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A Simple Reduction Method of Mimosine
in the Tropical Plant Leucaena*

Shinkichi TAwATA+**, Fujiva HONGO***, Katsunori SUNAGAWA="**,
Yoshitugu KAWASHIMA ***, and Shiryo YAGA ****

Summary

Because of the presence of mimosine (8- (N-(3-hydroxypyridone-4)-a-
amino-propionic acid) in leucaena (Leucaena leucocephala de Wit), the in-
gestion of the plant by animals causes alopecia, growth retardation, cataract
and infertility. The mimosine degradation product 3-hydroxy-4(1H)-pyridone
(DHP) is also reported to be goitrogenic in animals. Inactivation or reduction
of mimosine and DHP in the plant before or during the preparation of the
plant as feed would enhance the use of the legume as a source of protein for
livestock feed. Although purified mimosine is not soluble in distilled water, it
become very soluble in the ionic solutions. When the leaves of leucaena were
leached in 0~1009% sea water or in various concentrations of acids and bases
for 24 hrs at 25°C, about 60~95% of the mimosine was extracted. As the rate
of mimosine extraction from the leaf of leucaena depended on the con-
centration of reagents, it was found that 0.05N CH,COONa was the most
effective at extracting 959 of the mimosine. There were no loss of the
nutrients, important for use as a livestock feed, such as crude fat, crude fiber
and crude protein. The method is relatively simple and removes simul-
taneously both mimosine and DHP, therefore, it is beleaved to be a method
practically applicable for both the small scale treatment of a local farmer and
the large scale treatment of a commercial enterprise.

introduciton

It is known that one of the mimosine degradation products, 3-hydroxy-4(1H)-pyridone (DHP),
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causes goitrogen in mouse and livestock!. In present methods of use of untreated leucaena, it is
reported that feed with less than 30% leucaena for cattle and less than 10% for swine and less than
5% for poultry do not affect the growth of the livestock at all. In addition to adjustments of the
amount of leucaena fed to individual animals, various treatments of leucaena have been reported,
including the reduction of mimosine in leucaena leaves by heating?®, by the utilization of endogenous
mimosine degradation enzyme®, and by the addition of iron salts to make a mimosine complex for
the purpose of inhibition of absorption in the body’. However, each of these methods is considered
to entail problems such as the loss of nutrients from leucaena, the formation of DHP, and the surplus
absorption of the iron in the body.

The present study was carried out to determine an effective method of reduction of mimosine
and DHP without any loss of protein in leucaena for the ultimate purpose of utilizing leucaena as
a safe feed.

Methods

Quantitative analysis of mimosine

50 ml of 0.IN HC1 was added to 2g of freeze-dried leucaena leaves which were made into
impalpable powder by Wiley’s mill, and the mixture was then homogenized for 10 min by polytron
with ice cooling. The obtained mixture of leucaena was centrifuged at 12.000 rpm by Hitachi 20 PR,
and the supernatant was filtered by sucking through Toyo filterpaper No. 52. The filtrate was
brought to a volume of 100 ml by the addition of 0.1N HC1, and then the solution was passed through
the diskpaper for high performance liquid chromatography (HPLC). 241 of the solution was injected
to HPLC (Shimadzu LC-6A) for analysis. The column used was Shim-pack CLC-ODS (15¢m x 6mm
i.d.), and the column temperature was 50 °C. Mobile phase employed was the mixture solution of
10 mM potassium-di-hydrogen phosphate : 10 mM phosphoric acid : acetonitrile (45 : 45 : 10), and
finally 0.196 sodium 1-octanesulfonate was added to the mixture as the surface active agent. They
were detected at 250 nm with flow rate 1.5 ml/min.

Reduction of mimosine in leucaena by a leaching method
100g of leucaena leaves in a nylon bag were leached for 24 hrs at room temperature in1 1 each
of 0.1N solution of salts and acids. The eluted mimosine and DHP in the medium, and the remaining
mimosine and DHP in the leucaena leaves were simultaneously determined by HPLC. The changes
of mimosine content after and before the leaching were compared. Additionally, the general
~ compositions were compared before and after the leaching and also the level of protein loss was
examined.

Results and Disucussion

Degradation or removal of mimosine is an indispensable condition for feeding leucaena to
livestock. At present, it is known that there are some methods for detoxifying of leucaena, as by
the addition of iron salts or the heating of leucaena leaves, but both these methods introduce a
further problem by the formation of DHP which is a mimosine degradation product. Table 1 shows
the results of HPLC analysis of the residual mimosine content in leucaena which was leached for
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Table.l Mimosine reduction by the leaching
method with each 0.1N solution.

