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Effects of Carboxymethyl and Emulsive Artemisia sphaerocephala
Krasch Gum on Gluten Reinforcement of Wheat Flour

WEI Xiaoyi, SI Xiaojing, CUI Linlin, ZHANG Luyao, HAN Mei, HE Jianjie, SU Tingting

(Department of Food Science, College of Hospitality Management, Shanghai Business School, Shanghai 200235, China)

Abstract: Artemisia sphaerocephala Krasch gum (ASKG) can be carboxymethylated and greasy-based emulsified to

improve its water solubility and emulsifying property, while the effect of modified ASKG on wheat flour processing as a

gluten enhancer remains largely unknown. In this study, we investigated the gluten-increasing effect of ASKG in the

formation of wheat flour dough and the production of greasy dough through its carboxymethylation and emulsification

modification. The results showed that the carboxymethylation could reduce the optimum addition amount of ASKG from
1.0% to 0.4% in wheat flour. Carboxymethyl ASKG (C-ASKG) increased the wet gluten content, gluten index, water
absorption, dough development time, dough stability time, and reduced the weakening degree. However, C-ASKG did not
show better reinforcement in greasy dough than ASKG. In comparison, ASKG emulsified (E-ASKG) by wheat germ oil and
palm stearin fat was shown to be more suitable for greasy dough modulation. The addition of 1.0% of ASKG and 5% of oil
or fat in flour by emulsification manner reduced the difference between the oil and fat during the formation of gluten and

improve the evaluation indexes of dough texture. This study demonstrated that carboxymethylation could reduce the dosage

of ASKG used in wheat flour as a gluten enhancer, while emulsive ASKG was suitable for the gluten reinforcement of
water-oiled dough.

Key words: Artemisia sphaerocephala Krasch gum; wheat flour; carboxymethylation; emulsification; gluten reinforcement;

wheat germ oil; palm stearin
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HA B 30~50 £, (H K2, HEL
AEALSS . ASKG RGN T/NEHy, NTE/K 247
BRI KK I BOIR S HLANIS i, T 1T PR 245 b R 21 fie
AR EIVE S . 2P BT BAT B 5m RG 45 285 R
TIRNEF YA 2 A, b e 8 o T g A
IREEHYSZ SE M TS, AT DAL S SER JURE, S5
T WV R iR T A AP, AT B i fERAf /N A Ay
T AR TS B T AT S S s DT {H il T ASKG
TRV 2E T HAD H WL RS, 3O AR A ThI A Y
L5 IR, T A B R R . Ak, ASKG HRiinait
17, 2 (T TAT A1F3 1O 285 1] 1) SEIBEAE B DR vy DT SR e T
J R A SE A, 5 T I E A a4 K 1, B I
T2 BT Y, F5E 1S, Anifa Bl ASKG #s
Joniek LA g6 T A SR A AR s R

T 2 T AT ) Y R R IEORE, Sl S A R
SR Tsiv N S B o T 2 @ N A1 R S = 9
Do IMPB RIS K SNt UL 2 S T A AR, [
BNE CUNAFARAE NS ) PRSI (A N2 IR 23 nh) B 2 i
RTINS, HLAEOIR | R R IR AR 28550 A 7 1 A1
rh, 2 6 DR RO R I RO, X ASIR A 2 B/ N2
Ay T AT B S ORGSR S . SR, ASKG X
ZRKIMTAT AT A CR BOAR ST S 550

ASKG F5RIR Z i BA B R4S i s 71,
Al SRR FULARE . U EN  AE RE AR R
FEN SRR, I TEHAE R AL . B2y | BT BR
A AR . ASKG 5 HAMBAR K 25+
SEC I TN SE AT TR T R R R . AT
WFFEFR, il it NaOH G FIS L BRI, W] A2 il
¥ By E K (carboxymethyl Artemisia sphaerocep-
hala Krasch gum, C-ASKG), /K% PE1S B & 47 1 32
o ASKG Siifigimad w2 st wl il 2L
B2 (emulsive Artemisia sphaerocephala Krasch gum,
E-ASKG), iZzFURUME w7 th A8 TPl e a9 R 410
A P, (EIE A ERR e PE— A, 365 T RIS il 25 o
10 AR F B FFLAL AT ARAS 250 ASKG, AT i 7K
T DA R FLARTE, (HHXT T/ INAS Ry BB AR, 4]
P A s I v I i B R SR ) e % S SUAK FS1= 1

