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Abstract: In order to improve antioxidant activity of mulberry leaf protein (MLP), Alcalase, Protamex, Papain, Flavourzyme, Neutrase,
and Trypsin were used to hydrolyze MLP. Effects of different enzymes on the chemical composition, molecular weight distribution, peptide
yield, amino acid composition, radical scavenging activity and reducing power were investigated. Results showed that mulberry leaf protein was
mainly composed of the fractions above 6.5 ku, while MLP hydrolysates were rich in the fractions of 0.3~0.6 ku and 0.6~6.5 ku. Limited
hydrolysis of MLP could lead to higher antioxidant activity than extensive enzymatic hydrolysis. The radical scavenging activities of MLP
hydrolysates were significantly correlated with the peptide yield (r=0.916~0.985). Hydrolysates prepared with neutrase, alcalase, and protamex
showed significantly higher antioxidant activity than that of MLP and the other three hydrolysates. Meanwhile, the antioxidant activity of
Neutrase hydrolysates was significantly better than the complex hydrolysates. Furthermore, the condition of an enzyme to substrate level of 1%
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(W/W), substrate concentration of 20 mg/mL and a hydrolysis time of 2 h was found to be the optimum conditions to obtain Neutrase
hydrolysates (NH) with the highest antioxidant activity. In the further research, the antioxidant peptides of MLP will be prepared by Neutrase,

and NH may be a promising antioxidant in food.
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Table 1 The optimal hydrolysis condition of six proteases

75 B A MEE FMEEE (10°U/g)  F&tEpH RET/C  ES
1 Alcalase 3AU/g 56.80 8 55 60000
2 Protamex 1.5AU/g 10.60 7 55 60000
3 papain 800 U/mg 0.28 7 55 60000
4 Flavorzyme 500 LAPU/g 0.81 7 50 60000
5 Neutrase 0.8 AU/g 6.76 7 45 60000
6 trysin 250 U/mg 1.70 8 37 60000

1.3.3.2 MLP XU el = 2 A i
*2 RHEANE AR
Table 2 Multiple enzymatic hydrolysis of mulberry leaf protein
o Ea b pH BE/C B i) E/S

Y1 Alcalaset+Flavorzyme 8/7 55/50 0.5h/2h 60000

Y2 Alcalasetpapain 8/7 55/55 0.5h/2h 60000

Y3 Alcalasettrypsin 8/8 55/37 0.5h/2h 60000

Y4 Neutrase+Flavorzyme 717 45/50 2h/1h 60000

Y5 Neutrase+papain 7/7 45/55 2h/1h 60000

Y6 Neutrase+trypsin 7/8 45/37 2 h/1h 60000

Y7 Neutrase+Alcalase 7/8 45/55 2h/0.5h 60000

Y8 Neutrase+Protemax+Alcalase 7/7/8 45/55/55 1 W1h/05h 60000
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Fig.1 Hydrolysis degree and soluble peptide yield of mulberry

leaf protein hydrolysates with different individual proteases
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Table 3 The chemical composition and degree of hydrolysis of mulberry leaf protein hydrolysates

L e DH EAEE/% EaiFE  BAE(g100g)  BENER %/(g GAE/100 g)
- MLP - 75.204+1.24° - 4.04+0.31¢ 2.0940.05¢
Alcalase AH 23.19£1.06"  80.39+1.31° 93.06+2.12° 5.19+0.16° 3.54+0.02b"
Protamex PrH 25.67£0.60°  79.55+2.63" 92.9142.06° 6.42+0.40° 3.58+0.19"
Papain PaH 19.44+0.02°  70.78+3.00° 66.43£1.21° 6.1240.62" 2.64+0.01°
Flavourzyme FH 18.08+0.19°  74.73+2.69° 77.47£1.56° 5.08+0.39° 2.68+0.11°
Neutrase NH 23.83£0.22°  79.52+321° 91.57+3.06" 6.42+0.28" 3.3340.24°
Trypsin TH 11.93£042°  64.79£2.31° 50.62:2.024 8.03+0.47° 3.83+0.12°

7Z: 1.MLP: #rt%&#; AH. PrH. PaH. FH. NH. TH A4k MLP st & & Bafgdn. 268 a8BMdh. ANEGiBEY.
FerEaiafidy. + & aiafphZiekaisitth; 2.TPC: $@a2; 3.4h ek, ND RFALME; Fl—7 ¢ R FEHL
TEHALZ A AR E M Z R (p<0.05).
4 BERIERRRInE NIRRT
Table 4 The correlation analysis of various physicochemical indexes and antioxidant indexes
B A TRAL

44k YSP - — &R FatE EafFFE  DH B8 E&
DPPH-  O,-  ABTS™
YSP 1 0916%* 0985% 0.956** 081 0.572 0.59 0528 0127 081
DPPH: 1 0.944™ 0923 09657 0300 0.325 0214 0375 0.929%*
0, 1 0957 0.864" 0.578 0.599 0522 0147 0811
ABTS™ 1 0.882°  0.552 0.566 0434 0104 0759
ER A 1 0.201 0.227 0.089 0447  0.865
Ea4E 1 0.999”  0939" -0649  0.01
EaiFE 1 0943 0622  0.034
DH 1 20512 -0.015
BHE 1 0.584
EByr 1

JE: YSP: UAMIKAZEZE; DH: 4h Me9/KRME; *4£ 0.01 49KF L () BEARFE; */£ 0.05 K F L () SEARE,
223 HBEEEIE M oTFEN AN T LR
=5 BEMNSTENT

