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Abstract

Detoxified and deallergenized castor bean protein isolate was prepared from defatted castor

bean pomace for use in animal feedstuffs and human foods. Succinylation and acetylation
of the e-amino groups of the protein improved markedly the water solubility of the protein
at pH 7~8. The results of the amino acid analysis of the protein isolate revealed that the
sulfur-containing amino acids and L-lysine were limiting amino acids and that succinylation
and acetylation caused some little loss of the amino acid content. The L-methionine enriched
plastein was synthesized from the protein isolate or the acylated protein isolates and DL-
methionine ethyl ester by one step process with papain. By this method the extent of incor-
poration of L-methionine was about 50%.
Pepsin hydrolyzed both unmodified and modified protein isolates at the same rate (about
929%). Tryptic hydrolysis, however, was less for the succinylated protein isolates (about 42
%) and less for the acetylated protein isolates (about 269). The protein efficiency ratio of
L-methionine enriched protein isolate (about 2.5 weight %) was 90% that of reference casein.
The protein efficiency ratio values of succinylated (88%) and acetylated (84%) protein iso-
late were 55 and 69% of reference casein, respectively.
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Table 1. Composition of the diets for protein
efficiency ratio determination

Diet constituents Relative amounts, %

Protein (NX6.25)¢ 10
Cotton seed oil 8.5
Vitamin mixture® 1.5
Mineral mixture 4

N-Free mixture? to 100

a : From the unmodified and modified CBPI (de-
toxified and deallergenized castor bean protein
isolate) or casein.

b : Vita-M from YuYu Industrial Co.

¢ : The composition of the mineral mixture is gi-
ven in Table 2.

d : The composition of the N-free mixture is giv-
en in Table 3.

Table 2. Composition of mineral mixture

Components Relative amounts, %
Calcium lactate 35.15
K,HPO, 25.78
CaHPO,-2H-0 14.60
N8H2P04'H20 9.38
MgSO, (Anhydrous) 7.29
NaCl 4.61
Ammonium ferric citrate 3.19

s5le

Table 3. Composition of nitrogen free mixture

Components [ Relative amounts, 9
Sucrose ; 9.0
Cellulose powder i 5.2
Wheat flour ‘ 85.8
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Table 4. Proximate composition and yields of extraction and recovery of the protein isolate from

castor bean pomace

Protei Extraction, | Recovery,
Moisture, Ash, (N6 25y, | % of total *| % of total
% % - y » [ protein in . | protein in
. ° pomace pomace
Dehulled castor bean seed 5.30 3.29 19.69 NA= NA
Castor bean pomace 8.57 4.87 64.16 NA NA
Protein isolate from castor
bean pomace 8.77 1.60 93.70 87.5 56.18

a : Not applicable.
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Table 5. Extent of acylation as a function of
the acylating agent-CBPI ratio

Succinic anhydride: Extent of succinyla-

protein, g/g tion, %
1:2 64
2:2 81
2.5:2 88

Acetic anhydride: Extent of acetyla-

protein, ml/g tion, 9%
1:2 49
2:2 75
3:2 84
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Table 6. Reaction of acylating agents with sulf-

hxrdryl groups of CBPI at various lev-
els of acylation

SH groups

CBPI Extent of o | reacted with
¥ > /91 anhydride, %

64 21

Succinylated 81 23

88 24

49 20

Acetylated 75 18

84 15
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Fig. 1. Protein solubility profiles for unmodified
and modified CBPI

Symbols: (——[J——) unmodified; (----- Ooeeenee )
L-Met incorporated; (——W—-) succinylated
(88%); (eooere @ ) succinylated(88%) and L-

Met incorporated CBPI.
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Table 7. Amino acid composition of unmodified and modified CBPI
(Unit: g/16 g of nitrogen)

P - . L-Met Succinylated | Acetylated
Amino acid Unmodified | Succinylated | Acetylated enricheds and L-Met and L-Met
| enriched?® enriched?®
Alanine 5.16 4,98 5.09 5.12 4.94 5.06
Arginine © 13.08 12.80 12.96 12.93 12.82 12.91
Aspartic acid 13.35 12.88 13.01 13.38 12.84 13.12
Half-Cystine 0.76 0.65 0.79 0.80 0.71 0.76.
Glutamic acid 26.67 24.82 26.17 26.43 24.76 26.25.
Glycine 4.90 4.63 4.68 4.76 4.60 4.62
Histidine . 1.98 1.91 1.95 2.02 1.93 1.93
Isoleucine 3.71 3.47 3.60 3.64 3.51 3.58.
Lecucine 6.42 5.92 6.03 6.10 5.88 6.11
Lysine 3.42 2.43 2.37 3.46 2.40 2.29
Methionine 1.02 1.21 1.19 3.71 3.65 3.72
‘Phenylalanine 4.47 4.14 4.43 4.49 4.06 4.40
Proline 4.14 4.47 4.02 4.09 4.17 4.08
Serine 5.83 5.71 5.77 5.75 5.72 5.75
Threonine 3.25 3.03 3.23 3.27 3.18 3.24
Tryptophan 1.06 0.85 0.54 0.95 0.82 0.96
Tyrosine 3.49 3.33 i 3.43 3.46 3.40 3.43
Valine 4.03 3.62 4.07 4,02 3.57 4.04

@ : L-Methionine-enriched CBPI was synthesized by the papain-catalyzed one step plastein reaction.
b : L-Methionine was incorporated into the acylated CBPIL.