- Untreated leucaena 100 (%)
H.O 7.2
HCl 31.2
NaOH 3.6
NacCl 12.0
KCl 13.2
CaCl, 13.2
CH,COONa 8.7
CuCl, 31.5
ZnCl, 39.4
MgCl, 10.7
FeCl, 36.1
FeSO, 27.4
formic acid 11.6
Acetic acid 8.8
Lactic acid 7.8
Fumaric acid 10.2
Succinic acid 8.2
Malic acid 10.2
Tartaric acid 11.2

24 hrs at 25°C in water and in various 0.1N solutions of acids and salts. It was confirmed that water
was the most effective for the reduction of mimosine: as much 92.8% of the mimosine was removed,
as shown in the Table. Metal salts such as CaCl,, ZnCl, and FeSO , instead inhibited the elution of
mimosine. Organic acids and CH;COONa were more effective on elution than were NaCl, KCl and
CaCl,. Since NaOH discolors leucaena, and has to be washed out with a large amount of water after
treatment, we decided to investigate primarily with CH;COONa or with sea water, because it is
readily available in great quantities. Taking the mimosine content in untreated leucaena to be
1009, Fig 1 shows the mimosine contents which were leached for 24 hrs at 25°C in 0~100% sea
water or in 0.01~1.0N CH ;COONa. In this case, the most effective reagent was 0.06N CH;COONa
in that it removed 94.4% of the mimosine. In the case of 60% sea water, 90.1% of the mimosine was
removed; therefore, the utilization of sea water seemed to be an effective method for saving water.

A typical example of HPLC analysis of mimosine and DHP is shown in Fig 2. The left spectrum
in the Fig shows the HPLC analysis of the medium of the leucaena which was leached by 0.05N CH,-
COONa for 24 hrs at 25°C. The middle spectrum shows the untreated leucaena and exibits an
absence of DHP. A large amount of mimosine seemed to be degraded to form DHP during the
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Fig.1 Mimosine reduction by the method with sea water and CH;COONa.
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Fig. 2 Mimosine contents in the medium, untreated and treated leucaena leaves.

leaching. The degradation seemed to be due to the presence of the endogenous enzyme in leucaena.
The right spectrum in the Fig shows that small amounts of both mimosine and DHP are present in
leucaena after the leaching. The residue rate of mimosine was 4.5%, and it appeared that most of
the DHP was also transfered in the solution. Fig 3 shows the results of the residual mimosine and
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Medium Treated leucaena
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Fig. 3 Analyses of mimosine and DHP in the medium and treated leucaena leaves.

DHP in the treated leucaena, and the eluted mimosine and DHP in the medium which was leached
in 0.01~1.0N CH,COONa soltions and water. In the treatment by 0.05N CH,COONa, the formation
rate of DHP in the leucaena was about half that in the water treatment. If the toxicity of DHP is
considered, the most effective leaching reagent might be 0.05N CH,;COONa. Accordingly, it was
confirmed that a safer feed of leucaena could be prepared by this method. A comparison of the
general composition of 0.05N CH;COONa treated leucaena and untreated leucaena is shown in Table

2. The total weight of leucaena after the leaching decreased about 3%. In indivedual composition,

Table. 2 General composition of untreated and treated leucaena.

Water soluble

. . : . o
Crude ash Crude fiber crude fat crude protein carbohydrate Momosine (% )
Treated leucaena 5.4 17.8 8.3 20.8 47.7 5.6
Untreated leucaena 9.5 13.1 6.2 21.7 49.5 100
Leucaena: Leucaena leucocephala de Wit
Untreated: Dry basis leucaena leaves
Treated: Leucaena leaves was leached in 0.05N CH;COONa for 24 hrs at 25°C

crude ash 4.1%, water soluble carbohydrate 1.8%, and crude protein 0.9% were decreased,
respectively. By contrast, crude fiber and crude fat, which are the sources of nutrients in feed for
livestock, were increased by 4.7% and 2.19%, respectively. A small amout of various free amino
acids and about 1% mimosine are present in untreated leucaena, and these are considered to be
eluted in the medium, together with other inorganic compounds such as K, Ca, and P, and others.

Therefore it is considered that polymer compounds such as proteins, which are present in the cells,
did not elute at all.
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From the studies mentioned above, it can be seen that from leucaena, which is presently an

unused resource that grows wild everywhere in Okinawa, it is possible to remove about 95% of

mimosine by leaching without any loss of the nutrients, important for use as a livestock feed, such

as crude fiber, crude fat and crude protein; therefore, it is considered that the absolute unilization

of leucaena could be possible in the near future. The leaching method seemed to have been
investigated by Szyszka et al &, though they did not report it in detail. As the method is relatively

simple and removes simultaneously both mimosine and DHP, it is considered to be the most superior

method. It is beleaved to be a method practically applicable for both the small scale treatment of

a local farmer and the large scale treatment of a commercial enterprise.

10.

