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Technological Optimization for Alcalase Hydrolysis of Ryegrass
Leaf Protein Concentrate (LPC)
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Abstract: The effects of pll, temperature and proportion of enzyme to substrate (E/S) on the hydrolysis of ryegrass leaf protein
concentrate (LPC) withalcalasewere investigatedby single factorsandls (3') orthogonal test. Theresults indicated that the optimal
pH, temperature and E/S for hydrolysis of ryegrass LPC were 10.5, 45 °C and 1750 units per gram respectively. The protein
hydrolysate analysis was performed by high performance 1iquid chromatography (HPLC). There were 7 kinds of peptides. Their
relative molecular weights are between 102 and 14502 and most of them are 249, accounted for 21. 13%. Amino acids analysis
was performed by automatic amino acid analyzer (AAAA). The total content of free amino acids in hydrolysates accounted
for 3. 233%. The proportion of essential amino acids to total free amino acids is 30. 776%, while the proportion of sapor
amino acids to total free amino acids is 38. 324%, and the proportion of drug—effective amino acids to total free amino acids
is 75. 286%.
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1 Introduction

Ryegrass, one of the most important pastures cultivated
in theworld, isof increasing interest as a source of available
proteins. LPC(leaf protein concentrate) can be obtained from
fresh ryegrass!. The contents of Ca, P, Mg, Fe, Zn in LPC are
very high, about 5~8 times higher than the seed of several
plants. The contents of carotene and lutein in LPC are re—
spectively 20~30 times and 4~5 times higher than the
other leaves. LPC has no cholesterol, but many physiologi—
cal functions such as health and physical fitness
improvement. It is considered as a high—quality food by FAO,
and also a new type of high-value protein resources in the
future?*,

Protein can be modified by enzymatic hydrolysis, yet
altering, for instance, solubility, emulsionand foam proper—
ties?. It has been reported that protein hydrolysates could be
served as suitable sources of protein for human nutrition
because of their gastrointestinal absorption, especially
dipeptides and tripeptides which seem to be more effective
than both intact protein and free amino acids'®. The experi—
ment of EWA D. Marczak!™ showed that the hydrolysates of
spinach LPC hydrolyzed by pepsin and pancreatin showed
anti—blood pressure effect on high-blood pressure mice,
but spinach LPC itself had no impact on it. Therefore, in
order to improve nutritional and functional properties of
protein, protein hydrolysates have been widely used in

specificformulation.
2  Materials and Methods

21  Materials

Ryegrass LPC: They were self-refined from Ryegrass
which was harvested from Fan Chang cow farm (59.93% crude
protein, calculated as N%X6. 25).

Proteolytic enzyme: The enzyme was alcalase (bought
from WuXi), a protease of Bacillus Ilicheniformis with
endopeptidase activity. The main component of the com—
mercial preparation was Serine protease subtilisinA.

22  Calculation of the degree of hydrolysis (DH)

The hydrolysis was carried out using the pH-stat
method. DH was calculated as follow:

DH%= (h/hiot) X 100%= (Vi X C X 100%) / (V2 X N X huot)

Where Vi represented the volume of NaOH required to
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maintain constant pH in ml; C represented the molarity of
NaOH (mol/L); V. represented the volume of LPC in ml; N
represented the concentration of LPC(g/ml) ; hw: represented
the total number of peptide bonds in the protein substrate
(mmol/g). The hw: was calculated by using formaldehyde
titration method described by Zhao Xinhuai®.
23  Molecular weight determination

The average molecular weight was determined with
HPLC. The molecular weights were determined by compar—
ing the retention times with those of standard peptides in a
TSKgel 2000 SWXL300 nmX7.8 mm column in Waters 600
HPLC (allocating 2487 UV detector and M32 work station).
The following standard peptides or proteins were used: cy—
tochrome C (MW=12500), bacitracin (MW=1450), Gly-Gly-
Tyr-Arg (MW=451) and Gly-Gly-Gly (MW=189). A buffer in
ratioacetonitrile:water: trifluoroaceticacid=45:55:0. 1 (V:V:V)
was used as the elution solvent witha flow rate 0. 5ml/min. The
temperatuer of the column was 30°C. The peptides in the
effluent were monitored with a UV detector set at 220 nm.
24  Amino acid analysis

