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Effects of Neutral Protease on the Texture and Flavor
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Abstract: The objective of this study was to investigate the effects of neutral proteases from different sources on the
textural properties and flavor compounds of high-protein fermented milk, so as to improve the taste, flavor, and drinking
experience of high-protein fermented milk. In this study, two neutral proteases —ADMIL (AD) and Galaya smooth
(GS)—were added at mass concentrations of 0.02% and 0.012%, respectively, to a high-protein yogurt base with a protein
content of 6 g/100 g. After fermentation at 42 °C, the final products were characterized for textural properties including
viscosity, gel strength, hardness, friction coefficient, and water-holding capacity, while changes in flavor compounds
induced by the two enzymes were also analyzed. Results showed that compared with the control sample without protease

addition, the AD-treated and GS-treated samples exhibited decreases in viscosity by 8.9% and 5.3%, respectively, a 42.1%
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reduction in gel strength, and decreases in hardness by 33.3% and 41.7%, respectively. Particle size and friction coefficient

were also reduced, while water-holding capacity slightly decreased with no significant difference (P>0.05). Sensory

evaluation indicated that the addition of neutral proteases improved the drinking experience of high-protein fermented milk.

Further analysis of volatile compounds revealed an increase in the content and variety of flavor compounds in both enzyme-

treated samples. Among them, the concentrations of flavor compounds such as n-pentanoic acid, hydroxyacetone, butyric

acid, 2-hydroxy-3-pentanone, sec-butanol, myristic acid, benzoic acid, 2,3-pentanedione, (+)-limonene, and 3-hydroxy-2-

butanone were significantly increased in the AD-treated sample. In the GS-treated sample, the concentrations of n-pentanoic

acid and butyric acid were significantly increased. The AD-treated sample showing a more pronounced flavor enhancement.

In conclusion, neutral proteases effectively reduced the viscosity, particle size, and friction coefficient of high-protein

fermented milk, significantly improved its flavor, and demonstrated substantial application potential.
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Fig.1 Effect of proteases on the fermentation of
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Table 2  Effect of proteases on the viscosity of high-protein
fermented milk
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Table 3  Effect of different proteases on the texture of high-
protein fermented milk

A FR IR Xof R ADPHHFE GSPHEfEFE
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Table 4 Effect of proteases on the particle size of high-protein
fermented milk
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Fig.2 Effect of proteases on the friction coefficient of high-
protein fermented milk
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Table 5 Effect of proteases on the water holding capacity
of high-protein fermented milk
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Fig.3 Analyze the protein composition of different
fermentation stages by SDS-PAGE
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Table 6 Effect of proteases on sensory evaluation of high-
protein fermented milk

JE IS X ERE ADPfRFE GSHfHE
D2 14.7+0.7° 16.6+0.8" 16.3£1.2°
D28 13.3£0.9° 14.7£1.0° 12.7£1.1¢
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Table 7 Volatile components of high protein fermented milk