FH b, AR ST R R TR A Vb I /N A M3 T
EIMTATAY N TN GE = 3 OIS o S A5 G R N ET N e
FpIE] L S50 RE S5y BURMAE I SE IR, I AT HAE TR TGS
TN ZER PRI, E— %K ASKG H/NEIRZF
THRIVES AR G i TP Ay B 9 LA TE /N2 83 v i (e

P, O TR N R I AR S PR LA

B FERSARTE
1 MRI5EE%
1.1 #R5ES

TR D KA BR ST w5 IR
Ay BBREREBA 2w U AR S b 98%,
BAR) LA A IRHCAT BRAY s /N IR 2
(IR = 55%) I AESFAEYIINAT FR 2 75 A i

g U 25 % 52 °C, KA MAERY) <0.07%)  Kifzs
HAH TOEARA 7 AR #LEE, NaOH, & 412 .
VKSR . AmikdyE 2SRRI BRAF .
2200 BRI PEE AR (D) A R
3] GM2015 BB Pl EERl A3 (bR
HBRAE; HZF-150 BRI Fe8=Aqe; 5425 &
&L fEE Eppendorf; MX-S R R IR TH 4%
K E Scilogex; HG-6D BIVRHITR A I HT;
HHWO-50L BUIER/K G  BfE{4s; GL-16 &
HEREOHL RS 81-2 BB fE IR P14

I E RALES; 101-3BS BUEIR 448 IER
73 A25-Digital =5 55 VI ZLAL - HOHL b 9 KKl

Apreo Y SEM i T W5  FEB K TA-XT2i
HURAAAY  B<[E Stable Micro System 23] .

1.2 T E

1.2.1 PRG540

1.2.1.1 C-ASKG fill#d =75 3CHik [15] 09777, FREL
40.0 g( AT HH58) s e, inA 75% £ 1 L,
Aol s e - 2 B b, A 9.0 g NaOH, 35 C
TORWHBERE 1.5 he BlfL WV EE SR, Bk IR THE
% 60 °C, IILA 7.0 g NaOH Fll 6.0 g &AL, {74 60 °C
Pl 3 he EEfb I B4 o m, WA Bk, il
IIAVKEERRYENT pH 2 7, 437 M EAr =49+ F 0K 2,
BRI, FHUE, Ko=) B TR T 9, 76 80~90 C
TR A S RS ARy, BNAS S e i R 3D
1.2.1.2 E-ASKG ffiks S04 GEK [16],HL 100 mL
B, A 1.0 g YWHE RS 44.0 g ZEMRK, S TR
VRS FIRG TR, FEororile S ilinA/NEZ M2
T AFHERERRSE 5.0 g, @8y UIFLALST YL 20000 r/min
FLAE 3 min, AT TAVAASER LA e R R f w5, 3RS VD
LR, BRECELH o

1.2.1.3 FiHis/NZ2mnhles SEEflR T 3%~
6% M—ABES IR, e E FH AR N2
R ZE T AN [ A NS ARG I, HE /N2 Ry vh 4y Sl asn
5% B4 BT 58 I A Tk H R T RN LN 22 R
1: 1 (viw)IRA, FEHM 05T JE s 23 b 45 B 251
RIS, PR TS DO TR IS i 80 H G, il
B EIMAE/ NS, 153 ASKG il C-ASKG #WiNE
PR HE AT o