Amino acid analysis was performed using ion exchange
chromatography following the release of amino acid from
protein by hydrolyzing 60 mg of the sample mixed with 8 ml of
6NHC1. The hydrolysation was done under vacuum at
110 °C for 24 h. After cooling the hydrolysate was washed in
distilledwater filter and dried inarotary evaporator at 60 C.
The dried samples were then dissolved in 0.01 N HC1. The
amino acids in hydrolysate were separated and quantified
by injecting 5ul into a Hitachi 835-50 amino acid analyzer
equipped with a 2.6X 150 mm ion exchange column. The
column temperature was 53 ‘C. Sodiumcitrate buffer was used
as eluent with a flow rate of 0. 225 ml/min. The light absor-
bance of amino acid was detected at 570 nm and the amino
acids were quantified by comparing them with amino acid

profiles from external amino acid standard.
3 Results and Discussion

31 Effect of E/S on DH

The effects of E/S on the DH of ryegrass LPC were
shown in Fig. 1.

In general, DH increased with increase in E/S. When E/
S was 1750 U/g, DH increased markedly. However, further

increase in E/S, the DH increased slowly. So E/S was
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Fig.1 Effects of E/S on DH

determined as 1750 U/g initially.
3.2  Effects of temperature on DH
The effects of temperature on the DH of ryegrass LPC

were shown in Fig. 2.
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Fig.2 Effects of temperatures on DH

As shown in Fig. 2, when temperature was 45 ‘C, DH
increased markedly. If further increase in the temperature,
DH declined on the contrary. So the optimal temperature for
the hydrolysis of ryegrass LPC was 45 C.

33  Effects of pH on DH

The effects of pH on the DH of Ryegrass LPC is shown

inFig. 3.
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Fig.3 Effects of pH on DH

As shown in Fig.3, when pH value was 10.5, DH
increased markedly. For further increase in pH, DH decreased
on the contrary. So the optimal pH for the hydrolysis of
ryegrass LPC was 10. 5.

34  Orthogonal test

According to the above results achieved from a single
factor assay, the hydrolysis conditions including E/S, pH,
temperature and reaction time were further optimized with an
orthogonal layout Ls (3%). The effects of the four factors on DH

were shown in Table 2.

Table 1 Design factors and levels in experiments
Level Factor
E/S pH Temperature ('C) Reaction time (h)
1 1250 10.0 40 8
2 1750 10.5 45 9
3 2250 11.0 50 10
Table 2 Lo(3) orthogonal test results
Serial number  E/S pH Temperature (‘C) Time(h) DH (%)
1 1 1 1 1 8.00
2 1 2 2 2 11. 20
3 1 3 3 3 10. 30
4 2 1 2 3 11. 46
5 2 2 3 1 11.50
6 2 3 1 2 9.65
7 3 1 3 2 8.84
8 3 2 1 3 10. 07
9 3 3 2 1 11.35
K1 29.50 28.30 21.72 30. 85
K» 32.61 32.77 34.01 29.69
Ks 30. 26 31.30 30. 64 31.83
ki 9.83 9.43 9.24 10. 28
ko 10. 87 10. 92 11.34 9.90
ks 10. 09 10. 43 10. 21 10. 61
R 1.04 1.49 2.10 0.71

Note: Relationship among major factors Ri>Rm>Res>R..

Table 3 Variance-time analytical tables with assay of pH-stat
method
. Sum of Degree of Mean F . .
Variance source A Notability
square freedom square Value
A 1.76 2 0.88 2.28
B 3.46 2 1.73 4.49 A
C 6.61 2 3.30 8.58 A
D 0.77 2
Error 0. 00 0 0.38
Correcttotal 12.59 8

Note: Fo.or (2, 2) =99. 00, Fo.os (2, 2) =19. 00, Fo.10 (2, 2) =9, 00, Fo.os <2, 2) =3.00.

