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Abstract: Fresh broad beans were processed to clarify the differential effects of five drying methods (vacuum drying,
vacuum freeze-drying, blow drying, natural air drying, and pan drying) on the chemical composition and protein functionality.
The effects on chemical components (including crude fiber, polysaccharides, essential amino acids, and total polyphenols)

and protein functionality (including solubility, foaming capacity, emulsifying stability, water-holding capacity, and viscosity)
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were systematically analyzed. The vacuum-dried products demonstrated the highest contents of crude fiber (3.79%),

polysaccharides (3.75 mg/g), and essential amino acids (20.37%). Pan-dried samples exhibited the highest maximum total

polyphenol level (3.83 mg/g), whereas vacuum freeze-dried beans demonstrated the highest soluble protein content (12.77%).

Vacuum freeze-drying minimally affected protein functionality, resulting in products that demonstrated superior solubility

(0.087 mg/mL), foaming capacity (27.95%), oil absorption (10.00 mg/mL), and gel retention (19.17 g) compared to beans

dried using other methods (P<0.05). There are distinct advantages to using vacuum drying for nutrient preservation, as well

as vacuum freeze-drying for maintaining protein functionality. The findings of this study provide scientific guidance for

selecting appropriate drying technologies in bean processing and establish the theoretical foundation for targeted production

of functional broad bean products.
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F1 AMARTFHAETEEKRTAEEN
Table 1 Change of water content of broad bean under five different drying methods (X = SD, n=3)

TR REAME  HF25min AFEFHRI18h  HNFHE21h AFAAEFIE25h AARNT 4d
KEE % 11.07 £0.04 11.47 £0.06 15.97 £0.03 13.10 £0.19 14.75 £0.25

xR2 AMARTFTHRAETEEENERSETL

Table 2 Change of conventional nutrient content of broad bean under five different drying methods (i:i: SD, n=3)

a2 /(g/100 g) *F AETR HAT )R A AT AR BT
RoeE 3.31+0.17 3.16+0.14 3.04+0.21 3.13£0.08 3.43+0.15
FALF 4 1.16£0.100  3.79+0.117  237+0.58°  1.44+0.26 4.14+024"
EaReE 5.34+0.21 13.04£0.95 133+3135 104131 14.99 +1.24

E: FP<0.05 AT AEAFMHRE, #P<0.0]l ATEFHMIE,
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x 3 AMARETRAXNNEENFM BN
Table 3 Effects of five different drying methods on chemical components of broad bean (X= SD, n=3)

1 R4 /(mg/g) K AmTiR FOF R H ARF AR RTR
EEHAeE 3.83+0.11°  3.40%0.06 2.75+0.33 3.26+0.03 3.57+0.13
BEEA 0.54+0.06° 1.13%0.11" 1.23+0.22" 1.27 £0.03 1.18 £0.04"
MBS T 123+0.13°  3.75+0.13 238+0.41 1.72+0.03 1.60 % 0.03"

TakEa ST 3.72£0.10°  8.91+0.25 9.85+0.34" 12.03 +0.35 12.77 £0.28

JE: *P<0.05 A EFHRE
R4 AMHARTFHAETEERERSET

Table 4 Changes of amino acid content of broad bean under five different drying methods ()Z:I: SD, n=3, mg/g)

R RE T4 7 ik
kS fa ARF AEFB AEAATHR  BATR *F
EN 0.074 0.034 0.022 0.040 0.024
Hy 2 ER 0.077 0.076 0.139 0.080 0.063
FES 4 0.007 0.012 0.020 0.00 0.029
) NE=§ 3 0.003 0.001 0.001 0.002 0.001
F R BR 0.012 0.000 0.000 0.000 0
AR 0.02 0.005 0.003 0.005 0.000
¥ 0.034 0.026 0.026 0.038 0.025
H R 0.024 0.015 0.005 0.017 0.003
IH R 0.025 0.019 0.010 0.018 0.002
F2 I 2 BR 0.00 0.000 0.000 0.001 0.000
Ei i 0.00 0.003 0.001 0.003 0.001
TR 0.004 0.004 0.003 0.004 0.002
R 0.035 0.021 0.011 0.022 0.003
BRI 0.002 0.003 0.000 0.002 0.000
B R4 0.00 0.000 0.000 0.000 0.000
SR 0.014 0.01 0.008 0.012 0.003
e 0.004 0.004 0.003 0.000 0.002
X 0.028 0.02 0.007 0.022 0.005
IR 0.032 0.020 0.008 0.022 0.004
&R 0.007 0.006 0.003 0.005 0.001
& 2R 0.021 0.015 0.008 0.016 0.006
R 0.010 0.008 0.005 0.009 0.004
ENA 0.074 0.034 0.022 0.040 0.024
A RR 0.077 0.076 0.139 0.080 0.063
RARBR 0.007 0.012 0.020 0.00 0.029
) NE=§i3 0.003 0.001 0.001 0.002 0.001
kR ER 0.012 0.000 0.000 0.000 0
AR TR 0.02 0.005 0.003 0.005 0.000
2B 0.034 0.026 0.026 0.038 0.025
H &R 0.02 0.015 0.005 0.017 0.003
2R IR 0.025 0.019 0.010 0.018 0.002
FARESF (TAA) 0.452 0.319 0.295 0.334 0.190 5
% FH BIR A F (EAA) 0.087 0.065 0.036 0.061 0.023
IE & F BB AF (NEAA) 0.365 0.254 0.258 0.273 0.168
EAA/TAA/% 19.247 20.376 12.203 18.263 12.074
EAA/NEAA/% 23.836 25.591 13.954 22.344 13.691
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®5 AMARTHAETEEREHRIETN
Table 5 Changes of fatty acid content of broad bean under five different drying methods (X+SD, n=3, pg/g)