1.2.1.4 /NEBFI ASKG FEAR ST IME 435
8 GB5009.3-2016.GB 5009.5-2016 . GB 5009.6-2016
ME ASKG FI/NEZM R agR S FEE R . JEi &,
Z: 08 GB/T 5009.4-2016 i ASKG K>, =
& GB 5009.9-2016 MRE /N8 HH ITERY & & o
1.2.1.5 ASKG Fll C-ASKG 7K A& 1 il 5
AR EE Y S I E, b ASKG ¥ H S bR 7k
EPEPE SRR . FREL ASKG F C-ASKG RE5H, fITA
FEBK LY, 0.4% ¥, 30 °C % S m#dFE 30 min,
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HE S 3000 r/min 2504355 30 min, ¥ERNE WK
EFR LT EEE, T AXTFE RN EY)

IKAED &8 (%) =

MM 100

X m, — AR IR A, g5 m, — PRI B A,
gsm,— LT EEEE, g.
1.2.2 C-ASKG X /IN22 ¥y Fl & i g /N 22 4 i 1)
A
1.2.2.1 A EMEHIEEONE A 100 g /NZ
K A B AR /N B R AR SN A 0%, 0.2%. 0.4%.
0.6%. 0.8%. 1.0%. 1.2%. 1.4% ) C-ASKG(LL/N
BrEETH), IRA, LARESIINES I ASKG A Xt
b PREXASALFRZH /NZ MY 10.00+0.01 g TR THI T &
TR EFZ IR GB/T 5506-2008 #HAT, T AGFEE
SEFEIE LS/T6102-1995 #H47.
1.2.2.2 WgrK3E  JE AT E] | F2UE B ] 55405 il
EORIE 1.2.2.1 455, C-ASKG ARl A F& g/
Z2H, BN 2 ARSI 254 /Ny, S
% AACCS54—A40A % FA5 A 2 1T AR o3 4Re 1k
{HiH 50 g MR, MEFRFREX 50 g S7KEAHY T 14%
P/ INZERRE S, 3SR 0.4% Y C-ASKG. 1.0% A9
ASKG, JH-PLATCEHIMZS FAFT 0.4% 19 ASKG X Lk,
INATERERS, PRE 5250 /K IR TS G # 2 0.01 g
5 0.01 mL, $REF/KIEFEIEAE 30+£0.2 °C, 4R
I, AES H 315 2R 2 B3, 10 SRAH N e =
B, AT B AEBS IS A T oK ZR | JE R Ta] | FR
REWTE], 550
1.2.3 HPERIERS BREUS N B el Sl AE /N By
(LI/NZR R T1)200 g, ARYE 1.2.2.1 RIS A RfESS
&, A 0.4%. 1.0% i C-ASKG. ASKG, &N
100 g ZEWRK . LI/NEB SZ81R/K N 211 YT Lk
PEAFRITE A, 3B ot At S hilfE

1.2.4 %0 E-ASKG Wi A ] FREXL 200 g /N3¢

By, A 100 g AN[E] E-ASKG FLAL#HE (& 2 g ASKG,

10 g 1R, 88 g ZEIFA/K), TN 12 g Z=IMIK, Bl
ASKG BN 1%, g 5% (LA /N2 By ot
HEP), RS ST R S

1.2.5 HEAWBAUSGT SH O AR TIERY, R
FH TS AG A R 1 A A FE R, AR Sk i B A/KIE,
M3 B 1.5 mm/s; HAREEES 10.0 mm; 73 IR B
2 WK BUHERAEAR 10 ¥K/s; IR B E 0.5 mm/s; fit
%7150¢g.

1.2.6 @3LpyHIfE #1231 1.2.4 J7 P H 6 m
H1, A 1% by, FHANHALAIE 10 min, 7E3E)E
30 °C, FHXHRBEE 70 % MBRAEFA A% 30 min, BUH A
BT A VIR 70 g, TF T RERR AR Sk IR R 5 4R 2 1 A&
20 min, LA ZKES N, KBS 3T B ZE 8] 20 min, B
HPE ST 30 min £,

