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Abstract: The improvement of the quality of quick-frozen steamed buns was investigated by partially substituting wheat flour
with different proportions of acorn flour (0%, 4%, 8%, 12%, 16%, 20%). The gelatinization properties, rheological properties, and
water distribution of acorn dough were analyzed, along with the whiteness, specific volume, texture, and sensory characteristics of
the resulting steamed buns. In addition, the effects of different quick-freezing temperatures (25 C, -29 “C, -33 ‘C,-37 C, -41 ‘C ) on
specific volume, water retention, water loss, moisture content, and water distribution were evaluated. The results showed that when
the mass fraction of acorn flour was 8%, the composite dough showed a minimum peak viscosity of 1,884 Pa, a setback value of
1 214 Pa, and a T22 relaxation time of 174.735 ms. Under these conditions, the steamed buns achieved the highest sensory score
(88 points), a specific volume of 2.40 mL-g "', a whiteness value of 55.05, an elasticity of 3.82 mm, and a hardness of 27.6 N. When
quick-frozen at -33 “C, the T23 relaxation time of steamed buns containing 8% acorn flour was 335.16 ms, and the total peak
area reached 5 315.92, both of which were significantly higher than those of the other experimental groups. When quick-
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frozen at -29 “C, the specific volume was 2.207 mL- g’l, the pH value was 6.913, the moisture content was 39.31%, and the water

retention was 5.20%. These values were 0.09 L-g "', 0.21, 0.04%, and 0.11% higher, respectively, than those of conventional quick-

frozen steamed buns. Overall, the quality of steamed buns containing 8% acorn flour was well maintained when quick-frozen

at temperatures between —29 °‘C and —33 °C. This study provides a theoretical basis for improving the quality of quick-frozen steamed

buns through the incorporation of acorn flour.
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13 FE R Ll b X R =481, R A e, PR SE i,
HhRAEFE, ARZLfh, WAWIEAE S, &F 60% A4
T, 5%~10% WINE R 4F4E, i &H 7% AAMER
Ji~ 2%~5% HING T S 2 Fh AR i P T K &% 2R T
=0 T HEFMER R, TR RN & O R,
P N S 3 A0 ) LB 1) 1R R B K, 1l R
e, HEGHAMEY . B inT s
NHERSEH, CEBERMRTHI. e, SR,
& — A A e A A E B AR R RS . rE sk
W RS R, RIERIER. BRI SUEK
=Y, BEE A SRR R A S KT AR IR, RS
ICR 8 Sk R BHE B Z I8, O Tk Rl
X8k i RVE FEME B R . Wu ZCF R, 1
T8 Sk FFOION R B 50 20% O RRRY, AR RA BB £ 1y
USRI 2 &, FRAEAE K AR oh i B T8 Ak 2 1%
K. koI I, TR0 2% BT SR 4R
V8L ERE i BUR G, 18k TG, AR ig
SKIH A S5

A VR 18 Sk R AT DA 288 v AR B 18 Sk B 4R
18 AF T 20 CIRLE N A SR FRIE SR PR, fe
5K 18 S IR A KRGS, FRARK & B, R R
i 400 ) 0 2 P P A G DA R & o 3 B0 Sk AR S 1R AR A
SRR AR Zhao S AN A R LT R 183k
FRIREm AT THEIE, S5 REW] . 18 S AERBUS R
PR AE. pHE T, W@k 255 %%,
MM =30 C AR PR 1718k Ml 548 R HAR ] LA
AR B b i e A 8 S R DR SR, AN SCRFI R B 1)
i, HER, W EAERESL R R, BN A
W58 7 H A T R FU R THT 1A, 0 MR Sk (4R
T b

Nk, ASHE T LS BH A AR oM ERE, R DUR
TRRT R T AR N R, B IR AR TR
3 HOG T A AN Sk I RR I . R SRR KAy
g3 AT RIS Sk BT RE R, IR R ) A I 18 Sk AE 25,
=29, -33, -37. -41 Cifrd %k, &mrhHEH
W, AR TR RS Sk 1) Tl A6 R SR AL A B o