W o ‘ x Fﬂ\‘?%‘]ff‘/‘%
B AT AxFR AR RTIR HORNF B * T
+ = 0.18 0.16 0.04 0.09 0.12
R 6.15 6.52 5.01 5.99 7.02
M 2 AR 234 2.5 2.72 8.13 12.66
+ AR A 9.06 8.36 7.9 8.38 9.38
NA-10- %, =¥ B4 9.66 9.42 10.57 8.22 9.34
A AR B 709.33 640.12 605.29 678.63 718.73
AZAE b BR 0.32 0.6 1.56 0.74 0.87
+ kB 8.71 8.64 8.2 8.57 9.56
SR 70.83 65.98 5831 66.81 73.39
B 861.76 881.19 878.13 923.86 924.69
Tk R 3325.17 3241.9 3227.85 318132 361037
T FREL 212.26 230.8 196.27 207.15 246.47
TR 45.65 44.85 4437 46.12 48.64
IR 11- =+ B b B 20.27 17.17 16.79 18.38 19.98
IR 11,14- =+ 3% =M B F di 5.83 6.07 6.01 5.97 6.72
s 30 9.16 9.13 9.05 8.64 9.32
MR 11,14,17- =+ 8% = KB 7.89 11.05 16.07 6.7 11.06
R 5,8,11,14,17- =+ 8% & K 9.22 9.56 9.11 9.4 9.44
MK, 13,16- =+ =k —FsBh 1.89 1.74 441 1.35 2.09
+ = 11.85 12.7 13.07 11.71 13.49
+ s 2.7 2.61 5.42 2.08 2.8
RE W B8 %4% (TFA) 5330.24 5206.07 5120.13 520825  5046.15
tofa i i A& (SFA) 870.93 791.46 751.24 834.94 189.66
oA R i 4% (UFA) 445931 4 414.61 4368.89 43733 4 856.49
¥ oA s B (MUFA) 894.35 910.88 909.76 959.33 967.54
% RiofaBg L (PUFA ) 3564.96 3503.73 3459.13 341397 388895
Jig iy BB % 0.18 0.16 0.04 0.09 0.12
SFA/TFA/% 11.34 15.20 14.67 16.03 3.76
UFA/TFA/% 83.66 84.80 85.33 83.97 96.24
MUFA/TFA/% 16.78 17.50 17.77 18.42 19.17
PUFA/TFA/% 66.88 67.30 67.56 65.95 77.07

KHARFTH 73RS, HEEFSEXR
MR AR UR T8 > AT > s T >
HARRT > 1, H 5 Ml i+l
S B R RS (P <0.05vs HAA
KT, 5054 mg/g, METTE. BATHE. B
AR TR TR 2R S R R AR IR
Fem (P <<0.05 vs HARRKT), 208 113, 1.21

M 1.23 mg/g, 5 FFIEIT1E N ESA G TR T &
SRS RN, 58S PR BT
(0.74%~1.88%) o

K TR F T H 7 e G s, &9
ZREEERMMRUCN : BT > BT R R T >
TR > BT > T, KT THm R s~
i fH 2 B S R E PR R (PP <<0.05 vs HAA KT,
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N 1.23%, TSRT R LS A T T H K & S
P RS EEE RS (P<0.05 vs HARRT),
43R 2.38 A1 2.81 mg/g, o LA 45T 1 A
S S ER A, N 3.75 mg/g.

FRASE BT 07 X mE R E AN S E
ZRBEFE (FP<0.05). HPEEAETET R
THAEMEATERE, N12.77%; PTIF
O ANEEEA S ERIK, N 3.72%.

213 ZaaABReZTHRA

2888 i RO U — TR RS AT b e, BASE
FRVETHEARE S B . TR R g i Ay
RERMFEIINR 4 s, ASFEFH) ka8 )G &
SO 22 AR, G4 8 M TR AR AN 14
FEL FREAER. Hh O HEER S = AR S
B BT R RN 20.37%, K0T
B e 11.83%, SRR X = it A L
5 22 AR K43 5N 19.32% £ 18.27%, B AET
s i I = T2 N 12.39% 5 bR A LR
AR T E R A A TR B A
N 25.58%, KBS LB ERAKN 13.41%, HIRK
FRBRTFERERAK, BEAHETERES WS T
R Tip
214 HEBHREEHZA

LA B - FUS AT e, AR E
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Fig.1 Effect of different drying methods on the solubility

of broad bean protein
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