1.2.7 18300 SEM 4387 K18 AR S DI i v
VR, B IR SO 4 )5, LI BT SEM itk
600x/5000> BAGH ff — 4P L5 25 F8120
1.3 #IEIE

%1 SPSS 18.0 H1f# Duncan’s BEATEIE 2% 5
PESHT, P<0.05 T ez . 45 RUSEEEPR
RN,
2 GFBR59Hh
2.1 FERSHI SR
2.1.1 /RN ASKG AL /N2 ASKG
FIEAR 22l AN R 1 s, /NEE AR & i
i TF AT AR A DG4 IR 22, ASK G RV K= 4l . A
SR A B A T] 4 3 4 Bk A b i 481 0%, e ASKG
PR Tt B sl S i AR LA AR S5 -

1 NERF ASKG RYFEAR RIS

Table 1 The basic components of wheat flour and ASKG
WA GBIHEY%) Ko EHR 50 FER RS

INEER 13.87+0.02 10.27+0.03 1.61+0.06 72.11+0.36(3E¥})

ASKG 10.75+0.02  6.23+0.03 18.94+0.07 4.31+0.02(}K4)

2.1.2 RWFEALXT ASKG /KIEPEMIRZ  S2H4s
R, LR IAI N A B C-ASKG, IKANE Y&
MIFSEH 57.11%+0.41% I/ 17.76%+0.23%, 7K
EHH RIS . ASKG 4 TifE e /K MR 3L, vl
{E RSP AR AT 5, OA idE 278, ASKG
RIS KA S EmT A 56.0% B2 15.1%71,
ARSI 02, A — 30 (BB NE SE . ASKG R H
FAb)E HOK A S n] R R 5%, X T RE 550560
R ZEAFANFIA 2L,

2.2 C-ASKG X/NEMFIEihis NEMHEFIERISN
2.2.1 C-ASKG X/ 18 m & . mahide 8005
mo BFFESE S 1. I 2)F B, BE#E C-ASKG %N
BB, AN R A A AR A 2 LT
#F. C-ASKG WhNE KT 0.4% B, ¥l eggie -
FHmi FE AR R R, ULBH R T O as B4 Al
B 7K, T T AR F I AR AN E R AR s B s der b
T T AR R 4%, ARSEERIIN C-ASKG RIS F 5 7K

371 - ASKG C-ASKG ¢ ¢ h
¢ g s
— 335 e e $ e; ....... f§f§
<33 .
b
Jﬁ 31 [¢ g
= 2 #
1a a a
27] ......... Foorereen &
25
0 02 04 06 08 10 12 14

@i (%)
Pl 1 ASGK Al C-ASKG AN[RIZR I Xof i AT 362 1 Ay 12 F4y 52
Fig.1 Effects of different addition amounts of ASKG and C-
ASKG on the wet gluten content in dough

TE: AR PRI 2 22 5 (P<0.05), €] 2~[51 4 [A].
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907 ...e.-: ASKG —o— C-ASKG

02 04 06 08 10 12 14
S (%)
K2 ASGK Al C-ASKG A RISz X 1 AT T Al 25 s i
Fig.2 Effects of different addition amounts of ASKG and
C-ASKG on the gluten index in dough

B R AR o, (H RS T T B T Ak S A
i1, SIAHIE, 782 ASKG ZRANFE T 1.0% i), 4,
BRLUERI(E 1. B 2), 5 ASKG &®AHLEL, C-
ASKG TE 0.4% IFEIIAE] 1.0 % ASKG BITSHRCR.,
TR RE N 33.4%20.4% (& 1), THAFEEC N 81.4%+
1.4%(E 2) . EiRZE R, R P bkt /5
ASKG [ H25 50 &5 K s, v BB 751 A
1.0% %% 0.4%.
2.2.2 C-ASKG X} &g/ N8 m i & . mAhids
Berdsgnn T VRS E G AR, e R EGE
PEVEPERE, WU R e DL SRR EE 450 B, $i g 1k e |
FERET), Wi oK ¥R, (B S5 BEA N 2 oK vk, 32
IRt T AR MG T8 U RTE R UL AN 125 P 7
Jiss, B o) 1T AT B8 W K e, R T A R 21O, AR
LI/ INEIRZEMAIRFERER R A A NZZ M, 4341 C-ASKG
X EAR /NS T Al A | TATAT R RS2
WFFESE R (18] 3) 1, C-ASKG @il LI e
AR/ N R IR T A B . FES 5% /N IRZEIG /)
Z Ry, 0.8% C-ASKG ALY N, 1 miff g
28.9%+0.3%; £ 5% FRHEAE G /N2 #3 H, 0.6%
C-ASKG FEefEus i, {2 fH s~ 30.4%+0.32%,
AR IR R A e LA . Xtk ASKG,
TES 5% /INZ2 W25 A R Bl g 11 /N2 0y v, Bl 25
ASKG @hnmsshn, @i i e s s, 4E 1.0%
ASKG Bk B 5 s, IR A E 553 29.9%+0.2%
ONZIRZEM) F 30.2%+0.2% (kRS RS ), JC W32

