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The malt alkaloids N-methyltyramine, N,N-dimethyltyramine 

(hordenine), N-methyl-3-aminomethylindole and N,N-dimethyl-3-ami- 

nomethylindole (gramine) are known precursors for N-nitrosamines. 

Analytical procedures were developed and applied to extract and 

quantify these alkaloids from malt, green malt, malt roots, and 

raw barley. A ground malt sample under nitrogen atmosphere was 

extracted with 5 percent concentrated ammonium hydroxide in meth- 

anol at room temperature for 24 hours. After purification, the 

extracted alkaloids were quantitated by reverse phase high per- 

formance liquid chromatography using both phosphate buffer and 

ion-pairing solvent systems. The recoveries obtained for the al- 

kaloids listed were, respectively, 77.4, 92.0, 74.0 and 80.5 per- 

cent with detection limit of 0.2, 0.2, 0.1 and 0.1 pg/gm. Con- 

formation of identity of each alkaloid was accomplished by TLC, 

UV, and MS. 

Twenty-three samples of kilned malts, five samples of green 

malts, ten samples of kilned malt roots, five samples of green 



malt roots, and ten raw barley samples, from a total of 11 varie- 

ties of Hordeum vulgare were analyzed for the alkaloids of in- 

terest. N-Methyltyramine was found in every sample from all 

sources with a mean and range, respectively, of 26.8 (15.7-48.5), 

21.4 (11.6-37.5), 1959.8 (1358.4-2798.4), 1532.5 (962.3-2091.1) 

and 4.7 yg/gm (0.4-17.9 yg/gm) on a dry weight basis. The means 

and ranges for hordenine were, respectively, 28.1 (8.9-42.4), 

21.2 (9.6-35.5), 4066.4 (2741.2-5180.1), 3363.3 (1956.2-4744.3) 

and 0.7 yg/gm (0.5-1.0 yg/gm). Gramine was found in only two 

barley malt varieties examined where kilned and green malts con- 

tained, respectively, mean values and ranges of 7.4 (4.9-10.0) 

and 6.0 yg/gm (4.7-7.3 yg/gm). N-Methyl-3-aminomethylindole was 

not detected in any of the samples examined. 

The results of this investigation indicated that the variety 

of barley affected alkaloid production during malting. The re- 

sults also showed that the kilning step of the malting process in- 

creased the total amount of each alkaloid produced. 

Finally, room temperature nitrosation of five varieties of 

kilned and green malts, in which the contents of hordenine and 

gramine were known, was carried out with an excess of nitrite in 

acetic acid at pH 3.2 for 18 hours. The amounts of N-nitrosodi- 

methylamine (NDMA) obtained from this nitrosation were far greater 

than the expected yields for NDMA from the hordenine and gramine 

present in the malts. The results strongly suggest that the alka-' 

loids hordenine and gramine were not the only precursors for NDMA 



and that there must be additional precursors; dimethylamine was 

suggested as a possibility. 
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DETERMINATION OF SELECTED SECONDARY AND TERTIARY AMINE 
ALKALOIDS IN BARLEY MALT 

I.  INTRODUCTION 

In 1979, Spiegelhalder et al. reported that 70 percent of 

the 158 samples of European beers examined contained N-nitro- 

sodimethylamine (NDMA). The mean value found for NDMA was 2.7 

yg/L, and the highest value obtained was 68 yg/L. These find- 

ings prompted several investigators (Walker et al., 1979; Goff 

and Fine, 1979; Fazio et al., 1980; Scanlan et al., 1980; Sen 

et al., 1980; Kawabata et al., 1980; Kann et al., 1980) to ex- 

amine beer from many diverse areas of the world, and NDMA was in- 

deed found in most of the samples tested. Since NDMA was known 

to be a carcinogen in animals, these findings of NDMA in beer 

caused considerable public concern; it was estimated that the 

daily intake of NDMA from beer for the American public was 0.97 

yg/person (Goff and Fine, 1979). 

Even though there has been no direct epidemiological evi- 

dence of cancer for humans from prolonged consumption of NDMA, 

the results from animal studies are ample reason for concern. 

In 1954 Barnes and Magee carried out toxicological tests with 

NDMA and found that a single exposure to high doses of NDMA caused 

liver damage in all five animal species tested. A long-term 

feeding trial of NDMA fed to rats was shown to induce liver 

tumors (Magee and Barnes, 1956). Lijinsky and Taylor (1977) have 



intensively studied the carcinogenicity of NDMA and N-nitrosodi- 

ethylamine (NDEA) in several species of animals, and determined 

that both compounds induced tumors in all species. 

The discovery that NDMA was present in a high percentage of 

beer samples led to investigations as to the origin of this com- 

pound in beer. The results from the analysis for NDMA in the 

raw materials used in brewing, as well as from the analyses of 

beer itself at different stages of brewing, by several investiga- 

tors (Kann et al., 1980; Spiegelhalder et al., 1980; Hardwick 

et al., 1981) have all pointed to malt as the source of NDMA. 

Hordenine, an alkaloid of malt biosynthesized during the germin- 

ation of barley was repeatedly mentioned as the most likely NDMA 

precursor (Kann et al., 1980; Spiegelhalder et al., 1980; Hard- 

wick et al., 1981; Wainwright et al., 1982). Nitrosation of hor- 

denine under laboratory conditions (Mangino et al., 1981), and 

also in a simulated malting process (Hardwick et al., 1981) were 

both shown to produce NDMA. Furthermore, another malt alkaloid, 

gramine, which had been found to occur in the shoots of germinat- 

ing barley (Schneider and Wightman, 1974), was shown to be ex- 

tremely susceptible to nitrosation to form NDMA (Mangino et al., 

1981; Mangino and Scanlan, 1982); thus gramine could also be a 

source of NDMA. 

Most of the recent investigators worked under the premise 

that NDMA is formed from the reactions between the alkaloids hor- 

denine and gramine, found in green malt, and the NO gases 
A 



produced during kilning in the direct-fired kiln. There have been 

various attempts at stopping or inhibiting the formation of 

NDMA, and four ways have been recommended (Hardwick et al., 1980): 

1. Prevent the formation of the nitrosating agents. Many malting 

facilities have already changed to the indirect-fired method 

of kilning. These techniques have proven to be effective in 

reducing the formation of NDMA (Kann et al., 1980; Hardwick 

et al., 1981). 

2. Burning sulfur in the malt kiln or direct introduction of SOo 

into the drying air, was shown to be an effective way of con- 

trolling the formation of NDMA during kilning (O'Brien et al., 

1980). 

3. Destroy the nitrosating agents before they can react with the 

amines. Ascorbate has been applied to green malt before 

kilning, but large amounts were required to be effective, 

since the reduced form of the nitrosating agent can be re- 

generated by atmospheric oxidation. Consequently, the amount 

of ascorbate necessary was economically prohibitive. 

4. Elimination of the amine precursors. There have been no re- 

ports of activities in this area to inhibit the formation of 

NDMA; it is obvious, however, that elimination of the amine 

precursors would be more difficult than the previous recom- 

mendations. This is further complicated by the paucity of 

information available regarding the amounts of the precursor 



alkaloids present in malt; adequate analytical methodology to 

quantitate the alkaloids in malt have not as yet been devel- 

oped. This problem will be further discussed at the end of 

this section. 

