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Abstract: To investigate the effects of ball milling (BM) treated of yeast protein (YP) on the quality properties of fresh noo-
dles, YP powder samples were processed using a planetary ball mill under different conditions (100 r/min for 10 and 40 min,
and 500 r/min for 10 and 40 min). The resulting BM-treated YP samples were characterized for their morphology, color,
and particle size. These treated YP were then incorporated into wheat flour to prepare fresh noodles, and the appearance,
microstructure, cooking properties, texture, sensory attributes, and digestibility of the YP noodles were systematically char-
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acterized. The results showed that untreated YP consisted of large, irregular spherical particles with a D, 5; of 42.26 pm. In
contrast, the YP sample treated at 500 r/min for 40 min exhibited finer, irregular particles, with a significant reduction in
D43y t0 5.04 pm (£<0.05). Compared to the control group, the direct addition of untreated YP led to a decline in all noodle
quality parameters. However, as the BM energy input increased, the quality of YP noodles gradually improved. Specifical-
ly, compared to noodles with untreated YP, noodles containing YP ball-milled at 500 r/min for 40 min demonstrated a
color shift from dark yellow to light yellow, a continuous and dense gluten network microstructure, reduced water absorp-
tion (from 64.91% to 61.19%) and cooking loss (from 3.30% to 3.05%), increased firmness (from 2.656 N to 2.967 N) and
chewiness (from 2.923 J to 3.600 J), and a decreased starch digestibility (from 67.3% to 63.1%). Moreover, these noodles
achieved higher sensory scores, characterized by a more elastic texture, smoother surface, and better color acceptance. In
conclusion, BM treatment enhanced the applicability of YP in noodles and improved their overall quality. This study
provides a theoretical basis for the application of YP in the food industry and offers new insights for developing functional

noodle products.
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Table 1 Water absorption and addition of wheat flour
and flour blends

R WK # (%) Jnsk = (g)
= 56.3+0.08" 28.21
YPJEAE 59.0+0.00" 29.21

BM100-T10 57.9+0.05° 29.05
BM100-T40 57.7+0.00 29.04
BM500-T10 58.4+0.05° 29.09
BM500-T40 58.2+0.05¢ 29.09

H: SRR ING R RR 22 57 18 3 (P<0.05) , Fe3~F6.
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. M, SR AEZ AT AL, g; M, SRR EZ
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Table 2 Sensory evaluation criteria of noodle samples

iH Tl o (43) iFr
IS 10 TREE A1 (843~104%); REAKER RS A (743 ) ; IRANRARTE (453~653)
S 25 PPERF(2153~2548) ; Bk — R (1643~2043) 5 22 (1050~154)
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$£(200 r/min)2 h.

W AHB BE: 7F 8 mL B AHTE AL BN A 16 uL
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1.3 HiEAiE
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HrANZ: &, R SPSS #RAHEAT BRI 2R U7 2243 Hr, &%
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P<0.05.
2 FR55Hh
2.1 FKEMNEBEERMM. BEMRFSG

SR SEM MW%E% YP S UL gh#, g5 R an &l 1 By
No YP JERESEEA AN LRI R, A5k
FH B AR/ INEURL IR A2 A, RS H 2 U R4k
A, X5 Wang P WELH) YP RIHITES 3. &
BMS500 2315, YP IR R EAFLINTEAR R/ N,
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SEM WA SR A —3(*? . SRIHBOGR AU YP
BARRGT, G52 AN 3 iR YP Y Dy 5y Fll Dpy 5 43
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Fig.1 Appearance and SEM image of YP samples after BM
treatmrnt (500%)

e (a)~(e) 2> HIMCEE YP JE AL . BM100-T10, BM100-T40,
BM500-T10 1 BM500-T40.

HH 42.26 um Fl 24.40 pum. (HASERAYIE, BM100
ALBRJS ) YP it Dyy 57 F1 Dy 5y Y0 GECE T, 475 24
BERIURL R 32, X —ING: 5 SEM g5 R —3, iX
T e RO RE R i Y P BRIRERE H B, (5
KREETE e, SRR AR S in . AHELTF YP
JEURE, BM500 40 B 19 YP R A% K S B, o &
BMS500-T40 [ Dy, 5 Fil D5, i35 FE K2 5.04 pm
F1 2.90 um(P<0.05) . YP (=ML Ransk 3 fiF
o, B2EZ b LEACERS R, BuE s AR (o=
PR o EARRBI LTS n], IF(E RN WAL, Al
TP mzrt; b AR W, IE(E R IR, A
FIWE . BEZE BM ALBEAERRAYIS N, YP 19 LMH
F @ B 43 BN 83.01 Fil 3.16 b ZE 34 N & 94.45 Fi
6.14, b (H M\ 26.81 L FEFFEMLZE 14.25(P<0.05), K]
fi BM A- PRI A3 I YP 19 s BEER & . (A PEAR
o X—45RS YP R B A FEAS LA —2K,
HD BM AbFHAE YP A 5 4 B0 60 R B8 A (0B W e A8
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Table 3 Particle size and color difference parameters of YP
samples

Fedh Dpyy(pm) Dy (pm) L8 afd b A
YPJERE  42.26£1.29¢ 24.40+1.63" 83.0120.12° 3.16+0.02° 26.8120.12°
BM100-T10 44.90+0.24" 25.83+0.12° 83.80+0.16° 3.40£0.02° 26.26+0.09°
BM100-T40 42.50+1.73° 23.16+1.76" 87.25+0.08° 4.03+0.03° 25.68+0.17°
BM500-T10 10.31+0.33" 4.44+0.01° 94.45+0.14¢ 5.78+0.02¢ 17.68+0.05"
BMS500-T40 5.04+0.03* 2.90+0.03* 94.45+0.14% 6.14+0.01° 14.25+0.12°
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Fig.2 Appearance of noodle samples
FE: (a)~(0) 43 S8 AR BN YP. B0 YP JFUAE . BM100-T10,
BM100-T40, BM500-T10 1 BMS500-T40 il/E B 1 4 .