32

L S S
30 S
< 28 d_.—#— e £ e
= 2 o ST T g
£ B b A% ASKGHSU/NA I
B 242 TS o ASKGHSY AN
= 5y a — - C-ASKG+5%/NE IR 2

C-ASKG+5% 5 i i i

20 0 02 04 06 08 10 12 14
I (%)
K3 ASGK il C-ASKG A [RIRAITEEXT 5 /A2 R 25 il AT A
R R/ 22 T T 57 ) 52
Fig.3 Effects of different addition amounts of ASKG and C-
ASKG on the wet gluten content of wheat germ oil and palm
stearin added flour

25 (P>0.05), HIRTE 0.2%~0.8% K455 Hx 3L Bl P4,
C-ASKG % ASKG X4 11 fifi 15 A BE A B 3 4%,
{ELME 3 T4, 75 0.6%~0.8% C-ASKG F1 1.0% ASKG
MBS INELSAF T, P i SR/ N2 A 0 1 T
A EHUTA

b T TR B UL, B/ N2 IR R N B C-
ASKG FIEEHN Mg hn, EAE 1.4% B i3 5eCh
80.5%+1.6%, TEAFEAEAR /N2 K 0.8% C-ASKG iy
BARAINE:, mATTEECN 80.3%+1.7%, P& JG W51
2Z5(P>0.05). 1 C-ASKG 5 ASKG #HLL, o &
DL, FHEEGS & ) 2 b | A e g ke T HS
(& 4).

85
80 - B ¢ 2 i

=75 i Jtef 8T g H

20 e calll L

ﬁ 65 : _/L_éq"" oo ASKG+5%/ N2 IR 2

& 60 G —o ASKG+5% N

E 5542 b —o C-ASKG+5% /N IR 2531

C-ASKG+5% g kdifig

0 02 04 06 08 10 12 14
IR (%)
K4 ASGK Fll C-ASKG AN [RIZRAMEERS & /N2 I 2F i AIA A
R /N A5 T A3 48 KA 5 )
Fig.4 Effects of different addition amounts of ASKG and
C-ASKG on the gluten index of wheat germ oil and palm
stearin added flour

254 FIRGE R, C-ASKG 1E/NEZR FNE il g /s
FE Ry PR IAE, ASKG # H Kefb 5 AT g FEAK
TE/NZE A b R, SR, ZE S/ N b e
B, #2778 C-ASKG XTI H i 1 32 H- 32 BR T
/N RSB INIMAE B RE N . W, ASKG 2 H 3t
575, FEASFE M A SR /N2 A v S A AR
JK i T AR R PSR C-ASKG JC 35 T4 A 3% SR 42
Fro KT A RN AR B IR bR T R
BN ASKG, AN — 4R C-ASKG W T-&
THHE/INZZ A5 0Py BT ARR P RN AR S A 25 44 -
2.2.3 C-ASKG XI/NEB g mReE sz iRgs
REKW, 0.4% C-ASKG J2/NEM P sAF IS I,
ARG 2L 53 HT R TR, #R5 C-ASKG X/
R M Ty sEmE, I RLICERINES H . 0.4% 1 1.0%
ASKG GEIFEEXTRE,