258

1 MRERZ®
1.1 JRES A

INEERY, EVPIMERERMARAR . AWbE, W
TSP R i X2 T s BB TR Qe 65%-
HEPT 8% T 2% /K7: 70%- M 1%), T Fg
ERH s il b s T R RE, BB A PR A A 5
BT ERISAFT R, LB AR A .
12 MNHEHFERE

ZFO1L46-8 % Fik My W FH 28 A, LR A
BAMRA A H3C HRE, A B2 A0 B
HIAH ; BT457 7 RF, WY@ B PR A
PR A 7] 5 HH3030MMULVR K BEfE, kgl
B w] s GW-2016H BS0AL, bl 1L 5256 % & A R
AFE] s G-080S T, RINTTAKEEE R WA A WA
Al s 100 HFRAESR, AT EEXEFE SR AIR
A HE] s TYF-30ED i i4%, dbni & iE R B A R A
A BX-08 HURIRE GG VKAR, BT PR A =] 5
NMI20-040V-1 #Z IR BAR 73BT A, T3 23 53 HT X
B AERAT ; CRS (AZEAL, Lilg I ELR R &H
PR : Tec Master PRIEREBE /- BT, R HrsF
EAYBE PR AT s UNL-T S, AFIAER, (R ED
I B BR A

1.3 SEH Uik

13.1 #Fig ke

DAEDR L (100%) A%, AR U & 74
0% 4% 8% 12%. 16%. 20% % T 8. Ji &
I 10% R BE. R H 1% BERE, TR A 1%
AR, BLESE 60% 7K.

B & . e ZEmEK (38 'C, 30 mL)
A4 BER FUREVE AL 10 min, TRV TR BONRTHEIL A,
SR S R, TR 8 51 M N4t g KB #E 3 min,
S EBCHE 4 min, KFT0R AT, FE 10 min 54




MK EBBHT

Modern Food Science and Technology

BOGH T s Kk 30 g, (REEREZE, B TE
B FEAAE 37 CHER 30 min.

T8I H 4« BT BN ZEFE 7% 20 min, #
H'5S min JFHEUH &k s KA MESLRERER T,
N B &S h s, SR -25. -29. -33. -37
A -41 CHATHEGRE LA OEREN -18 Cla s Kig
SLAE SRR 2 h ek T AR
132 #edFmnz

BRG TR R EDR #2208 — 2 EL R A, FEHRR &
3.0 g Ji, KN RVA &, I 25 mL 1)
ZENHK, BT PR I e A b AT T A 0 G
BARFHEE . FEURME . BARFE. mIHE. #iEE".
133 ARFHENE

UG T 2 g, HCE T he e AR A R M ~PAR I,
FE S min, FEATRARREMED E . S50 K H PRk
H, BEfENRN25 mm, HEN25 C, MEHHEEH
N 0.1~80 Hz, BIVIRASHRAE N 1%. TAHAFEMEE
Mg 3w,

134 Koy #egnz

BEAZ T T A BOE R AR T2 3L U1K 20 mm*20 mmx
40 mm K/, JHCE 18 mm FRZREILIRE I, AR5 ARk
Wt TE32 CRIZAT, MM shige . S50k
BN KRS S B TD=80 010, SRAE UK H A3k
NECH 4 2 000, #F i Al B B[] TW=4 000 ms ; &
UK NS=64. ARG T 470052 = REBCT g™
1.3.5 4% 3kik 4wy L2

VDS YN EESEN T A (s DRSS FER DN A T ER E N A
SRIGAE —25. 29, —33. —37 f1-41 'C P4k % -18 C,
BFIAIRR 1 min PUE— IR, 1035 O B 221 O R 26
1.3.6 JAegm e

FRESL T R B & b, 75% BIE4eLt,
0.8 mm-s ' FIMGREE, 5 g WfihA Fy, TR 46 i A [a]
Bl 2s. i@k, sk, REE. PR,
MO, AR, BCPSEN.

137 g egmz

/N K A5 & 1 I BT 2 R/ OKHEH,
iR SRR RO —A P, K S N KRB
R — /N, AR T8 S TN P Hh 4k 24 5 i B
IR BN I HERANK 5 A N — A
M, EEEEERRE, M AT T REAR
BB Sk R &, AR — N

S=V (1

m

2026, Vol.42, No.5
XF:
S——
V——4#, mL;
m——JRE, g.