It has been shown that the four alkaloids N-methyltyramine, 

hordenine, N-methyl-3-aminomethylindole and gramine are biosyn- 

thesized in germinating barley (Mann et al., 1963; Schneider and 

Wightman, 1974). Besides the tertiary amines, hordenine and 

gramine, that have been shown to be likely NDMA precursors, Man- 

gino et al. (1982) also demonstrated that the secondary amines 

N-methyltyramine and N-methyl-3-aminomethylindole were readily ni- 

trosated to form non-volatile N-nitrosamines (see Figure 6). 

These non-volatile N-nitrosamines are possibly formed by reactions 

between the alkaloids and the NO gases formed during the kilning 
A 

of malt, and non-volatile N-nitrosamines such as these, would 

elude detection by the existing analytical procedures developed 

for the analysis of the volatile N-nitrosamines. It would probably 

increase the risk of a health hazard for consumers if these non- 

volatile N-nitrosamines were transferred into beer. Even though 

the toxicity and carcinogenicity for these non-volatile N-nitros- 

amines have not been determined, the fact that out of the 300 

some N-nitroso compounds which have been tested in experimental 

animals, the great majority have proven to be carcinogenic in 

one or more species, and are often active in more than one tar- 

get organ (Walters et al., 1982) should indicate the need for 

caution. 



The alkaloids N-methyltyramine and hordenine have also been 

reported in beer at 5.0-7.9 and 11.7-23.9 mg/L, respectively 

(McFarlane, 1965). The consumption of these alkaloids could cause 

the formation of N-nitrosamines j_n vivo. Some investigators 

contend that endogenous formation of N-nitroso compounds from 

amines and nitrite is likely to be the major contribution to 

the risk of cancer from N-nitrosamines (Lijinsky, 1979). The 

favored site for nitrosation was thought to be the stomach where 

the pH was optimal for the reaction of both secondary and terti- 

ary amines with nitrite. The principal sources of nitrite are 

cured meats, saliva after eating a meal high in nitrate-contain- 

ing vegetables, and nitrite from the bacterial reduction of 

nitrate. The presence of these alkaloids in malt and beer would 

increase the chance of either exogenous or endogenous formation 

of N-nitrosamines, which would in turn probably increase 

the carcinogenic risk for consumers. Information on the levels 

of these alkaloids present in raw barley, green malt, kilned 

malt and/or malt roots would be very useful in the assessment of 

such a risk; quantitative information would also be useful in 

studies on the inhibition of formation of the N-nitrosamines in 

malt and beer. 

Purpose of the Research 

Due to the demonstrated need for additional information on 



the amount of alkaloids present in kilned malt, green malt, malt 

roots and raw barley, the following objectives were set for this 

study: 

1. To develop analytical procedures for the isolation of all 

alkaloids of interest from the malt samples in a single ex- 

traction, so that the alkaloid extract would be sufficiently 

purified for HPLC analysis. 

2. To develop reversed phase HPLC systems to separate, identify 

and quantitate all the alkaloids of interest in a single run; 

a different column and solvent system would be used to con- 

firm the findings from the first column. 

3. The identities of all alkaloids found will be confirmed by MS. 

since it is considered to be one of the most reliable methods. 

4. To quantitate the amounts of alkaloids distributed in malt, 

green malt, malt roots, and raw barley. Investigations as to 

how barley variety and the malt kilning step affected the bio- 

synthesis of the alkaloids would also be carried out. 

5. After the amounts of the alkaloids in malt and green malt had 

been determined, nitrosation of these malts would then be 

carried out to determine if hordenine and gramine were the 

only sources of NDMA precursors. 



II. LITERATURE REVIEW 

A. Introduction 

N-Nitrosamines are a group of compounds that have in common 

the characteristic of the presence of the N-N=0 group. This is 

generally formed from the reaction between a secondary or tertiary 

amine with nitrite in an acidic medium. A wide range of chemical 

and physical properties exists for the various N-nitrosamines de- 

pending on the substituents on the amine nitrogen. A number of 

reviews on the chemistry of N-nitrosamines are available (Fri.dman 

et al., 1971; Anselme, 1979; Weissler, 1979). 

The formation of N-nitrosamines from alkaloidal secondary and 

tertiary amines biosynthesized in green malt is a matter of con- 

cern. The biosynthesis, and the analytical procedures for the ex- 

traction, identification and quantitation of these alkaloids 

during germination and the subsequent formation of N-nitrosamines 

from these alkaloids will be the main focus of this review. 

B. N-Nitrosation of Secondary Amines 

The chemistry of the reaction of amines with nitrous acid has 

been intensively studied by many investigators (Ridd, 1961; Ingold, 

1969; Challis and Butler, 1968) and a number of more recent reviews 

are also available (Scanlan, 1975; Challis, 1981; NAS, 1981; Mangi- 

no, 1983). The following discussion will briefly concentrate on a 

few fundamentals which are important to N-nitrosamine formation 

in foods. 



Aqueous acidic solutions of nitrite salts or nitrous acid at 

pH < 5 are the best known nitrosating media. Neither nitrite nor 

nitrous acid reacts directly with the amine. In food systems where 

a nucleophilic catalyst (Y~, e.q. NOZ, Cl", SCN") is available, 

the protonated nitrous acid is rapidly converted to the nitrosyl 

species (equations 1, 2, and 3): 

N02"+ H
+  ^       HN02 (1) 

HN02 + H
+  ^       H20N0

+ (2) 

H20N0
+ + Y"  „        Y-NO + H20 (3) 

R2NH2
+  ■■>        R2NH + H+ (4) 

slow 
R2NH + Y-NO   >     R2N-N=0 + HY (5) 

In this case, the nitrosyl species (Y-NO, equation 3) acts as the 

nitrosating agent and reacts with the free unprotonated amine 

(equations 4 and 5) to form the N-nitrosamine. 

In the absence of other catalytic nucleophiles, nitrite ion 

acts as the catalyst, Y", in which case the reactive nitrosating 

agent, nitrous anhydride, is formed in equilibrium with nitrous 

acid: 

2HN02  ^        N203 + H20 (6) 

(nitrous 
anhydride) 

For illustrative purposes, the rates of N-nitrosamine formation 



calculated from the concentrations of amine and nitrite is shown 

in equation 7: 

2 
Rate = k,[amine][m'trite] (7) 

The rate of nitrosation as shown by equation 7 is pH dependent as 

both the nitrosating species and free unprotonated amine (see 

equations 1, 2, and 4) are affected by the pH of the reaction. At 

high acidity, the concentration of the nitrosating agent increases, 

while at low acidity the concentration of the free unprotonated 

amine increases. The inverse relationship between the concentra- 

tions of the nitrosating agent and the free unprotonated amine re- 

sults in an optimum pH for the nitrosation of each amine. For 

example, the optimum pH for dimethylamine nitrosation is 3.4; the 

rate of N-nitrosamine formation decreases as the pH is changed in 

either direction from the optimum. For basic secondary amines 

(pKa > 5), the optimum pH for nitrosation is approximately 3.0, and 

for amino acids it is approximately pH 2.5 (Mirvish, 1975). Fur- 

thermore, the rate of N-nitrosamine formation for a secondary 

amine is inversely proportional to amine basicity. For example, 

weakly basic diphenylamine (pKa = 0.79) forms N-nitrosamine much 

faster than does dipropylamine (pKa = 10.7). 

