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Effects of Different Edible Colloids on Edible Quality and Digestive Characteristics of Steamed Bread
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Abstract: The effects of different edible colloids on the physicochemical properties of starch and the quality of
steamed bread were studied, with the purpose of delaying aging and improving quality. Calorimetry, colorim-
etry, and texture analysis were employed to determine the quality of steamed bread supplemented with different
edible colloids. Additionally, in vitro digestion experiments were performed to determine the starch composi-
tion and estimated glycemic index (eGI) of the steamed bread. The results indicated that at an equivalent con-
centration of 0.3%, the addition of five edible colloids (xanthan gum, guar gum, sodium polyacrylate, sodium
alginate, and carboxymethyl cellulose) improved the pH of the steamed bread, while it did not cause signifi-
cant changes in the calorific value or color difference. The guar gum group had lower eGI than other groups.
From the perspective of starch aging, the addition of carboxymethyl cellulose reduced the rapidly digestible
starch by 54.02% and resistant starch by 18.75%, and thus the steamed bread demonstrated superior anti—

aging properties and excellent sensory quality.
Key words: edible colloid; steamed bread; pH value; texture properties; cooking loss; in vitro digestion;

content of starch components
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Xy HYTHETERY , % 5 Goo MR 20 min J5 1Y 1 1 V48 44
BT IE , mg; G A BEH 120 min J5 I 37 708 25 05
It mg; Fo MRS A O i mg T BER) & i mg.

2% Gofii SFSHEE FHNAL N 2 LUAE i, 57 1Y 3l
FIE BT TE R K #5540 ( hydrolysis index, HI),
FE IR AN AR R 8 (G) .
G, %09

H= x 100 (6)
H, = A 100 (7)

wh
G =397 +0.549 x H, (8)

Kb H KRR %5 GO FE SRR f i R] =2
(AR A A i, ms H, SRR SBFEEL, %05 A R i oK i il
RN BT Ay, o T ALK it 26 R AT AR 6 I
WA AR H
1.3.9 BEIFE

T 10 2482 % 33 2 A BB I B UIAG A B34 7=

PEATIRE VP , VA i 575 25 1 A U0l 4 27 18 S sk
B BTV 7 bR IR e s e, AR 18 Sk Y
fE, AR AU 25 DL R R 4 AN T %48 Sk gk A7
ZEATES W50 100 430 18K BVE TR PRIE LR 1.

®1 BLBRETSIRE

Table 1 Sensory scoring standard of steamed bread
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Table 2 Effects of different edible colloids on the heat and the basic nutrient composition content of steamed bread

4151 AE/(kJ/100 g) HER(g/100g) BRI/ (2/100g)  BRARILEY/(g/100g)  FEHI/ (/100 g)  KI3/(g/100 g)
Xt e 987.86+24.53¢ 8.27+0.28¢ 4.10+0.32 41.50+0.81" 41.00+0.22¢ 45.13%1.09
R 997.61+19.38¢ 7.30+0.06" 3.53+0.32¢ 44.30+0.50° 41.08+0.82¢ 43.87+0.79"
JRIR I 982.29+18.12¢ 7.90+0.15% 3.30+0.32 43.37+0.83 42.60+1.60° 44.47+0.95"
RN IR 958.56+6.40" 7.57+0.17 4.03+0.26* 40.67+0.23 40.14+0.49 46.77+0.15
T TR A 943.20+16.95 7.60+0.36 3.37+0.28¢ 41.13+1.37" 40.62+0.12¢ 46.90+1.05*
B LT Y 959.94+5.02¢ 8.00+0.17 3.70+0.26° 41.00+0.30" 40.37+0.33¢ 46.30+0.26*