If: F > Foes Factors were significant specially * %k
Fos=F > Foiw  Factors were notable *
Fow=F > Fos  Factors had an impact on index yAN

Fox=F Factors had no effect on index

It was obvious from the analysis of capacity and
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variance—time above orthogonal test. The relationship with
major factors was Rr>Rmu>Res>R:. The optimum combi-
nation of the hydrolysis condition was T:pH:E/S:ts. The
optimal hydrolysis conditions were 45 °C, pH10.5, and E/S
1750 U/g and 10 h for alcalase hydrolysis of ryegrass LPC. The
most important factor was the temperature.
35  Molecular weight distribution

Acollectionof illustrative plateswithHigh Performance

Liquid Chromatography was shown in Fig. 4.
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Fig.4 Collection of illustrative plates of RLPC by HPLC

Table 4 Different molecule weight peptides included in RLPC
hydrolysates

Retention time of peak (min) M P Area (%)
11. 067~12. 900 14502 6. 64
12.900~14. 133 5127 7.82

14. 133~16. 067 1951 15.48

16. 067~17. 117 1388 9.12
17.117~18. 783 618 14. 95

18. 783~21. 033 249 21.13
21.033~22. 983 102 12.58

The distribution of relative molecular weights of hy—
drolysates could be shown in Fig.4. The proportion of
peptides with different molecular weight is shown in Table 4.
There were 7 kinds of peptides in the protein hydrolysates by
HPLC. Their relative molecular weights were between 102 and
14502 while most of them were 249 accounted for 21. 13%.
36 Amino acids composition

The contents of amino acid in hydrolysates were shown
inTable 5.

The profiles of Automatic Amino Acid Analyzer
(AAAA) showed that the total content of free amino acid in
hydrolysates was 3. 233% and the proportion of essential
amino acids to total free amino acids was 30. 776%. The
proportion of sapor amino acids to total free amino acids was
38. 324%, and the proportion of drug-effective amino acids to

total free amino acids was 75. 286%.

Table 5 Contents of amino acid in hydrolysates
. . Content in . . Content in
Amino acid Amino acid
hydrolysates (%) hydrolysates (%)

Asp? 0. 455 Phe** 0. 222
Glu® 0. 784 Tle¥ 0. 111

Ser 0. 191 Leu** 0.412
His* 0. 003 Lys** 0.078
Hly* 0.122 Pro 0. 221
Thr** 0. 093 T 3.233
Arg® 0.075 E 0. 995
Ala 0. 283 F 1.239
Tyr 0. 088 A\ 2.434
Cys—s 0.016 E/T 30. 776
Val** 0. 005 F/T 38.324
Me t** 0.074 V/T 75. 286

Note: *represented necessary amino acids. #represented drug—effective amino
acids. Trepresented total content of aminoacids. Zrepresented content of
necessary amino acids. Frepresented sapor amino acids, included asp and

glu. Vrepresented content of drug-effectiveaminoacids.

4  Conclusion

The optimal conditions for hydrolysis of ryegrass
LPC with alcalase were obtained. Temperature at 45 C,
pH at 10.5 and E/S at 1750 units per gram were beneficial to
hydrolysis of ryegrass LPC with alcalase. There were 7 kinds
of peptides in the protein hydrolysates. Their relative mo—
lecular weights were between 102 and 14502. Most of them
were 249 which accounted for 21. 13%. The total content of
free amino acids in hydrolysates was 3. 233%. The proportion
of essential amino acids, sapor amino acids and drug—
effective amino acids to total free amino acids were 30. 776%,
38. 324% and 75. 286%, respectively.

It is obvious that the enzymatic hydrolysis is a way to
improve the functional and nutritional properties of the
products and it is of great importance with respect to food

application of proteinhydrolysates.
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Study on Enzymatic Hydrolysis of Lactose in Whey

XU Ning, SUN Bo, CHI Yu-jie*

(Food College, Northeast Agricultural University, Harbin 150030, China)

Abstract: Bad solubility, low saccharinity of lactose and lactose intolerance have caused low availability of whey. Now B~
galactosidase was applied for hydrolysis of lactose inwhey. The treated lactose inwhey improved saccharinity and solubility
thus easily utilized. Papers studied the effects of initial lactose concentrations and enzyme dosage, temperature and pH on
degree of lactose hydrolysis. Orthogonal test was designed to identify optimumhydrolysis conditions for yieldingmost monomeric

saccharides. The optimum conditions of hydrolysis for lactase was that substrate concentration 15%, 40 ‘C, 3hand of lactase

dosage 90 U/g. Under these conditions the hydrolysis degree is 68%.

Key words: whey; lactose; hydrolyze; lactase
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