C. N-Nitrosation of Tertiary Amines 

The early studies on the possibility of N-nitrosamine forma- 

tion from tertiary amines were carried out by several investigators 
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(Guether, 1864; Heintz, 1866; Limpricht, 1867; Rohde, 1869). It was 

not, however, until 1936 that Wegler and Frank published the first 

paper that reported the successful reaction conditions. These 

authors reported that heating dimethylbornylamine with nitrous 

acid led to degradation of the amine and to the formation of camphor 

as one of the products. They also showed that in acetic acid at 

40-50oC a tertiary amine could be converted to form a N-nitrosamine 

and either an aldehyde or ketone. 

In 1959, Smith and Pars reported that N-nitrosodibenzylamine 

and N-nitrosodibutylamine were formed, respectively, from the ni- 

trosation of tribenzylamine and tributylamine. The reactions were 

carried out in 50-60 percent acetic acid at 70-85oC. 

Smith and Loeppky (1967) studied the nitrosation of tertiary 

amines using tribenzylamine, N,N-dibenzylam'line, and also some 

of their derivatives. After careful characterization of the pro- 

ducts from the reaction, they proposed a mechanistic scheme for 

the nitrosation reaction (it is shown in Figure 1A). The m'tro- 

sating agent reacts with the unshared pair of electrons on the 

unprotonated tertiary amine; the nitrosammonium ion was formed 

which undergoes cis elimination of nitroxyl to form an immonium 

ion. The immonium ion obtained next underwent hydrolysis to 

yield a secondary amine intermediate and a carbonyl compound. 

Finally the secondary amine was nitrosated to yield the 

N-nitrosamine. 

Keefer (1979) proposed an alternative pathway (Figure IB) for 
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Figure 1. Proposed mechanisms for the nitrosative 
dealkylation of tertiary amines 

A - The mechanism proposed by Smith and 
Loeppky (1967) 

B - Keefer's proposed mechanism (1979) 
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the nitrosation of a tertiary amine. In Keefer's proposal, the 

reaction mixture at pH 4-6 for the nitrosation with an unprotonated 

nitrite ion would first proceed as in the Smith-Leoppky mechanism 

to form the immonium salt. The free nitrite ion could then at- 

tack the immonium salt to form the intermediate a-dialkyl-amino 

nitrite ester, structure I. The cleavage via a four-centered 

mechanism involving intramolecular nucleophilic attack of the amino 

group on the nitrosyl nitrogen of the intermediate structure II 

would lead to the same N-nitrosamine and carbonyl products as 

suggested by Smith and Leoppky (see Figure 1A). The suggested 

scheme by Keefer has no bearing on the ratio of the final products, 

but eliminates the formation of the intermediate secondary amine 

proposed by Smith and Leoppky. 

In general, when using about equal concentrations of both 

amine and nitrite, the yield of a N-nitrosamine from a tertiary 

amine is less than from a secondary amine. For example, the 

yield of N-nitrosodimethylamine (NDMA) from dimethylamine (DMA) 

was found to be about 10 times higher than from trimethylamine 

(TMA), when equimolar concentrations of the two amines were re- 

acted with nitrite in pH 5.6 buffer for 4 hr. at 780C (Fiddler et 

al., 1972). The concentration of the nitrosating agent and the 

temperature of the reaction have been reported to affect the yield 

for the nitrosation of tertiary amines (Ender et al., 1967; 

Fiddler et al., 1972; Schweinsberg and Sander, 1972; Scanlan et 

al., 1974; Ohshima and Kawabata, 1978). 
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D. Gaseous Nitrosating Agents 

As discussed earlier in the amine-nitrite system, N-nitro- 

samines in foods are formed from the reaction between amines and 

nitrosating agents. The nitrosating agents are generally N^Oo 

or NOX. With gaseous nitrosating agents, however, amine sys- 

tems have been shown to undergo rapid nitrosation, even under 

alkaline conditions (Challis et al., 1978). The effective nitro- 

sating agents are dinitrogen trioxide (N?0o) and dinitrogen te- 

troxide ^O,). These nitrogen oxides are common pollutants 

associated with many combustion processes. 

Mangino et al. (1981) have recently suggested that combustion 

in the direct-fired malting process resulted in the formation of 

the oxides of nitrogen through the following steps: 

N9 + 09   => 2N0 (8) 

2N0 + 02   >     2N02 .(9) 

NO + N02 ^       N203 (10) 

N02 + N02 ^       N204 (11) 

Nitrogen and oxygen gases in air are in direct contact with flames 

in direct-firing, and nitric oxide (NO) is formed (equation 8). 

Nitric oxide (NO) is then oxidized by the surrounding atmospheric 

oxygen (02) to form nitrogen dioxide (N02) as shown in equation 9. 

N203 and NpO. are subsequently formed as shown in equations 10 and 11 



15 

Nitric oxide itself has been shown to be a very poor nitro- 

sating agent (Challis and Kyrtopoulos, 1976). However, both 

NpO- and NpO, have been shown to be effective nitrosating agents 

in both neutral and alkaline solutions (Challis et al., 1978; 

Challis and Kyrtopoulos, 1978; Challis and Kyrtopoulos, 1979). 

It has been shown that N-nitrosamine formation can occur in 

foods that are dried in a direct-fired dryer. Sen et al. (1972) 

reported that fish meal, presumably prepared without nitrite, 

contained N-nitrosodimethylamine (NDMA); they suggested the in- 

volvement of oxides of nitrogen from the firing gases in the 

formation of the N-nitrosamine. Libbey et al. (1980) have recently 

reported ppb levels of NDMA found in non-fat dried milk and dried 

buttermilk; they suggested the formation of NDMA was probably due 

to the reaction between secondary amines and/or tertiary amines in 

the dairy product with the nitrogen oxides produced in direct- 

fired drying. Furthermore it has been verified (Kann et al., 1980; 

Spiegelhalder et al., 1980; Mangino and Scanlan, 1981) that malt 

produced by direct-fired drying is the major, if not the sole 

source of NDMA in beer. 

E. Precursors of NDMA in Malt 

Mangino et al. (1981) have summarized the amounts of NDMA 

found in various beers that came from many parts of the world. 

This summary indicated that the occurrence of NDMA was widespread 

and was not limited to a particular point of origin or type of 
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beer. This suggested that the mode of NDMA formation was probably 

similar, since the malting and brewing processes were principally 

the same. The identity of the NDMA precursor(s) would be very 

useful in attempts to inhibit the formation of NDMA. 

Several investigators have suggested that the compounds 

listed in Table 1 are formed during the germination of malt, and 

that any one, or a combination of these amines might serve as a 

precursor to NDMA. Based on the yields of NDMA obtained from 

the nitrosation of these amines, as shown in Table 1, Mangino 

and Scanlan (1982) suggested that the first four amines must be 

considered potential NDMA precursors. They also noted that 

gramine was nitrosated to yield NDMA as readily as dimethylamine 

under the same conditions. 

In searching for the presence of nitrosatable amines in malt 

or beer many authors (Drews et al., 1957; Hrdlicka et al., 1964; 

Singer and Lijinsky, 1976) reported that both DMA and TMA were 

found in beer. Drews et al. (1957) suggested that malt was the 

source for these volatile amines since they were reported not to 

be formed during fermentation. They found DMA in green malt; 

kilned malt, wort and raw barley. 