TE : [FFA R NG FREFR R HAT B3 22 57 (P<0.05) .
I3 TR B T 0 TR S R R PP 2 4 3R 18 Sk Pk 4 5 1 T
1o o A WA ) S K AR 18 Sk vh K 3 i s e AN ]
X BRSBTS AR L, A 0.3% BT BEIR
B8 Sk K o3 R RO, IR AT RE S T B R S HAT
iR Y S K, I ELWE K AR AT AT A0 i v 4 Sk 14
Rk [) IR R T3 S5 3 A ) A ol 5 S ) 8 ) 3
$io L LR, 5 TR BV X 48 Sk B4 bk i) 52 e G\
FPE2E 5 (P>0.05)  [HES N 0.3% 1 BERR A 18k
IR o i S0 BRAH LE AR & T 3.92% , I 18 Sk Y
VISELVE S T3
2.2 AR B A8 Sk (i 2

%30S TR AR 18 Sk e B (L*) (214
JE (a) VEHEE (b)) LR (W) B S

®3 AEEAREITELEFNZM
Table 3 Effects of different edible colloids on the color of

steamed bread

215 L* a* b* 14
XfUE 78.4422.43+  237+0.22  15.25+0.14*  73.40+1.95
BRI 76.50£1.60°  2.29+0.17®  14.53+0.16° 72.26+1.44%
JIUK 80.50+1.82¢  1.63+0.23'  13.74+0.68* 76.07+1.83
G
WINKE 75.41+2.83* 2.63+0.45°  15.35+0.40° 70.84+2.61"
PR A
Wi 77.8820.63*  1.13x0.27°  12.57+0.81" 74.51+0.75
i3l
BRI 81.78+1.75*  1.28+0.55°  12.60+0.33" 77.78+1.60®
YR

B RS ART/NG T iR A 22 5 (P<0.05).

FI 3 AT, A4 fh Z B B L (E XA R .
H ISR 52 R PP RE 2T 48 2R 114 P 2B R o 1 Sk Y
LA P T e, XS BRI B — 2. UK A

& SR A TE R T S 4 OC AR RE T , < AT
IR 53, S EH R A RS 7873 B WK RE K , LA e
P rmltol, HJR TR B2 ZH AR Y R 27 4 32 21 48 Sk 1Y
L5557 B2 AH T 2 35 P 22 5 (P>0.05) , BE T I
PRI AN 18 3k 5 BE B2 M AR /N o TR, TR K2 e 20
FR W BLLT e R A8 K W LA W W i T e, HPIA
B (AR S RO SRR — B, i B HE T IR
BELTHE R 5 TR SO 18 3k (L AR 2 — 3y . 25
IR ASANICR SRR R 2T 24 25 9 £ e
PRAE ST b 5 1 Sk (PR I 52

2.3 N[ AT 18 Sk JB A i F) S

AT B PRS0 3k R R PR R 2 L35 4
F4 AEEBAREIELREEERN
Table 4 Effects of different edible colloids on the texture proper-

ties of steamed bread

215 TERE/N  #ffk/mm  JEH /N IHIEYE/m)  [FE P

X i 5.45+ 095+  396.06+  376.67+ 031+
0.27" 0.01° 17.68" 15.42: 0.01°

B 7.30+ 091+ 49375+  447.58% 0.27+
0.63¢ 0.02" 41510 42.09 0.01*

JIUR 3.93+ 0.93+  276.00+  256.16% 0.29+
ISk 0.66% 0.00° 42.03¢ 37.83b 0.01
BN K 5.27+ 0.95+ 39299+  326.52% 0.30+
v 0.37" 0.01° 26.14" 72.21abe 0.01°
T3 3.48+ 0.93+ 24191+  224.59+ 0.25+
i) 0.22¢ 0.00° 11.76° 10.98¢ 0.00°
PR L 3.20+ 0.95+ 22854+  216.50% 0.29+
YR 0.39¢ 0.01° 16.53¢ 14.08° 0.02:

BN R R B B2 5 (P<0.05) .