Table 8. Essential amino acid composition of CBPI, L-methionine enriched CBPI, FAO pattern
(milk) and egg
(Unit: g/16 g of nitrogen)

- 1
Essential | CBPI L-Metenriched Scocing pattern Egg
i (1973)
Isoleucine | 3.71 | 3.64 4.0 ' 5.76
Leucine 6.42 6.10 7.04 8.90
Lysine 3.42 3.46 5.44 6.65
Methionine plus | 1.78 4.51 3.52 5.36
Cysteine
Prenyiglunine 7.0 r.s .8
Threonine 3.25 3.27 4.00 5.14
Tryptophan 1.06 0.95 0.96 1.50
Valine 4.03 4.02 4.96 7.54
Arginine 13.08 12.93 - 6.15
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_Table 9. Extent of D- or L-methionine after papaincatalyzed plastein reaction by onestep process®

iani Extent of Extent of unincorporation (%)
?ﬁig;;%ﬁgﬁd Protein enriched incorporation
(%) Free form Ethyl ester form
CBP1 0.0 2.4 97.6
D-Methioaine Succinylated (88%) CBPI 0.0 1.5 98.5
Acetylated (84%) CBPI 0.0 1.9 98.1
CBPI 51.4 47.2 1.4
L-Methionine Succinylated (88%) CBPI 48.8 49.7 1.5
Acetylated (84%) CBPI 49.7 48.7 1.6

@ (Sh=20(wt%), (MJo/(S)o=0.05(w/w), (EJo/(SJ)o=0.01(w/W), [Ad=10.0(mM), pHo=10.0, and

incubation time=24 hr at 37°C.

Abbreviations used are: [S)e : Initial concentration of substrate (CBPI or acylated CBPI) in the
reaction mixture; [MJ, : Initial concentration of D- or L-Met-OEt+HCI; (EJ, : Initial concentration
- . of'papain; [A)o: Initial concentration of activator (L-cysteine); and pHo: Initial pH of the reac-

- . tion mixture
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Table 10. Trichloroacetic acid soluble nitrogen content(%) after peptic and tryptic hydrolysis of
casein, unmodified CBPI and modified CBPI

TCA soluble N content

TCA soluble N content

Protein of peptic hydrolysate, of tryptic glydrolysate,
%a /64

Casein 96.8 94.2
Unmodified CBPI 92.5 63.7
Succinylated (88%) CBPI 91.4 41.9
Acetylated (84%) CBPI 92.9 25.5
L-Methionineenriched CBPI* 92.0 60. 4
Succinylated (88%) and L-methionine

enriched CBPI¢ 9.7 42.3
Acetylated(84%) and L-methionine

enriched CBPOI‘ 2.3 26.1

TCA soluble N 100
@ Total protein N x

b:2.5wt % of L-methionine was incorporated into the CBPIL
¢:2.5wt % of L-methionine was incorporated into the acylated CBPI.

Table 11. Mean values of gain in weight by Albino rats, and FER and PER for unmodified and

modified CBPI*

Protein source Mear; ;via%ain, FER? PER®
Casein 85.8-+18.2 0.74-+0. 062 2.81=0. 154
Unmodified CBPI 30.242.15 0.71--0. 083 2. 480, 167
Succinylated (88%) CBPI 26.5--1.24 0.67--0. 042 1.54-0. 061
Acetylated (84%) CBPI 28.3+1.67 0.65-0. 058 1.95+0.053
L-Methionine enriched CBPI4 53.6--2.57 0.71+0. 036 2.524-0. 151
S“:;;?gg:ge%gglf) and L-methionine 46.8--2.02 0.65-+0. 066 1.83--0. 068
Acetylated (813%) and L-nethionine 50.7-+2.26 0.67+0.022 2.15--0.072

: Duration of experiment: 28 days

a
b : FER(Fesd Efficiency Ratio) =weight gain(g)/food intake(g)

: PER (Protein Efficiency Ratio)

=weight gain(g)/protein intake(g)

c
d :2.5wt% of L-methionine was incorporated into the CBPL
e : L-methionine was incorporated into the acylated CBPL
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