR (4EE £ CR A
PUORIMER) J&7, K32 B 5 Wl 1) 76 L 266 15 PR AR £050%, 43 T 5
M52 x 10* g/moll%AIK 2235 x 10° g/mol, T B {5 2k Ak 3 %ot
HoBAT R . Ames K S A BRI R 1 S R AR I E K
Fofrh, HB-HRBEN 4 T RANG S B HHA-E
BHEL =B -MENE (SO,-Pyn) Mtk J5, 3585 B-7 SR B 7K
TEVERE N, MBSy TR, R B TP A
VA B i g 35 4 T S £ T 3BIOR R B R EE (011, 0.23.

0.38) [ FEB-HI K WE, SRR ABIG G, VA 1L Y45 B 1
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N, 22 W IR A B U1 2R (0.1-100 S (38 N PR A 5
ARALHE (17 R B-H AR LL, T EEHUR BT E A RS i i
i e L R M AN AN B T B TR [ 0 AR T A A
W, RTFRFTR B A2 AR AL T AT R, H o R T A
FEAE— Se EIVE R BEE M, DR AR A AT 5 AT A I e 4
PEFNA R VA,

FEFR PR S I F v, SRR IE ] G RAR S
WP B B LT SR AW 2> 785 b, R WAL S B SE B, B
o L IhRE, WVAMR L S HOME SR B TR B 1 R R Ak
i A 2 BRAE 2-TH BE VA TR B K (pH > 12) k4T, F2 A 564L
{13 1 A7 45 7T LA SE C-2. C-4 M1 C-6% J5 7, HUAC B AT bl i
B AN S R ORI LE k2], B U EE R 5 n, 8-
1 TR I\ M 5 A g B e 5 g TR A AL 45 A TS e,
GuUOFFTIF 78 32 B F& FF JE Ak ik 3o 75 R B~ SRBE IR VS A L
B3 B BE IR LE 43 F e AR LG BE 3 3B s, ootk Js A
A5 T 7o 0 0 U T A R A A s 4 T
5.2 =

8- 1 SRl A 0 e S e e A ) B R ke AR L 5 M AN T g
REPE. FE R b, BELE OO 20 00 D Bl R O T RS A O
VEF, 5 BBl B T 2R L B0 SC AN e Ak B~ 58 i 1 £ FH
FB-HI T, BEPEAR ST T, [ B B~ SR A SRt Tk > K
Z2 RN T SRR B EE SRR I A e I AR b B S B R AE &
S B % Roubroeks s il il Hh A il (B-(1- > 4)-D-Hi K pi4-
SR RE AR AT 0of 2 o 4 B8 W HEAT B0 R 2R, T DA
43 ¥ ERURE 1 2 BE 43 76 2 200-213 900 g/molf17-316 mL/g
ZARVRAN , A 45 A B e P B AR O TG e A A ) MR R
RS A S R SR A 0 B TR T AR T S AE £
THR TR RS, X L8 AR (A B I B-HI R E R 25, fr i 55
AU LA T R L P IR

6 MIMNKXEZ/BRL-ARIENF

61 & F

AR BOK ZEAE K S AR T B- S & A T R
AR, LR SN R T AT AR A DLV AR N 4
B KE R F B RS =S N, FRBaAE
RAFMAR M BRI, E R ZF AT, B 5 B & & Pk
kD, KR SRR MR S g 0T KV I B TR S B
REHI12 iy 20 R {K, TFE26.6%, 7E12-24 h TR S8

(P& R 2NT.55%) , 24-48 W PRI, 144 hjg, /K
T B B WE AT O hIAAIS 1780.06% 2. 832 2 T i #2
B-HITEME Ay T B AT AR, MRFEBIFE2F, BB R &
AR EGIESE, 2 x 10° g/molbL T 5 & & 23 B, 2
x 10° g/molfi14 x 10° g/mol [l {5 & W e 2y Busi b s KT
4 x 10° g/mol 11 B-H T il -F 215 14%-16% 1E K 2t FE b 5
ﬁ’f’t“sa].