Slaughter and Uvgard (1971) determined the volatile amines 

in malt and beer using both paper chromatography (PC) and gas 

liquid chromatography (GLC) for separation, identification and 

quantitation. Ground malt was extracted with water for 30 min. 
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TABLEa 1.    Yield (%) of N-nitrosodjmethylamine upon Nitrosation 
of Potential  Precursors^ 

Amine pH 4.4C pH 6.4d 

Dimethylamine (DMA) 

Trimethylamine (TMA) 

Hordenine 

Gramine 

N-methyltyramine 

Sarcosine 

Choline 

78 65 

8 0.8 

11 2 

76 5 

0.14 - 

0.09 0.15 

0.041 0.0007 

a 
Values taken from Mangino and Scan!an (1982), 

Precursors: (0.1 M) amine reacted with 0.5 M sodium 
nitrite at 650C for 16 hr. 

cAcetate buffer. 

Citrate-phosphate buffer. 
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at room temperature. The aqueous extract of volatile amines was 

adjusted to pH 10.5 and vacuum distilled, and the distillate was 

collected in 0.001 N HC1. After evaporation of the distillate to 

dryness, the residual amines were dissolved in 80 percent MeOH 

for PC and GLC analysis. The volatile amines in beer were also 

obtained by vacuum distillation after adjusting the pH of beer to 

10.5. They found DMA in both malt and beer as one of the major 

volatile amines. Quantitative determinations of DMA from beer 

were in a range of 0.07-0.69 yg/ml. TMA, however, was not found 

in malt; it presumably was found in beer, but not as a major com- 

ponent. Mangino et al. (1981) estimated the DMA content of beer 

from previous reports, after correction for dilution, to be 

1-5 ppm. 

Ripley et al. (1982) reported the amount of DMA obtained from 

an alkaline (50% NaOH) distillation method for raw barley, malt 

and beer to be, respectively, 6.6-8.8, 11, and 1.2 ppm. They ob- 

tained DMA by distilling a mixture of ground malt and 50 percent 

NaOH. The distillate was collected in 1 N HC1, after which DMA 

was converted to a pentafluorobenzamide derivative for analyses 

by gas chromatography. The values obtained apparently represented 

more than the unbound (free or volatile) DMA, since the alkaline 

distillation method was reported to also release DMA from DMA- 

yielding compounds, such as hordenine and gramine. 

French et al. (1982) used both alkaline distillation and 

acid extraction methods to determine DMA in raw barley, malt 
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and malt roots. For the acid extraction method, they extracted 

the malt sample with 0.1 N HC1 for 12 min. before filtering. 

The filtrate was then reacted with pentafluorobenzoyl chloride 

to yield the pentafluorobenzamide derivative for GC analysis. 

The values for DMA obtained from this method was considered as 

unbound or free DMA since the authors contended that the acid 

used would not release DMA from other compounds. The values for 

DMA obtained by this acid extraction method were: < 0.1-0.2, 

1.0-2.8, 1.8, and 54-76 yg/gm for raw barley, malt, green malt 

roots and kilned malt roots, respectively. 

Hordenine and gramine are alkaloids produced during the 

germination of malt; a discussion focusing on the biosynthesis 

of these alkaloids and related compounds will be given in the 

later part of this section. 

Hordenine has been most frequently suggested as a NDMA pre- 

cursor since large amounts have been found in malt and malt 

roots (Spiegelhalder et al., 1980; Kann et al., 1980; Slack and 

Wainwright, 1981; Brookes, 1982). Spiegelhalder et al. (1980) 

proposed that the reaction between NO gases in the drying air 
A 

and either DMA, or a germination product, such as hordenine, 

could lead to the formation of NDMA. Kann et al., (1980) sug- 

gested that hordenine is the more likely source of NDMA in malt. 

There were two groups of investigators, Mangino et al. (1981) 

and Slack and Wainwright (1981) who experimentally studied the 

nitrosation of hordenine. Mangino et al. (1981) nitrosated 
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hordenine at 650C for 16 hr. with nitrite in aqueous buffer at pH 

4.4 and 6.4. They found the yield for NDMA to be 11 and two percent 

for pH 4.4 and pH 6.4, respectively. In a careful study of the 

nitrosation of hordenine at 650C for 12 hr. using a ten-fold ex- 

cess of nitrite in buffer at pH 4.4, Mangino (1983) obtained a 

21.4 percent yield for NDMA. He also obtained a 1.2 percent yield 

for the non-volatile N-nitrosamine II (Figure 2). Subsequent an- 

alyses by high performance liquid chromatography (HPLC) and mass 

spectrometry (MS) confirmed that the non-volatile N-nitrosamine 

II was £-hydroxy-m-nitro-N-nitroso-N-methyl-2-phenylethylamine 

(see Figure 2). From the percent yield, and the type of products 

obtained, Mangino (1983) concluded that the nitrosation of hordenine 

was more complicated than suggested by either Smith and Loeppky 

(1967) or Keefer (1979) (see Figure 1). 

Slack and Wainwright (1981) used methanol (MeOH) to extract 

alkaloids from malt, and the alkaloids were then separated by PC. 

The resulting chromatogram was cut into equal-sized pieces with 

Rf ranging from zero to 1.0. Each paper strip was incubated in 

nitrite solution at pH 5.5 for 16 hr. at 90oC. When the reaction 

extracts were analyzed by GC-TEA (gas chromatography coupled to a 

Thermal Energy Analyzer) for NDMA, it was found that the paper 

strips producing NDMA had the same Rf values as were observed for 

standard hordenine and gramine. Consequently, both hordenine and 

gramine were found to be precursors for NDMA. Slack and Wain- 

wright (1981) also found that 1 mg of hordenine hemisulphate in 
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Figure 2. Proposed reaction products from the nitrosation 
of hordenine at elevated temperature. 
(Adapted from Mangino, 1983) 
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MeOH nitrosated in a sealed system produced a 23 percent yield of 

NDMA. Based on their experimental results, they strongly suggested 

that hordenine in green malt is the major source of NDMA in kilned 

malt. 

Gramine has not drawn as much attention as hordenine as a pre- 

cursor for NDMA. This was probably due to the fact that gramine 

was not always detected in malt, and that hordenine was present 

at sufficient concentration to account for all the NDMA found 

during direct-fired kilning. Gramine, however, has been detected 

in the barley shoots (Schneider and Wightman, 1974) of many barley 

varieties (Hanson et al., 1981). 

As mentioned earlier. Slack and Wainwright (1981) showed 

that gramine could be nitrosated to produce NDMA, but the yield 

was not reported. Mangino et al. (1981) and Mangino and Scanlan 

(1982), as shown in Table 1, nitrosated gramine at 650C for 16 hr. 

with nitrite in aqueous buffer solution at pH 4.4 and pH 6.4. 