- B (ug/100 g)
& PR CAS - " "
Xof R GSHH#FE ADFf A
FRZE(11F)
R 79-09-4 ND 0.275+0.158" 0.314+0.053"
Tz 107-92-6 0.754+0.055° 2.747+0.797° 5.948+0.555"
1ESGRR 109-52-4 0.645+0.052° 2.697+0.774° 5.774+0.415"
BRRR 111-14-8 0.631+0.131° 1.643+0.743° 3.954+1.955°
TR 112-05-0 ND 0.600:£0.067" ND
R 124-07-2 ND 0.484+0.059* ND
wAivd 142-62-1 0.391+0.195" 1.633+0.727" 3.705+1.969°
%R 334-48-5 ND 0.579+0.032* ND
RIS 544-63-8 ND ND 5.06142.609"
VKEATR 64-19-7 3.790+0.673" 3.843+0.244° 20.588+2.923°
KR 65-85-0 ND 0.680+0.184° 5.685+0.656"
FE(10F)
R 98-01-1 0.239+0.058" 0.254+0.040° 0.505+0.050°
3-FL-2- T 107-86-8 ND 1.140+0.299° 3.284+0.704°
IR 110-62-3 0.530+0.152° ND 0.566+0.135"
5] 3 123-38-6 0.231£0.059° ND ND
1B 124-13-0 1.901+0.738" ND ND
ER 124-19-6 1.777+0.721° 2.376+0.989° 4.254+0.325°
S 590-86-3 0.638+0.078" ND ND
5-FP kg 620-02-0 ND 0.164+0.057° 0.156+0.011°
IECUEE 66-25-1 1.3310.337° 0.522+0.116" 1.2200.079"
2-HIFE T 96-17-3 1.76240.990° ND ND
P (18F)
ARHI 100-51-6 0.625+0.205" ND ND
2-Z I 104-76-7 0.746+0.339" 0.833+0.239" 2.335+0.390°
2-F 33T M -2- T 115-18-4 ND 1.515+0.226° 1.449+0.123°
1-T-47-3-1% 21964-44-3 0.272+0.068° ND ND
eI 1632-73-1 ND 0.3640.090° ND
2-TH-1-BE 22104-79-6 1.76140.649" 2.710+0.762° 4.248+0.327°
2-H B 17 el 2490-48-4 ND 0.808+0.123° 0.879+0.118°
13543l 3391-86-4 0.262+0.065" ND ND
3- 1 gl F 4412-91-3 0.210+0.039° 0.260+0.060° 0.735+0.085°
SRR 556-82-1 0.289+0.051° 0.528+0.157% 0.910£0.229°
[t 57-55-6 0.683+0.280° ND ND
2- K H-2-TNEE 617-94-7 0.323+0.009° 0.289+0.081° ND
SR 67-63-0 5.171£1.193® 4.313+0.680° 6.7001.039°
IETEE 71-36-3 0.370+0.152® 0.213+0.068° 0.761+0.109*
3-F -3 T 1 763-32-6 0.24620.006 0.291+0.059® 0.654+0.243"
TR 78-92-2 ND ND 3.627+1.118°
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Xof HERE GSHff R ADFitffFE
T 98-00-0 0.210+0.039° 0.254+0.053" 0.678+0.061°
a-FATHEE 98-55-5 ND ND 1.063£0.074*
& (177H)
2-JR 110-43-0 0.945+0.238° 0.828+0.237° 2.171£0.599°
FH 5L P d i 110-93-0 3.560+0.662° 0.920+0.341° 4.611+£1.962°
YR LN 116-09-6 0.848+0.295° ND 2.989:+0.143"
RN 120-92-3 0.424+0.172° ND ND
TA-2-H 3E-3(2H) -HEW R 13679-85-1 0.255+0.089" ND ND
3-H%£-2-(5H) -BR IR 22122-36-7 2.35420.059° 0.732+0.380° 1.444+0.603®
-3 M-2 - 3102-33-8 0.155+0.054° ND ND
A TR 3796-70-1 1.101£0.265" 0.413+0.189° 1.801£0.259°
R AL SR 3879-26-3 1.085+0.276° 0.487+0.202° 1.811£0.245°
2,3- T H 431-03-8 12.174£2.914° 18.542+5.091° 17.036+1.988°
2(5H)-IK I 497-23-4 0.296=0.104° 0.209+0.040° 1.199+0.067°
2-FR -3~ 5704-20-1 0.426+0.026° 0.790+0.151° 4.456+1.177°
2,318 T 600-14-6 1.485+0.201° 1.580+0.187° 10.289+0.717°
IR 67-64-1 4.019+1.503° 3.770+0.331° 7.955+2.037
L 2 78-93-3 13.368+0.411° 2.266+0.343¢ 5.329+0.303"
2-T-{ifi 821-55-6 0.255+0.071° 0.456+0.344° 0.577£0.196°
2- IR TR 930-30-3 0.177£0.029" 0.082+0.052° ND
fike(4Ff)
AR R 1 i 112-39-0 0.223+0.033" 0.394+0.074® 0.547+0.131°
LR 141-78-6 0.216+0.015" 0.256+0.045" 0.502+0.043*
KPR 622-46-8 1.747+0.322° ND ND
AR R 5 TR 84-69-5 2.983+0.884° ND ND
I (3R
3-SR0 I -1 3R 555-10-2 ND ND 0.379+0.152*
() A7k 5989-27-5 2.555+0.408" 2.960+1.120° 9.568+0.717°
PRI 99-85-4 0.142+0.031° 0.160£0.014° 0.273+0.035°
(1)
ZHEE = 3658-80-8 0.244+0.059" 0.378+0.147* 0.352+0.244°
fik 2 (2Ff)
TR T 624-92-0 6.889+2.432° 8.686+0.550° 11.804+1.314°
Bk 75-18-3 0.365+0.204° 0.233+0.027° 0.171£0.015°
LGP (6F1)
4-HIEEnEE 108-89-4 ND 0.024+0.005" ND
Mg 109-97-7 0.197+0.076" ND ND
LS 120-72-9 ND 0.047+0.018* ND
2-Z HEIK g 3208-16-0 ND 0.236+0.068" ND
2-1F A 3777-69-3 ND 0.048+0.017° 0.263+0.094°
2,5~ L) IRy 625-86-5 ND 0.316+0.032" ND
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Fig.4 Effect of proteases on the content of volatile substances
in high-protein fermented milk
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Fig.5 PLS-DA analysis of volatile substances in high-protein
fermented milk
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Fig.6 Analysis of key volatile compounds in different high-
protein fermented milks
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Table 8 OAV analysis of differential aroma components of
volatile substances in high - protein fermented milk

X OAV
Fams cas D ST it
(ng/100 g)  sfHERe .
ekt ke
IR REE 624-92-0 0.03 6.89 11.80 8.69 WlfbK
1F AR 109-52-4 24 0.65 577 270 WiE&ER
BIAE  116-09-6 1000 0.85 299 0.00 fEHEK
3L 2 78-93-3 2400 1337 533 227 REK
TR 107-92-6 5 075 595 275 THE§ER
FEEBIAT 110-93-0 5 356 461 092 G
2-F2 331 5704-20-1 2500 043 446 079 YFLIER
iy 78-92-2 330 0.00 3.63 000 AR
L] 67-64-1 4 402 795 377 REUK
MEER  544-63-8 1000 0.00 506 000 JRVER
IR 65-85-0 100 0.00 569 068 AR
(H)-F%  5989-27-5 1600 256 957 296 HIMEER
23- " 600-14-6 0.03 149 1029 158 EihER

3-F3-2- TR 513-86-0 1.4 30.15  72.09 35.55 ik

s B SR KR T Gestel A 711 Aroma office odor database XU &4 4
1 H UL AL,
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