6.2 % %

R ARV B-H R PEM S oy T 5. Xiao%E K
PR 22 R S B~ SR B 43 113 x 10°F% %6.35 x 107,
R I B~ 5% A R0 BOWE 45 # AR IR 5 A8 S ok, B-(1—3):
B-(1—4) ML TERE /y1:1.98-1:2.50%1:1.80-1:3.24, Xta-it
AT o~ 7 A EF I R R T T ) 0 A P LR AE R T SR AR R
Stof JIEL I T 1) O B 220 A T e U5, Zhang 25 0 A R Wk 2 4ol
YA (L. plantarum dy-1) K B v Ad k22 B-# A 70 1
H7E0-24 hN111.05 x 10°0424.97 x 10* '), KEp 4 Kk

B B O RE K5 75 R Bk PR G S MR RS BT R R 3 . b
A, K22 B FERE B FE KR Feath PE g B B0, 6% IR FER K
7 B-H TENE AR B AT B i, SRR TS, KR RLAS R
AN 1147 B~ 71 5 W A R I 3 e R B AR R PEAS I, WA 2 (M BT
% A LU VS 7L 401 R 1Y) B -1 SR A A i TR 3, X M R S5 % AT
B~ S O 45 MRS TR B8 5 20 4k HAh 2 B 5 A RS AN R
K.
6.3 RE. tRH|

ANFL 08 BB | A 1) 7 RN B 2 5 i K 2 v B SR R 1
B TR AR Sullivansh: 28 1Y B 5 0 Kk 22k B- 4
T A B R, KSR 25 5 K 2 i L B- 1
FHES B 93.09 /100 gfi3.49 g/100 g "7, Ligs it %
B, FHVR R B S FOR R 2 (B-15R A2 %R . B-258
TR . B-3% = B Ak H . B-4dk U I Bk X FIB-58 A
B [ 8- T HE & BRI AR P AR B 2 R B-4
o B-FT S WA e (4.40%) , B-1%k 7 G- S8 b 2 b B A1k
(1.01%) ; B-5[11B-# R W /> T B H = (6.48 x 10° g/mol) ,
B-1(11B-4 Bt 4 T8 HHIK (5.87 x 10" g/mol) . B-5[¥1B-% %
WE B I (0.04-0.37 Pas) , B-11B-%1 B Bk s ME 48 3R
1 (50.43%-90.71%) , B-5HB-% 5 Wiy vk feoe A1 AL Ak 1k
RERC LT, (H 2 WLRE FTHLES, TB-1 B-7 S8 RE 10 & WL BE F7 80 7.
2% S5 7T 3 W B A T R 10 R B RS I, B TR M 11
SEWMEETE, H1.54%M%E4.72% 0. tih, NREER T
O BT G- R A A . R LRI
W5 T VA BT SR B A BRI N T 16%, 4K BE BRI T VA I
B-HH B & BN T29.50% "V, MHEHLEH K, @it
B B -0 B B ) T RRRY W R N [ TR 1) B4 SRR 1)
8, SR RS H T B RN R T A 40T B 43 BN | S B
PN G
6.4 HALIE

PR ER T 1 R AR A B L BRI AL L
AR PR, AN R AR AL 3 X B SR W 7 A AN R (R R MOV &5 44
KT, RS 5« B RO G A5 b o A R EROIR R SR ) R
SR/INEIH L R R 4 ARG YL IR Vi W 4% 4 4, AT AR AL T 75 R
B NEN 7> T B L2 0 HUFR 2, 5 BIPEAK T 3.68%-90.35%
F126.45%-39.83%; ML FE5FIRE, #Ab BT B B-H R HE 1
A RN B T B AT Y, (E S oA B R ) 3 B B s
UEAh, A B T 8- 5 1 A RA S M A A S E T, K
EMATIE)G, B-H B & B EEW N, KEB-H BN T
Jo Bt P S8 i (0, e e i R e, T AL R ) B R KO S
BRAR T KZ147%-48% "%, K32 55k 25 2 0 i e by A B ¢
BRIy T4 P e K BN 1, S BUKIE MR B
B I ot BT SR M 5 T R B2 W A7 AE 4, SchlormannZsil
ik 6F K F2 B R 0 BT ROy T b A
A I I AR LA R T B SR S L, SR AL A
EL 18 1 35 311497 % 00, ST ik 4 S5 kb FE 7 100 - R R
BRI, 8 75 BEE 25 AT 70 R WA L2 WL A R0 AR