11,

12,

References

Hegarty, M.P., Lee, C.P., Christie, G.S., Court, R.D. and Haydock, K.P., 1979 The goitrogen
3-hydroxy-4(1H)-pyridone, a ruminal metabolite from Leucaena leucocephala: effect in mice
and rats, Aust. J. Biol. Sci., 32 . 27-40

Hongo, F., and Tawata, S., 1985 Effect of mimosine on extracellular proteolytic enzymes of
the Japanese black cattle rumen microorganisms, Leucaena Research Reports, 6 : 63

, , 1985 Effect of mimosine on the proteolytic activity of pepsin, trypsin,
and a-chymotrypsin, Leucaena Research Reports, 6 . 64

, , 1986 Leucaena as the unused natural resource, Midori to Seikatsu,
6. 41-44

2 , Watanabe, Y., and Shiroma, S., 1986 Mimosine degradation as affected
by ensiling of Leucaena lencocephala de Wit, Jpn. J. Zootech. Sci., 57 : 223-230
Lowry, J.B., Maryanto, Tangendjaja, B., 1983 Autolysis of mimosine to 3-hydroxy-4(1H)-
pyridone in green tissues of Leucaena leucocephala, J. Sci. Food Agric., 34 . 529-533
Matsumoto, H., Smith, E.G., and Sherman, G.D., 1951 The effect of elevated temperatures on
the mimosine content and toxicity of Koa Haole (Leucaena glauca), Arch. Biochem. Biophys.,
33 201-211
Szyszka, M., Meulen, U.T., and El-Harith, E.H.A., 1983 The possibilities of safe application
of Leucaena leucocephala in the diets of productive livestock, Leucaena Research Reports,
4 13-14
Tangendjaja, B., Lowry, J.B., and Wills, B.H.W., 1984 Optimisation of conditions for the
degradation of mimosine in Leucaena leucocephala leaf, J. Sci. Food Agric., 35 : 613-616
Tawata, S., Hongo, F., and Kobamoto, N., 1984 Isolation and HMO calculation of acid
degradation products of mimosine, Abstracts of the 1984 International Chemical Congress of
Pacific Basin Societies, p. 02i06

, , 1985 A molecular orbital study on the toxic amino acid mimosine in
the tropical plant leucaena (Part III), Abstracts of the 10th annual meeting of the Pesticide
Science Society of Japan, p. all9

, , 1985 A simple reduction method of the toxic amino acid mimosine in
the tropical plant leucaena (Part IV), Abstracts of the 1985 west Japan joint meeting of the
Food Technology Society of Japan, the Nutrition and Food Society of Japan, and the
Nutritional Improvement Society of Japan, p. i-9



13.

14,

15.

16.

93
TAWATA et al: Reduction Method of Mimosine in Leucaena

, , Kawashima, Y., and Sunagawa, K., 1985 Investigation on the reduciton
method of mimosine in leucaena by the salts leaching (Part V), Abstracts of the Okinawa
Animal Husbandry Society, p. 1

, , and Yasumura, K., 1986 The membrane permeability of mimosine in
the tropical plant leucaena (Part VI), Abstracts of the 1986 annual meeting of the Agricultural
Chemical Society of Japan, p. 3n-18

, , 1986 Reduction of the toxic amino acid mimosine in the tropical
plant leucaena by a method of sea water leaching (Part VII), Abstracts of the 78th annual
meeting of the Animal Sciences Society of Japan, p. IV-18

, , and Yasumura, K., 1986 An absorption mechanism of the toxic amino
acid mimosine in the tropical plant leucaena in the small intestine of swine (Part VIII),
Abstracts of the 11th annual meeting of Pesticide Sciences Society of Japan, p. al29



94

BHEY) Y > 2 A0 Y OEBREE

LAHEES *, AFE LR, I,
JNESHR **, BEERMAR ***

1 =

¥ > 2 I (Leucaena leucocephala de Wit) Hizix, I €3> > (8- (N-(3-hydroxy pyridone-4)- a-
aminopropionic acid) MFEET 2780, BN EFNLBIT 3 LIHEE, REEE, AWNE, NEEX
YR IT, IETYVOHEEYS-hydroxy-4(IH)-pyridone (DHP) & % 7- B BUKBREEF R M
DMHBHEREINTVS, AR E L THAMTH 2 VLAY F 25D I €L 8L DHP 27E
MIEHAZVIBRETELZOLSIE, FERABEOY V2B ELTF VA LOFANKELSGEET LA
Do BB IEY VA KTIZEAEETH S0, 414 U HBERCIBEN 2R, SV EE%
0~100% K H 5 WIZEEE, HEOREBERIC2CCTURERET S L, BLZ60~9H%D I £y~
DEBERINT, FrALDODIEY Y OERRIAEOBEICLALEIN, BROIRIZHDIZ 0.05N CHy-
COONa T9% b DIy Ui EN3ENbhr o, REARE L THATIOEERKERTDH
% HHAERG, ¥EMERE, HY N BDEKXFZIZEAE RN, TORAEZHEYEETHY, €Y
Y DHP b AFFICBRET 2E 06, BRCBT2/EBERAEE,» S, BECLIIZARFABEES TICAT
EL2ERNRAETHDL EBbh,

“SEERA B LR
o ) HE %R
* %k % /} 1} ** ,.\qa:-l, %,‘:{»