A BTAREPE S R (3R 2) 3R W], 5o Inas A X

%2 ASKG #l C-ASKG /N Bk B R A 5% )
Table 2 Effects of ASKG and C-ASKG on farinograph
qualities of flour

i L & ﬁ?ﬁiﬁlﬁl i%l%ﬁl‘ﬂ Sk
(%) (min) (min) (BU)
0 61.3+£0.2° 3.5+0.1° 4.7+0.1° 46.0+1.3°
0.4% ASKG 62.4+0.3° 3.6+0.2° 6.1+0.2° 21.0+0.9°
1.0% ASKG 64.1+0.1¢ 3.1+0.1° 8.2+0.2¢ 10.0£1.2°
0.4% C-ASKG 65.8+0.2¢ 4.1+0.1¢ 9.3+0.2¢ 11.0£1.0°

TE: [FFUA RNG SRR R AE B35 2% 5 (P<0.05), K3l o
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kt, 0.4% C-ASKG AT 3870 A K 3 | JE pl it ] Fn
FasEiaE], FEAREIILE . 0.4% C-ASKG WK R Ffa
SE B A S F LT 0.4% F1 1.0% ASKG(P<0.05), 55
AR R EATF 0.4% ASKG(P<0.05),{H5 1.0% ASKG
AT 3 22 7 (P>0.05) . AL INES 4, 3%
in 0.4% C-ASKG 1 Tl HJE sl st [a] 34 <, {72 & m
0.4% ASKG I ARZST 1.0% ASKG B A5 /)N, F 5 A
Bt — R0 . LRG0T, BN 0.4% C-ASKG 19
B TR AR WS PRPE T 0.4% L 1.0% ASKG, W
KR 65.8%+0.2%, AT A4 4.1+£0.1 min, &2
AsFE] A7 9.3+0.2 min, 5510 > 11.0+1.0 BU,

2.2.4 C-ASKG XI/NEBMELHORLS A sz &
HFFT R, ASKG IR i 7 25 11 X 45 45 44 B TE A,
FEZESLPE, SR H B meRh s, 475 Al e i) T A 2R
FURE &, A SR P it atty AT a0 2 #1020, PRl dsad
FHL 455 2 5 T AT P T A 2 1 RS O AN BB I It ASKG
TE/INZEA T R FHAREE, T a2 S AR O 2
VA Ui 71 . SRk, ASFSEm s B b T i
WM 0.4% C-ASKG 18k s 4 i 520, JCIs
Nz A1 0.4% ASGK X Lb4H .

600 L BE4E R o, JCH N (E sa) FiRz
TEASR AN i B T T T LR 41 0.4% ASKG
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Fig.5 Effects of ASKG and C-ASKG on the microstructure
of steamed bread
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Table 3 Effects C-ASKG and E-ASKG on texture characteristics of wheat flour dough

wm Hit1(g) $r2z K g (mm) T (g) P (mm) At (mJ) g =R AL (m)) NI
0 23+0° 3.67+0.13" 245+5¢ 6.10+0.02° 0.70+0.01° 135+4° 8.3+£0.2° 0.60+0.02°
C-ASKG+W 32+£1° 4.15+0.10° 117+3° 6.13+0.04° 0.95+0.00¢ 94+2° 6.7+0.1° 0.70+0.02°
C-ASKG+S 28+1° 4.89+0.21° 15442 6.25+0.01° 0.85+0.04° 101+£2¢ 7.60.1° 0.79+0.01°
E-ASKG/W 37424 5.56+0.22¢ 97+2° 6.27+0.03" 0.96+0.03° 74£2° 6.6+0.3° 0.85+0.03¢
E-ASKG/S 35+£1¢ 5.50+0.07¢ 942" 6.29+003° 0.974+0.03° 86=1° 6.6+0.3° 0.88+0.02¢
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Fig.6 Effects of C-ASKG and E-ASKG on the microstructure
of steamed bread
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