They obtained, respectively, 76 and 5 percent yields for NDMA and 

proposed the reaction scheme as shown in Figure 3. The results 

indicated that gramine is extremely susceptible to nitrosation 

at pH 4.4 and gave a yield of NDMA an order of magnitude larger 

than the yield of NDMA obtained from TMA (see Table 1). In the 

comparison of the formation of NDMA from gramine, DMA and TMA, 

as a function of time and temperature, Mangino (1983) used a ten- 

fold excess of nitrite; the reaction was run at pH 3.4 and room 

temperature (24°C). The results indicated that although there 
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Figure 3. Proposed reaction products from the nitrosation 
of gramine 
(After Mangino et al., 1981) 
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was no difference distinguished in the initial rate of gramine 

and DMA nitrosation, the yield vs. time curves diverged after 5 

min. Nitrosation of DMA and gramine went to 100 percent and 75 

percent completion, respectively, within 70 min., while the 

reaction for TMA was only about 0.15 percent complete within the 

same time. These results indicated that if these three amines 

were present in malt, DMA and gramine would more likely be NDMA 

precursors than TMA. 

F. Biosynthesis of Alkaloids in 
Barley During Germination 

Barley alkaloids are biosynthesized during germination; raw 

barley does not contain these alkaloids. Figure 4 shows the 

malting process used in the brewing industry; it is in this pro- 

cess that malt is germinated and alkaloids are synthesized. Germin- 

ation may actually start in the steeping process, where the barley 

absorbs moisture; once the enzymes are produced the biosynthesis 

proceeds. Full production of the alkaloids occurs during 

the germination step, and biosynthesis will stop sometime in the 

kilning step where moisture is lost, and the temperature rises 

high enough to inactivate the biosynthetic enzymes in the malt. 

The following section contains a discussion of how each alka- 

loid of interest was biosynthesized and how the pathway was 

discovered. 
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Figure 4. Unit operations in the malting process 
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N-Methyltyramine and Hordenine Alkaloids 

Hordenine (N,N-dimethyltyramine) (Figure 5, II) has been 

known for more than 70 years as the predominant alkaloid in the 

roots of germinating barley. Hordenine and its precursor, N- 

methyltyramine (Figure 5, I) were absent from barley seed but appeared 

in the roots during the first day of germination. The alkaloid 

level in the roots reached a maximum within three to nine days and 

then slowly decreased, until only traces remained one month after 

germination (Mann et al., 1963). 

In 1950, Kirkwood and Marion isolated N-methyltyramine from 

barley roots; this alkaloid had never been isolated previously 

from a natural source. The isolation of N-methyltyramine suggests 

that the plant synthesizes this alkaloid and also hordenine by 

methylation of tyramine through a mechanism similar to that known 

to exist in certain molds and animals. This idea was proven to 

be correct by Leete et al. (1952) who used a radioactive tracer 

in studies of the biosynthetic pathway for hordenine in barley 

14 roots during germination. Tyramine-a-C  was administered to 

sprouting barley on the sixth day of germination; radioactive 

hordenine and N-methyltyramine were isolated from barley roots 

on the eleventh day. These two alkaloids were then separated by 

paper chromatography. Degradative studies on the alkaloids showed 

that all of the activity was located in the a-carbon atom of both 

N-methyltyramine and hordenine. From the results obtained, the 
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Figure 5. Biosynthetic pathways for alkaloids 
in green malt 

A: Hordenine 

B: Gramine 
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authors concluded that tyramine undergoes two N-methylations in 

the barley root, first to N-methyltyramine and then to hordenine. 

Mann and Mudd (1963) were able to isolate the enzyme, 

S-adenosylmethionine:tyramine N-methyltransferase (tyramine methyl- 

pherase, T-MP), from barley roots. This enzyme was found to 

catalyze the N-methylation of tyramine by using (-)-S-adenosyl-L- 

methionine (SAM). They showed by using a radioactive tracer, 
14 

SAM-CH- , that the enzyme T-MP catalyzes the N-methylation of 
J 14 

tyramine to form N-methyltyramine-CHL by transfer of the methyl 
14 J 

group from SAM-ChL . 

In their study of "time course of enzyme and alkaloid accumu- 

lation," Mann et al. (1963) showed that the appearance of T-MP 

during germination parallels the accumulation of N-methyltyramine; 

both the enzyme and the alkaloid have their highest concentrations 

at about the same time. 

Whether further N-methylation of N-methyl tyramine to hordenine 

was catalyzed by a separate enzyme, or by T-MP, was not positively 

known. There are some indications, however, that the enzymatic 

activity might be due to a different enzyme, since the rate of 

N-methylation to hordenine varies from one extract to another 

(Mann and Mudd, 1963). Mann et al. (1963) indicated that the 

enzyme N-methyltyramine methylpherase (NMT-MP) catalyzes the 

formation of hordenine, and that the enzyme was present in 

roots at levels less than one-fourth the levels of T-MP. Both 

enzymes, T-MP and NMT-MP, require SAM as the methyl donor 
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(see Figure 5, A). 

Leete and Marion (1953) investigated the source of tyramine 

in malt roots during the biosynthesis of N-methyltyramine and 

14 
hordenine. They fed dl^-tyrosine-2-C  to sprouting barley, and 

then, after a suitable period of time, isolated N-methyltyramine 

and hordenine from the roots. Both alkaloids were found to be 

radioactive, and after degradation (for details see Leete 

et al., 1952), they showed that all the activity for both alkaloids 

was located in the a-carbon atom of the side chain. These results 

confirm that tyrosine is indeed the precursor of tyramine in the 

biosynthesis of N-methyltyramine and hordenine in barley roots. 

In 1970, Hosoi et al. were able to isolate L-tyrosine carboxyl- 

ase (TC) from the roots of two-day-old barley seedlings. This en- 

zyme was found to catalyze the decarboxylation of tyrosine to 

tyramine, and it required pyridoxal phosphate (PLP) and pH 7.0 

for maximum activity. 

The biosynthetic pathway from tyrosine to hordenine, as de- 

scribed above, is shown in Figure 5, A. The biosynthesis of alka- 

loids in barley roots thus results in the production of two impor- 

tant secondary and tertiary amines, N-methyltyramine and horden- 

ine, respectively. 

In an investigation of the distribution of T-MP along the 

barley roots, Mann et al. (1963) and Steinhart et al. (1964) have 

found the T-MP was not concentrated in any one segment of barley 

roots, but rather spread along the full length of the roots. 
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Consequently, the biosynthesis of N-methyltyramine must occur 

along the whole length of the young rootlets. Mann et al. (1963) 

also concluded that the present evidence suggests that hordenine 

does not migrate any appreciable distance from its biosynthetic 

sites. Tracer studies have also indicated that hordenine and its 

metabolites remain in the roots, with little or no translocation 

to the shoots (Frank and Marion, 1956). 

Gramine and N-Methyl-3-aminomethylindole Alkaloids 

In an investigation of the biosynthesis of gramine from trypto- 

phan in barley shoots, Bowden and Marion (1951) fed d]-tryptophan- 

14 
6-C  to sprouting barley on the sixth day of germination. Radio- 

active gramine was recovered from the shoots on the eleventh day. 

After degradation of the alkaloid it was found that the activity 

resided entirely in a position corresponding to that in the tracer 

administered to the plants. This clearly indicated that tryptophan 

was a precursor of gramine. 