1.3.8 pHAEMZ

IEH 10 g 12 S BUEARE M B TR A, A 100 g
A KFE RS Smin 5, §E 10 min, KA pH 1
e 3 pH ("
13.9 HKAegmlE

10 gi@sk#limANaiFKd, 29 40 min,
4 500 pg-g ' B0 10 min, I E YUIEW T H & K
2, EER I ARG

My M 100% 2

WHC =
BN
WHC——#K7, %;

moii#;f"y\?’)}%\’?ﬁa g5

m,

m]iig's%éﬁ}}%\’%7 g,

my—— &S BTN E.
13.10 %£KE@mz

SRR B VAR PR T A1 5 A e T T S
S TH A K R AT .

wL="0""  100% (3)
A

m,
WL——4% Kk RKE, %;
my——44kiRAMRE, g;
m——42 kR ABHRE, g
1.3.11 Kaybsdyne
FREL 2 g 183k, 7E 105 'C FHk4 h, JRONTH4

WEH. 72105 CHIRFE1h AL, B,
AH0.5h, RE. EEMNKERSE, ByHEE, K

SEEiEARW R
x="""" 100% (4)
m; —ms
A

X—— Kt 58, %:;
m——A B X RE, ¢;
m,—— R A KRR Z, g
my——FREMRGRE, g.
13.12 &Feynlz
WA ARERTBHE SRR T, VIS em (R f, 1%
PRI AT B E, THREELEE ().
W=100-[(100-L*)*+(a*)*+(b*)']".

259




MR @i

Modern Food Science and Technology

2026, Vol.42, No.5

13.13 BAEIEL
EH 10 LA T2 A NRIDIRES . B Ry, o
PE. BEM RS A X 718 kAT 561
WU, = UCF A, YRR 1.
F 1 BFELNBEEMTE

Table 1 Sensory scoring criteria for acorn steamed bread
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Table 2 Effect of acorn powder mass fraction on gelatinization characteristics of dough

TR E8/%  HEFEE/Pa PAASEE/Pa RIBAL/Pa KA /Pa ) 4 4 /Pa iR/ C
0 197721 £2.61° 145823 +2.65" 519.12+2.61° 2530.54+3.12° 117243 +2.75° 89.65 +2.45"
4 1921.53+2.73" 1307.45+2.64° 614.19+2.46° 2551.14+295° 1244.72+2.63" 83.1+257°
8 1884.09 £2.44° 1343.41+241" 541.62+2.69° 2557.84+2.09" 121449+266° 83.95+272°
12 1971.12£2.63° 1325.19+2.34" 646.38+2.37° 2613.69+3.01° 1288.62+2.65 82.30+241°
16 204132+274" 132625+2.71" 71551 +2.62" 269839198 1372.45+2.63" 82.35+2.62°
20 1990.71 £2.70™ 1298.31 £2.83° 692.37 274" 268434 +2.65° 1386.29+2.58" 81.40+2.56"
E: RIIER ARG EFEEAREARZE LR (P<0.05), FHR.
*® 3 BTFHHRMENEZKS TR
Table 3 Effect of acorn powder addition on water migration in dough
KT8l E /% T21/ms T22/ms A21/% A22/% Bl AR

0 14.175+1.022° 151.991 £0.783° 99.307 £0.632 0.693 +0.823" 1028.977 +2.354"

4 14.175£0.655" 200.923 +1.235" 99.645+12.548" 0.335+1.542" 1050.878 +1.095"

8 12.328 £0.579° 174753 £ 0.683" 99.453 £1.523" 0.547 £0.309° 1078.085 +2.135"

12 14.175 £0.265" 174.753 £0.954° 99.651 £0.397° 0.349 £0.407° 1071.832+3.123"

16 12.328 £0.741°  114.976 +0.850" 98.819+0.638" 1.181+0.981" 1048.369 +2.147"

20 9.326 £0.328°  100.000 £0.386" 98.438 +0.401° 1.562+0.649" 1014.175 % 3.002°
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Fig.7 Changes of quick-freezing temperature on water migration of acorn steamed bun
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freezing temperature
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Fig.10 Change of moisture content of acorn steamed bread
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Fig.11 The change of water loss rate and hydraulic power in
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