Table 5 The molecular weights of mulberry leaf protein hydrolysates

B IG35ku)  T(6.5~35ku)  III(0.5~6.5 ku) IV (0.3~0.5 ku) V(<0.3 ku)
MLP 2527 20.82 36.50 15.11 23
AH 1.09 ND 58.93 31.16 8.82
PrH 1.56 ND 56.08 32.07 9.29
PaH ND ND ND 84.50 15.50
FH ND ND ND 94.61 535
NH 1.74 ND 59.08 26.88 12.30
TH 9.27 5.66 55.02 2432 5.73

S HE S S BE ) R ATINER 5 B FIE o LR BN, 5 V BEE RN, X EHRAL
7o MLP #7045 AR 1(>35 ku). 11 (6.5~35 ku)- HEA] DL R 7 B R E RN TR 2 K
I (0.5~6.5 ku)+ IV (0.3~0.5 ku) K& V (<0.3 ku). SRS IR 6 Mg, RA TH &7
KfEIE, o1 545 1 o BERFRE 15 1V Moy 1 585 1 (14.90%), FRUIRE ARG
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(IR f e 1A o

224 P EEREIEY 6 BB AR,

MLP &b ARl ARG KRG, e LR oA B
Ak BR T NH K& TH 4b, HARFEMPESEER S &
TAA ¥ E R, Hrp FH & PaH KA R .
XFEESEHT MLP Sitlgis, 74T /M1 rIk
N IR, XL/ N R IE NI R A R

B, MIMI{E TAA B#AIK. FHEE 5 I %1, MLP 45 Papain
J% Flavorzyme Bfiffc, Koy R KRR MK 22
T REENR, MM EIERIURER, TAA BEMK
K. Ao ZPIURFRLEN], BREALERIRLIER, ¥
BYS LR 2Bk, SRS & B A FRIK (p<0.0D).
At Glu BoNFE, Asp IRZ (PaH BRI
KRR (HAA) 15, TH. NH. PrH J AH
SRS ER Leu. Ala. Val & Phe, H HAA &
©# T PaH & FH (p<0.05). 75 & RARER (AAA)
TSRS Z AL, B, NH. AH & PrH 5
FERR AL, SH R, PaH ) Met JZ
Ala Z 855, Tyr X Cys & ERIK.

%k 6 RMEAQRHERS~YSERRLERR
Table 6 Amino acid compositions of mulberry leaf protein hydrolysates

s AABLF/(gkg & G)
MLP AH PrH NH FH PaH TH
Asp  107.10£6.50°  82.10+3.80°  84.60+5.60°  100.55:1.23°  64.50£1.60° = 36.40+130°  101.20+2.51°
Thr 58.90£1.51*  42.10+1.10°  43.10+£1.70°  49.9042.35®  32.50+1.41°  31.70£3.10°  52.00+2.20°
Ser 55.00£2.11°  37.70£4.20°  39.00+1.60°  45.90+1.54°  29.60£0.60°  36.40+220°  48.60+3.10™
Glu 144505674  116.30£7.20°  118.90+420°  129.0043.53° 93.70£2.50°  100.00+4.60°  139.10+7.10%
Pro 50.20£0.54"  40.30£1.50°  41.10£1.00°  46.70+0.91°  30.40+0.80°  28.90+1.10°  48.20+4.00°
Gly 63.40£3.01°  50.60£3.10°  52.1042.60°  54.10£3.51®  40.0£1.9¢  29.70+1.50°  60.20+2.20°
Ala 587042320  48.00£1.20°  49.40+£3.60®°  50.20£1.42%  35.10£1.30°  62.90+4.30°  53.60+4.20%
Val 30.70+1.34°  3630£1.62°  3290£1.70°  38.004.01°  29.40+1.60°  11.70+0.50°  34.70+2.20°
Met 10.80+£1.09°  1590£1.31%  16.80+1.10°  16.50+1.62°  12.60+1.20°  22.50£1.61°  12.20+0.60°
Tle 31308250 382042.30°  36.50£1.60°  38.10£1.98°  34.10+2.10°  37.80£1.81°  37.70+3.60°
Leu  63.90+4.01%  6920£5.61°  67.40£4.20°  6530+3.65°  51.80£3.10°  47.00£1.70°  67.60+5.30°
Tyr  4220+£3.58°  42.60+4.11°  42.80+2.60°  42.90+1.54®  3500+1.81°  16.00£1.00°  50.50+4.60°
Phe 3340£1.01°  3840+£5.12°  40.60£2.30" 34504223  26.70£1.31°  34.80+2.61°  34.40+2.40°
Arg 38.90+1.69°  31.80£1.61%  3580+2.10°  39.30+£3.22°  25.10+1.80°  9.40+1.10° 39.442.6"
Lys 16.80£1.43%  12.90+123*  1520£1.70°  16.40£1.22°  9.80+0.60°  14.10£1.60°  15.10+1.30°
His 350042.50°  31.40£1.90°  32.80£2.30"  37.504£2.57°  21.103.11°  21.50+£1.30°  32.40+2.50°
Cys 18.70+1.81° 8.40£0.61° 10.10£1.30°  1530£1.51°  7.10£0.70° 4.200.50° 11.80+1.60°
HAA'  339.90+8.01° 337.30+10.10° 339.60+8.60°  347.50+4.01*° 26220+520° 265.80+630°  350.70+13.20"
AAA?  7560£3.54"  81.00+4.20°  83.40+2.80°  77.40+422°  61.70£1.40°  50.80£2.20°  84.90+5.60°
TAA®  859.50+10.24° 742.20+14.10°  759.10+£14.60° 820.10+£6.02°  578.5+12.1°  545.00+£14.61°  838.70+24.00°

JE: LK MREIAE (Ala. Val. Ile. Leu. Tyr. Phe. Pro. Met & Cys) ; 2.5 %% &M (Phe A Tyr) ; 3.5 RALH
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