Ten years after this discovery that tryptophan was a precur- 

sor for gramine, Mudd (1961) reported the intermediate precursors 

of this alkaloid. Using trichloroacetic acid (TCA), he extracted 

the intermediate precursors from the shoots of four-day-old barley 

seedlings. After removing TCA and making the extract alkaline, 

the alkaloids were extracted by ethyl ether. The alkaloids were 

subsequently separated, and then identified by PC and ultraviolet 

(UV) spectrometry to be: 3-aminomethylindole and 
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N-methyl-3-aminomethylindole. Further structural confirmation 
14 

was obtained by reacting these alkaloids with SAM-CHg in the 

presence of enzyme extracted from barley shoots to yield gramine. 

Gower and Leete (1963) confirmed Mudd's findings that 

3-aminomethylindole and N-methyl-3-aminomethylindole are the in- 

termediate precursors of gramine. They administered 3-aminomethyl- 

14 14 
indole-2-C  and N-methyl-3-aminomethylindole-2-C  to excised 

shoots of germinating barley resulting in the formation of gramine 

which was labeled solely at CL. 

Spenser (1968) postulated the mechanistic pathway for the bio- 

synthesis of gramine as shown in Figure 5,B. Tryptophan was re- 

acted with pyridoxal phosphate (PLP) followed by loss of the 

a-carbon of tryptophan as a glycine unit. The resulting indoienine 

(I) intermediate was aminated to the primary amine 3-aminomethyl- 

indole (II), followed by methylation in two successive steps to 

yield gramine (IV). The intermediates 3-aminomethylindole (II) 

and N-methyl-3-aminomethylindole (III) had been elucidated by the 

tracer studies described earlier. 

Schneider and Wightman (1974) quantitatively determined the 

levels of gramine and its precursors in the endosperm, shoots and 

roots of Champlain barley seedlings during the first 26 days of 

growth. They found that the concentration of 3-aminomethylindole 

and N-methyl-3-aminomethylindole in the barley shoots reached 

their maximum values of 43.0 and 141 yg/gm fresh weight, respec- 

tively, on the fourth day of germination. The concentration of 
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3-aminomethylindole declined rapidly after the sixth day, and had 

disappeared completely by the ninth day. The concentration of 

N-methyl-3-aminomethyl indole stayed at its maximum level until 

the sixth day after which it then slowly decreased to 7.2 ug/gm by 

the twenty-sixth day. Gramine reached its maximum concentration 

of 623.0 yg/gm on the ninth day, and its concentration then slowly 

decreased to 235 yg/gm by the twenty-sixth day. None of these 

alkaloids were found either in the endosperm or in barley roots. 

The other alkaloids (tryptamine, 5-hydroxytryptamine and N-methyl- 

5-hydroxytryptamine) were found only in trace amounts (< 0.7 yg/gm) 

in the shoots and had disappeared completely after the ninth day. 

From the results described above, the authors concluded that 

gramine and its precursors are biosynthesized in barley shoots, 

and probably are not translocated to other parts of the seedlings. 

Hanson et al. (1981) have recently investigated the effects 

of genotype (variety) on the extent of biosynthesis of gramine in 

barley shoots. Their goal was to find a low gramine grazing crop 

for ruminants. They used 24 barley varieties of which 20 varieties 

were Hordeum vulgare obtained from diverse parts of the world, and 

four varieties were Hordeum spontaneum obtained from the Mediter- 

ranean area. All of the barleys investigated were grown under 

the same conditions. After the seedlings had grown to the three- to 

four-leaf stage (21 days), the shoots were harvested and quantita- 

tively analyzed for gramine. They found that 19 varieties contained 

gramine at levels of > 30 to > 10,000 yg/gm dry weight, and the other 
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five varieties which were all H. vulgare did not contain detectable 

levels of gramine. The conclusions drawn by Hanson et al. (1981) 

were: 

1. For the gramine-deficient varieties (e.g.. Proctor, 

Morex, Coho, Larker and Bowers), this trait could re- 

flect a lack of ability to synthesize gramine, or an 

ability to degrade gramine faster than it is made. 

2. Four H. spontaneum varieties had a high, or very high, 

gramine content. The distribution of gramine among the 

varieties tested was apparently not random as most of 

those originating directly or indirectly from Mediter- 

ranean areas had high gramine levels. 

The biosynthesis of N-methyltyramine and hordenine in 

barley roots, and N-methyl-3-aminomethylindole and gramine in 

barley shoots was important since they are secondary and tertiary 

amines that can form N-nitrosamines upon nitrosation. Since the 

level of these alkaloids in finished maltwasnot known, it is very 

difficult to assess the possibility for the formation of N-nitro- 

mines in malt and the probability of their later transfer to beer.' 

Furthermore, information on the level of these alkaloids would aid 

in the investigation of the source for the precursor for NDMA in 

kilned malt. 
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I. Formation of Non-volatile N-Nitrosamines 
in Malt and Beer 

A non-volatile N-nitrosamine can be distinguished from a vola- 

tile one by the fact that the volatile nitrosamine can be isolated 

from the food matrix by vacuum distillation while the non-volatile 

cannot. 

As discussed in the previous section, there were four 

alkaloids in green malt that theoretically can form non- 

volatile N-nitrosamines. They are N-methyltyramine, hordenine, 

N-methyl-3-aminomethylindole and gramine. 

N-Methyltyramine, a secondary amine, is an ideal candidate 

to form a stable N-nitrosamine. Since this alkaloid forms in 

green malt during germination, it might also undergo nitrosation 

with NO gases during direct-fired kilning of the malt. Further- 
A 

more, since N-methyltyramine has been reported in both malt and 

beer (McFarlane, 1965); the consumption of beer might also increase 

the risk of in vivo N-nitrosamine formation. 

Mangino et al. (1982) and Mangino (1983) have shown that 

nitrosation of N-methyltyramine at room temperature in acetic acid 

(pH 3.4) results in the formation of two non-volatile N-nitrosamines: 

£-hydroxy-N-nitroso-N-methyl-2-phenylethylamine (I in Figure 6A) 

and £-hydroxy-m-nitro-N-nitroso-N-methyl-2-phenylethylamine (II in 

Figure 6A). The yields obtained were 75 and 11.5 percent for 

N-nitrosamines I and II, respectively. The reaction sequence is 

shown in Figure 6A. The high experimental yields obtained indi- 

cated that N-methyltyramine was vulnerable to nitrosation, and 
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Figure 6. Proposed reaction products from the nitrosation 
of N-methyl tyramine and N-methyl-3-aminomethyl- 
indole 

A: Nitrosation of N-methyltyramine 

B: Nitrosation of N-methyl-3-aminomethyl- 
indole 

(After Mangino et al., 1982) 
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that nitrosation by NO gases during the direct-fired kilning of 
A 

malt was a very likely possibility. 

N-Methyl-3-aminomethylindole (III in Figure 6B) was another 

secondary amine found at high levels (141 yg/gm, fresh weight) in 

barley shoots by the fourth day of germination (Schneider and 

Wightman, 1974). The presence of this alkaloid in green malt 

could lead to the formation of non-volatile N-nitrosamines in malt 

and beer. Mangino et al. (1982) and Mangino (1983) have shown 

that room temperature nitrosation of N-methyl-3-aminomethylindole 

(III in Figure 6B) with sodium nitrite in acetic acid (pH 3.4) 

produced two non-volatile N-nitrosamines: N-nitroso-N-methyl-3- 

aminomethylindole (Figure 6B, IV) and N -m'troso-N-nitroso-N- 

methyl-3-aminomethylindole (Figure 6B, V). The yields obtained 

for N-nitrosamines IV and V were, respectively, 26 and 66 percent. 