SRAEZETHE T mis& ) a2s, 45523 4 r
IRo LM AN L b E 51N 90.41 F1 7.67,
W YP JEAREHIAVE R T S5 LEFFEILZE 89.03, b™{H
WhnE 11.25, $aBH YP 195 A& 5800 420 005
FEEARES, BOAR T, BfZE BM ACERAERE AN,
25 L™E M\ 89.03 M HZE 89.89, b {H M 11.25 [FEIKLE
9.43, XSRS YP JFAE R WAL, B BM AL FERE
I INER C05 B AR IR B0, T AT SR PR E A
P B3R S oA IR 5 AR R 2 I N R A B (R &
SN, 3X 45 L 55 T UL DLAER 0 ROF R 15 0 2]
B S Eum A kA AR R R —EL . BRIk, AR ER
TEIEGI YP JFEE, 2 BM IR YP B8R FH 2T
A5 FISE 3 (P<0.05) 6

F 4 AR EESE
Table 4 Color difference parameter of noodle samples
R LMK afi b{H.

A4 90.41+0.49° —0.57+0.10° 7.67+0.31°

YPJREE 89.03+0.30° —0.62+0.09° 11.25+0.16°
BM100-T10 89.67+0.30° —0.70+0.12* 10.99+0.36"
BM100-T40 89.69+£0.56" —0.6+0.12° 10.47+0.26°
BMS500-T10 89.78+0.52° —0.75+0.11° 10.244+0.13¢
BM500-T40 89.89+0.38" —0.69£0.15™ 9.43+0.42°
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Fig.3 SEM image of noodle samples (200x and 500x%)
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b BOEESY BM ARG YP RIS TN, X P4/
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SRR S RKEE 0, 3PP KA FH 32 29 T A7 2 1 X 2%
SER R R NPT, 2R R TN I A W AR
0%, HRKZFN T i R a5k 5 i, 525H
ZHAHLE, B YP JEAEHIVE 0O TE 25 /K 3 M\ 68.64%
B2 64.91%, X2k YP LT 5% MUTERS, MvE
By SR AR MR SF, YP YRR 22 HASANTE RS,
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Table 5 Water absorption rate and dry matter rate loss
of noodle samples

FEfh WK (%) Tk # (%)
i) 68.64+1.34° 2.94+0.13"
YPJREE 64.91+0.85" 3.30+0.05¢

BM100-T10 63.69+1.17% 3.25+0.09
BM100-T40 63.07+1.53% 3.18+0.04%¢
BMS500-T10 62.68+1.04% 3.1340.05
BMS500-T40 61.19+0.63" 3.05+0.03%

2.5 PREEEERIE B XK FAFF RIS

AT 2% P4 108 S R T W P2 31 T 2% o ) o 22
TEbR. WSLEERAR I ARTESZ RIS AR I BT RE
3, SR SAEARRE S5 N R AR s DRI B il i
R IAE WA AR T A EA IS T 22 Pk

(b) 30
12 25

QO O .0 W
% @’_é( N :&V (S\ :&V
SO

Q <

FELE R ITTEAEIN IRRE, I B 5 1 S nE g

T ITRE B REVHAED . TSR0 W S B A NNH PR AR

Tt B G 5 BT B 22, SR FH BT AR 52 T T S Y T

IR, S5 RN 6 s, S5 HAM L, @ YP
JEAE I B 1) Th7 £ HC 19 S 2 RN IE VR A 3.019 N AN
3.939 J AL & 2.656 N Fil 2.923 J, ixX n] e & K N
YP R4 Py L RH e T I AR A 1 4 ) 2k,
ASF) T 1T 557 P28 BE AR T i, DA IR I 45 I S BE

NEIE LY BEZE BM ALERAE ARSI, 1 45 A9 IR S
JE FNNE NG RE 2 BT, Horp BMS00-T40 24H (19 S
FINELIEG BE 43531 A 2.967 N H1 3.600 J, 1525 (4 21 fe %
I XATRERE T BM A4S Y YP hifs W30,
T 55 ¥ 5) 53 e TH VAR & v, ol R dB SR 4R, sk

ARG . FEE YP SR AL G, TBlE G4
) - AL T T AT R 4% LI, 18 5 T 377 P90 8% S A B0 1k

PETTHE 25 T 45 100 S B FINAL IR RS DL &b SR AH,

FHEL T YP JEEE, B3N BM ALBRIY YP REAS I35 R 25
F A4, ELBEZS BM ALBRAE LA N, 280 SRk i
. BSR YP Wik R AESE ARG AT BM AbERRY
W, AR HEAT RO T S5 1 i B R

6 AR TR
Table 6 Textural property of noodle samples

R IRSCHE(N) NELIEE 2 (D)
FHA 3.019+0.03¢ 3.939+0.05°
YPJEAE 2.656+0.04* 2.923+0.03

BM100-T10 2.723+0.02 3.299+0.06"
BM100-T40 2.832+0.07™ 3.401+0.13°
BM500-T10 2.877+0.06>¢ 3.473+0.09"
BMS500-T40 2.967+0.01% 3.600+0.18™
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Fig.4 Sensory evaluation score of noodle samples
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Fig.5 Starch digestion curves of noodle samples
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