T J LR B AR G Fz ot 4 8 Sk %) 11U, Tk 4
i, HAE B s 2H 08 Sk (16 A AT OEL IR 55 %) 4 A
LA R = T 33.94% F1 18.83%, 1 Hofth 2H 3454 Fr R
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JE B £ B AT 59 5 DR JE 2L 4/ ) H Al 2 18 Sk 1) e 25
BRI 0TfESE BT R R AR B A B R R U
SRR BT B AR = R R, A R
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—E—
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4151
AN FRERIR 22 5 135, P<0.05.
E1 FEERREEL pH EH M
Fig.1 Effect of different edible colloids on the pH of steamed
bread
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S, e b iy & R B 2 (4R Sk 1Y) pHL A B T R T
W R R, BT RRAGAR 3 T 8 VR S KRB
AR T 8 i 1 A S 2, DR s 2 52 W) 7= 5 g XU,
SR, 5 A e, R B9 pH AL T4k
Ef /N, R R A 4 Z AL pH (H B AR K. &
{et A5 3o i 9% 2 BRTE A ) pH {HAE 6.40~6.60 Z [A]
A5 (018 Sk R BE Sl o R UG, AR £ FH RS R i A 3k
A8 Sk B pH L, {H 23— i 12 i 52 0 A2 T 34 52 R
AUk
2.5 AIRIE RS Sk 7% 3 11 (52

RBEWRIE RSk I EE N R 2 — AN
1 B AART 18 S 2 A0 1 5 e DL AT 2.

| b be
cd
2 -
d
| ]
0
%

S - AR RN 3
ENSRTEZA LN AL AL 7
P
5 %
2551
ANF/ING FREFRIR 25 5 3%, P<0.05
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Fig.2 Effects of different edible colloids on the cooking loss of

steamed bread

WAL 2 Jr 7, AN [R) 35 7K B AR B4 vt 42 Sk i) 25
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A ECAA A S 35 2 5, HL v 5 e 4 18 Sk 17 28 A 0 2 I
K, BRI ER NS K 26 B R /N . XA RE
PR Ay 2 7K A BT T B P LA 28 e P = 4 8 T 245 24
A 5 5 o B S I 45 25 4 58 LB 28 AT B IR T, T3
05 Y IO 4% 23 A TR A ) X DA B A
JEE 1 BRI 108 Sk PN T A T B L R R R
BEARS , 24 25 K AR A R N 2o 2 R, S K A 2 e oy
IS N 45 5 K, 5 35008 B3 T o 1) 458 M 1) 45 235 4
IR, 3k FAEZE S A p th T S i e 28 AR R
e, 2 B SRR A 1R R R i X A1 2
S ZE B AVE FIRCR F A e, Hoh 3 0.3% B9 R
VR R A X PR 8 Sk 1) 78 8 B0 R R
2.6 ANTA)EFH AT 1 Sk B B P SRE T RS

P& 3 SR a8 A [v) 2 e A %o 0 Sk % 1% i ] e+ 7

SRESI S
I5p
14}

13F
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=12t
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£
=1 —— X1
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—— RN
93 —— WA
: —~ R IELF
. : : : . .
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S BERT ] /min
3 FAERAREIELEBEE=SENNRIE
Fig.3 Effects of different edible colloids on the gas production by

yeast of steamed bread



2024 £ 3 H
EasEESH

RRtnSHR

ERlHFs

— 136

&l 3 AT A1, 20~60 min 8], 45 21 1 A 78 & i
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[E1) , 4% 2B 1T A1 7 2 P 2 A i ) R R P O S 5557
A B TR R A JTVR S 2L A T A O s AR R ) A
R T B P 0 e T X BB A 5K SO Ay T AT ) T
BEFE S RE A S BRI PR 5, 5 T A 1 7 o 2%
SEMAR G R E LR MR R 45 S . R =S AR AR
AT REJE R o Zead Fe 4 K AR G, B U 3 Ao SR 4 AR
TV I R OB RE e 245 4 , T TR 5 8 3 ok = i 2 ] g
LGS 0V FH Y B S 1 1 = 2 T 46 5 4 5 T 77
F VA EAE R, DN IR B NS 1 1T 7377 D) 246 285 441261
80~100 min H[H] , 2% 20 1fif A1 7 & B ot A% vl %) 2 ik A4 R
IR TR, R RSB A AR R E LT
100~120 min HA[H], 2241 1 A17F & R B 2 v R AR 1
T B R 0], FE TR G2 R TR s R AN 4 AN AR
FH L2 4 22 21 1 1 AT A R I e b () (AR RR L T s B
AR B, Ui T A R AR AR b
SRR TR FH RS (AR e g i 1) A ELAE FH ) 245 27 o
2.7 S[R3k v b T AL AR 1 5 )