Hordenine was discussed earlier in this section as a pre- 

cursor for NDMA. McFarlane (1965) reported large amounts of 

hordenine in wort, beer and malt: respectively, 11.1-13.1 mg/L, 

11.7-23.9 mg/L and 67 yg/gm.  As mentioned earlier, Mangino (1983) 

nitrosated hordenine under laboratory conditions and identified 

N-nitrosamine (II) and NDMA among the products (see Figure 2). 

The nitrosation reaction was found to be more complicated than 

predicted by the mechanism proposed by Smith and Loeppky (1967) 

(Figure 1). Clearly, more work needs to be done to fully eluci- 

date the reaction mechanism. Mangino (1983) also discussed in some 

detail the possibility of forming other reaction products. 



42 

Gramine, as mentioned earlier, has been found in barley 

shoots (Schneider and Wightman, 1974; Hanson et al., 1981), but 

gramine has not yet been reported in malt; this was one of the 

objectives of the present study. The presence of gramine in malt 

would be very important, since it has been shown to be extremely 

susceptible to nitrosation to form N-nitrosamines during the kiln- 

ing of malt. Mangino and Scanlan (1981) have shown that the 

nitrosation of gramine with nitrite in acidic media (pH 4.4) at 

650C for 16 hr. produced a 76 percent yield of NDMA. This high 

yield of NDMA might suggest that NDMA is the only N-nitrosamine 

formed. Mangino et al., (1981) suggested the reaction scheme 

shown in Figure 3. 

J. Analysis of Alkaloids in Raw Barley. 
Green Malt, Malt, and Malt Roots 

At the present time there is no analytical scheme available 

to determine the alkaloids of interest in raw barley, green malt, 

malt, or malt roots. The analysis of these alkaloids is compli- 

cated by the heterogeneous constituents commonly found in natural 

products. Furthermore, some of the alkaloids sought may occur in 

malt at trace levels which makes the analysis even more difficult. 

In order to make the analysis feasible, it was necessary to use a 

multi-step procedure: isolation and purification, separation, 

identification and quantitation, and finally confirmation. 
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Isolation and Purification 

In general, most previous investigators used methanol to ex- 

tract the alkaloids of interest from malt, malt roots or malt 

shoots.  The purification step was carried out while the alkaloids 

were in an acidic pH. The alkaloids were then extracted from the 

aqueous phase at an alkaline pH. 

McFarlane (1966) extracted the alkaloids hordenine and N- 

methyltyramine from malt with MeOH by shaking the mixture for 

24 hrs. After filtering, the MeOH extract was completely dried 

in vacuo. The alkaloid residue was made acidic by adding 2 N 

H2SO-, and it was then extracted by ethyl ether (Et20) for 

purification. The aqueous phase, containing the alkaloids, was 

then made alkaline to litmus by adding concentrated NH.OH, and the 

alkaloids were then extracted by Et^O. After evaporation of the 

EtpO, the alkaloids were dissolved in MeOH for further separation. 

McLaughlin and Paul (1966) used chloroform (CHClO to remove 

N-methyltyramine and hordenine from a cactus, Lophophora williamsii, 

After defatting the powered cactus with petroleum ether, the cactus 

was moistened with cone. NH40H : MeOH : CHC13 (1:2:2), macerated 

with cone. NH40H : MeOH : CHC13 (1:9:90), and then extracted with 

CHC1, in a Soxhlet extractor for two to five days. The filtered 

CHC1- extract was then evaporated to dryness. For purification, 

the residue containing the alkaloids was dissolved in 1 N HC1 and 

then extracted with CHC13 to remove extraneous material. Concen- 

trated NH»0H was then added to the aqueous phase to raise the pH to 
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9.5 and the alkaloids were finally obtained by extraction using CHC13, 

Very recently.. Slack and Wainwright (1981) used a method 

similar to that of McFarlane (1965) to isolate and purify the al- 

kaloids of green and kilned malts. They used MeOH standing on malt 

overnight to extract the alkaloids. The filtered MeOH extract con- 

taining the alkaloids was evaporated to dryness, and the alkaloid 

residue was then dissolved in 2 N ^SO.. Ethyl acetate (EtOAc) 

was used to extract the acidic phase for purification, as well as 

to extract the acidic phase made basic to obtain the alkaloids. 

The alkaloids were then ready for further analysis. 

For the isolation of N-methyltyramine from barley roots, 

Kirkwood and Marion (1950) also used a method similar to that de- 

scribed by McFarlane (1966), except that the alkaline fraction was 

extracted with Et20 for 48 hr. in a continuous liquid-liquid extrac- 

tor. The ether extract was then re-extracted with 2 N H?S04 for a 

second purification. The aqueous phase was then made alkaline with 

cone. NH-OH and extracted with ether for another 48 hr. to obtain 

the alkaloids for further analysis. 

The above method was also used to recover labeled alkaloids 

during an investigation on the formation of hordenine and 

N-methyltyramine from either tyramine or tyrosine using the tracers 

tyramine-C  and tyrosine-2-C  (Leete et al., 1952; Leete and 

Marion, 1953). 

In an investigation of the biogenesis of gramine from trypto- 

phan in barley shoots, Bowden and Marion (1951) extracted gramine 
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from barley shoots with MeOH in a Soxhlet extractor for 48 hr. 

After filtering and evaporation of the solvent, 2 N HUSO, was then 

added to the alkaloid residue and the alkaloids were then puri- 

fied by extracting with Et^O. The aqueous phase, containing the 

gramine, was cooled in ice and made alkaline with sodium hydroxide 

and then extracted with Et20 to obtain gramine. 

The gramine precursors, 3-aminomethylindole and N-methyl-3- 

aminomethylindole, were isolated by Mudd (1961) from four-day-old 

barley shoots using TCA; the TCA was later removed by Et^O. The 

aqueous phase was then made alkaline and extracted with Et^O to 

obtain the alkaloids (Mudd, 1961). A mixture of chloroform and 

concentrated ammonia solution has also been used to isolate gramine 

from barley shoots (Gower and Leete, 1963; Digenis, 1969). After 

standing two days, the barley-solvent mixture was filtered and 

the filtrate was then evaporated to dryness before acidifying. 

Et?0 was used to purify the acidic phase, as well as to extract 

the alkaloid from the basic phase as described above. 

Recently, Hanson et al. (1981) isolated gramine from barley 

shoots using an acidic (0.1 N HpSO.) extraction. The acidic ex- 

tract was then purified by extracting with a mixture of MeOH : CHC1- 

H20. After centrifuging, the CHCU layer was discarded, and the 

aqueous phase was made alkaline by adjusting the pH to 12, and it 

was then extracted by CHC13. The alkaloid in CHCl, was then ex- 

tracted with HC1 for further analysis. 
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Separation and Identification 

The alkaloids of interest obtained as the residue in the final 

alkali extract were individually separated for identification or 

quantitation. Physical properties, such as melting point, and 

chromatographic behavior (PC and TLC) are often used. 