7 RZIFRB-FARVEN I LAY

71 REZIBRL-ARFERMIEM I T RERIF M
B~ 1 FEME o8 W K I Ak 1 52 e 5 R B R T K K
TER AT 5%, K ZE BT JE M mT LASE /N2 e o RO AL R 5
B FE F6 5, BRARIR B AT v dia B, BEAE K5 B-H1 SR B K FE 1) 4
TIN5 /NS ERY RV IR 0+ VAR JRE R R L L U g e
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SymonsflIBrennan(f#F 7T £ W, E/NEH AN 2.5%A1
5.0%1 K 22 B-H T, HAIL S 38 % T, Clearyfi
Brennenik v, W14 B9 FEAK 2 BT K 22 B-% 2% 0k 8% 10 e
W UKL JE B T LR 5 K, 14 T e R ) R i O
Sharma2§ &k HLTE 4 4 IIA1.50%. 3% H14.50%11) K B-
R B2 5 SO AL G (E S RN I & B SO R R 4 B-E R
A FE 3% 38 0 £ 4.50%HF, H1k ih 28 e W A 47, 5
TR B8] SR W 1 8 0 %o 5 R H PR A A 2 S M AR K, 17 EL X
(A= R s GRS Ay Sy E S i 0p- A IR NI - A= F 8/
W3 DR A 205 52 I VS N 114 B- 5] SR R AR 48 im v 5 3 R B, (H
AN A U R A R P 5 B SR W TR IRt G 7 B T AL 3
JEE 1R 5 1) 55 60 4 7 RR A R R A — B, (R IR R AR R T
R ALV R B, S5 2 SO U R TR R A i 2
7.2 REBRB-AREXES MM ITAIF M

45 W B~ SR W W K P B, AT S M T ] 118 W 7K e R K s
(), ) 35 01 7 o ) 7RV e R £ R R 11 7 1, B T A o A
SRR R R AR X Ie T AR I B A R U AR 4K
T BR S L /NG R 102, P2 A e 2 T A Ve R R PP M
NI 77 AL A (1 48 i Tk 45 407 Skendi%E %3 10.20% LA |
K 2 B 58 W 2 128 3 4 R THI [ R T 1) (8], EL 1D 41 78 14
A5 VN I 22 R 7KE TR 3G 0T KR R %5 N0.60% (1) 8- 5 B mf
DLSE 0 LR R b, 2 B-71 SR A I i — 2D B s B, T
AL AR AR B4 R U7, 5 R B T B R v /0N 2 T I £ R
TKBE 77, T (1) 52 B A A Bt o B- 1 SR 0 7T (0 v T ik 3 %
/s TEAR 0 2 /N 220 HRoin N B8] SR A LU im 21412 J5i ThD 6 TR0
A e A S PR AR T B A A R VPSR, N —
0 B B-F SR A R T4 = RO 0O, AEAR N
THURY A s in st 2 1) 7 B B4 SR 0, 2 ) 55 T A1 P i 5, 3 B F
T UBCKRE "™, DRI, B-7H1 SR W 1 728 o e 7 AR LA ) R
H br HEAT R o 4 .
7.3 KE/ERB-AREXTERIE M REAYSZ N

T RRERP sk FE B~ SN X Ry 1) L S B AT AE 4% B
0 1) S g Ko S ) R s L A T 4 ) A SR O
TEVE M HINN B-71 2R b 2= R AR K22 I 1 o i e, {FUAR [R) A
J5£ B~ SR A 0 A 0T A T AR U K B L ) 3 9 R S
N TR SR G R PR AR B AR SRS, AT S A A Ak Ak = ep
Jifs B YR e Y B ZE A /b, i R E . Rk, Ligs R B
B~ SR W e e A7 T R A R R B M R R R
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