& 4 F1e 5 3 E A AN [R) 6 RS 1A% 12 3K vE Ay
IR AR AN TE R T AR A 5 0

100
80

601 [)f

&

% l

= 4orf )
20 —— AR

—— RH LR

0

0 20 40 60 80 100 120 140 160 180 200
JK St B} 6] /min
B4 AERBRESTELERKFERAZME
Fig.4 Effects of different edible colloids on the starch hydrolysis

rate of steamed bread

x5 AERARGEIMELESELEERNRNME
Table 5 Effects of different edible colloids on the starch digestive

characteristics of steamed bread

28 RDS/% SDS/% RS/% H1/% eGl/%

X} R 62.18+  16.13+ 21.69+ 96.85+ 92.85+
0.13¢ 0.00¢ 0.14 0.82! 0.45!

W 55.63+ 37.16=  7.21+1.48 107.69+  98.83+
0.35° 1.128 1.13¢ 0.62¢

HRS5 AERAREIELEHELEENZME
Continue table 5 Effects of different edible colloids on the starch

digestive characteristics of steamed bread

415 RDS/% SDS/% RS/% H1/% eGl/%

JIUR 66.03+ 16.20+ 1777+ 10431+  96.98+
EAid 0.25¢ 0.19¢ 0.06" 0.09¢ 0.05¢
RN 76.18+ 12.90+ 1091+ 114.19+  102.40+
Gl 0.46* 0.11¢ 0.35¢ 0.69¢ 0.38"
i 62.69+ 3298+  4.32+0.22° 120.06=  105.62+
7%l 0.35¢ 0.13" 0.29 0.16°
R LT 7248+ 22.02+ 551+ 116.48+  103.66%
i 0.45" 0.32¢ 0.14d 0.28" 0.15

1 SRR ING b 3R HoAT i 3 M 25 5 (P<0.05) o RDS S HRiH
ﬂﬁfﬁf*ﬁ(rapidly digestible starches) ; SDS e ﬂﬁﬂf*ﬁ(slow]y digest-
ible starch) ;RS N TEHS (resistant starch ) ;eGL MARAM I E A= i F5

# (estimated glycemic index)
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Table 6 Effects of different edible colloids on the content of

starch components in steamed bread during storage

251 RDS/% SDS/% RS/%
papilst 29.11+0.11° 37.01+0.01" 33.87+0.13"
v 37.10+0.10° 37.79£021®  25.12+0.12¢
JRIR 2 35.76+0.244 27.98+0.02¢ 36.26+0.26"
RN EN 36.50+0.50 37.49+0.46 26.04+0.04
T TR A 40.09+0.09" 38.02+0.02° 21.9020.10
RHILETEE 54.02+0.02 27.22+0.22¢ 18.75+0.25

T RS R NG FHROR HA W35 1225 (P<0.05)

18 3k PE R SDS B f v 14 2 T PR BN AL, xR
HAER T 2.73%, S 18 I A TE K AT LA 58 A 9/ i e
W, B SR AL T R LR T LA 5 B e R Y s ]
TR ARG IR, KBSk rh At 7 d SRSk TE M
RS & f o e AR JICUR GO, 33 2 PR SR IR 50 e
VER A R I AR A R S AT RE R TR R 2 hE
] Y 44 ) 22 AN AH AR RN 52 B0, RS B 2 A F T+
VER T AL, AE A R0 e o RR A ) B, A B IR
Jog AL FEAERY . N RDS 25 5 09 A FE M7, 7E A 7 d
Joi , BRI LT 4 K 4 18 3k RDS & 2R FR A 1Y
FEHC, FIHE RS F f fe G, J5L IR AT BB AR SL 4T 4 R
AT LA 200 b 300 5 S Ry 1 [ A 0 AE 27 Y R S Ak 1) R
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Fig.5 Effects of different edible colloids on the sensory score of

ko

steamed bread
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