Kirkwood and Marion (1950) separated N-methyltyramine from 

the residue of the alkali extract by distilling under reduced 

pressure. The alkaloid was further purified by recrystallization 

from anisole, before final identification was obtained by comparing 

the melting point and elemental analysis with authentic N-methyl- 

tyramine. Bowden and Marion (1951) used sublimation and elemental 

analysis to respectively separate and identify the alkaloid 

gramine from their final extract residue. 

PC has been widely used to separate and identify alkaloids 

by comparing Rf values of unknowns with those of standards. Leete 

et al. (1952) and Leete and Marion (1953) used PC at pH 8.0 to 

separate tyramine, N-methyltyramine and hordem'ne from barley 

root extract. The alkaloid spots were detected by spraying with 

Millon's reagent. Identification was carried out by comparing 

Rf values with those of authentic samples that were co-chromato- 

graphed. 

PC has also been used to separate and identify gramine and 

its' precursors, 3-aminomethylindole and N-methyl-3-aminomethylin- 

dole, in the same way as described above for hordem'ne and its 
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precursors (Mudd, 1961; Hanson et al., 1981). Slack and Wainwright 

(1981) used PC to separate hordenine from malt extract in an in- 

vestigation of hordenine as a precursor for NDMA. The hordenine 

zone on the chromatogram was cut out for nitrosation with nitrite. 

Thin layer chromotography (TLC) is another method which is 

widely applied to separate and identify the alkaloids from plants. 

McLaughlin and Paul (1966) described many TLC solvent systems that 

could be used to separate alkaloids. They cited the Rf values for 

many alkaloids obtained from several solvent systems as well as 

the spray reagent used for detection. Ranieri and McLaughlin 

(1975) have summarized the results of spraying primary, secondary, 

tertiary, and quaternary amines sequentially with fluorescamine 

(4-phenylspiro [furan-2(3H), r-phthalan]-3,3'-dione), dansyl 

chloride (5-dimethylaminonaphthalene-l-sulfonyl chloride), and 

iodoplatinate; the colors developed can be used to not only de- 

tect but to also distinguish the alkaloids of interest. 

Digenis (1969) used TLC to separate and identify gramine 

from barley shoot extracts; the spots were visualized by spraying 

the developed chromatograms with Dragendorff's reagent. Hanson 

et al. (1981) used both TLC and TLE (high voltage thin layer 

electrophoresis) to separate gramine from an acid extract of 

barley shoots. They used Dragendorff's reagent and £-diniethyl- 

aminocinnamaldehyde as spray reagents. TLC has also been used 

to separate and identify N-methyltyramine and hordenine from malt 

extract by comparing Rf values, and the color developed with 



48 

Folin's reagent, with authentic amines (McFarlane, 1965; 

McFarlane, 1966). 

Column chromatography has also been used to separate hordes- 

nine from N-methyltyramine in the final malt extract. Leete et 

al. (1952) separated the alkaloids by mixing a methanolic solution 

of crude alkaloids with benzene and the mixture was then chroma- 

tographed on an activity 0-1 alumina column. Hordenine was 

eluted with a ten percent solution of MeOH in benzene, and the 

N-methyltyramine was then eluted with pure MeOH. McFarlane 

(1966) used this same method to separate hordenine and N-methyl- 

tyramine from extracts of malt, beer, wort or malt roots, except 

that the alumina used was acid-washed. 

There have been numerous reports on the use of high perform- 

ance liquid chromatography (HPLC) with a reverse phase column to 

separate amines and related compounds. The columns and mobile 

phases used vary from one system to another, based upon the types 

of amines being separated. Only one attempt has been reported, 

however, in using HPLC with a reverse phase column to separate 

the alkaloids from malt (Slack and Wainwright, 1981). The malt 

alkaloids were separated on a Partisil SCX 10 ym cation exchange 

resin column with effluent monitoring at 280 nm wavelength. There 

was, however, no mention in the study cited on the solvent system 

used. 

Due to a widespread interest in the biogenic amines and 
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their metabolites, HPLC with a reverse phase column has been de- 

veloped to separate and quantitate these amines and related com- 

pounds (Knox and Jurand, 1976; Molnar and Horvath, 1976; McMurtrey 

et al., 1976; Davis et al., 1978; Crombeen et al., 1978; Scratch- 

ley et al., 1979; Asmus and Freed, 1979). The discussion which 

follows was confined to those reports from which some techniques 

were adapted in developing the methods used in the present study. 

Molnar and Horvath (1976) have shown that with a reverse 

phase column HPLC can separate in a single run both the acidic 

and basic components of the biogenic amines along with their 

metabolites. They used a Parti si 1 C,,, column with a phosphoric 

acid-potassium phosphate mobile phase in an isocratic mode. The 

concentration and the pH range of the mobile phase used were, re- 

spectively, 0.05-0.2 M ard 1.9-4.6. 

Using a gradient mobile phase, HPLC has been used to separate 

histamine, norepinephrine, octopamine, normetanephrine, 

aopdinnir.:, and serotonin, in plasma, brain, or urine (Davis et al . , 

1978). The amines were modified by pre-column derivatization with 

£-phthalaldehyde. The separation was accomplished on a 

M-Bondapak-phenyl column using a stepwise gradient of methanol/ 

phosphate buffer at pH 5.1. The concentration of the phosphate 

buffer used was 0.05 M NaH^O.. 

Knox and Jurand (1976) investigated the separation of the 

catecholamines and their metabolites by comparing the utility of 

three HPLC systems: liquid-solid adsorption (LSA), ion-pairing 
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partition (IPP), and soap chromatography (SC). Their conclusion 

was, that although all three systems were suitable for the separa- 

tion of the catecholamines, SC, having the highest plate efficiency 

gave the best resolution. The column packings for IPP and SC 

were not the same; Knox and Jurand used C,8 for SC, but not for 

IPP. Since Molnar and Horvath (1976) have shown that a phosphate 

buffer mobile phase with a C,o column could be used to chromato- 

graph the catecholamines, Asmus and Freed (1979) investigated 

the utility in similar systems of various common acids as ion- 

pairing reagents. 

The column used was a reverse phase y-Bondapak C,,.. The 

mobile phases used were nitric, sulfuric, acetic and trichloro- 

acetic (TCA) acids at pH 2-5, and the anion concentration ranged 

from 5-500 mM. It was found that mobile phases consisting of 

the strong inorganic acids or TCA gave good retention, symmetric 

peaks, and high resolution. Chromatography was compared to that 

obtained using the detergent sodium octylsulfate (soap chromato- 

graphy). TCA as a mobile phase gave retention and efficiency 

similar to sodium octylsulfate. These experiments indicated that 

simple acids can replace alkylsulfate as ion-pairing reagents for 

the separation of the catecholamines and their metabolites. 

Detection and Quantitation 

There have been only a few methods reported for the quantita- 

tive determination of the alkaloids from malt. Most of the 
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methods reported are lacking in sensitivity and specificity; and 

furthermore, there is no method reported to determine together in 

a single run both the phenolic and indolic alkaloids. All of the 

previously reported methods required the prior separation of each 

alkaloid before its quantitative determination. 

N-Methyltyramine and hordenine from malt, malt roots, malt 

acrospires, beer and wort were first quantitated by McFarlane 

(1965) using a colorimetric determination. Each alkaloid was 

treated with Folin's reagent to develop the chromophore. The 

colorimetric determination was carried out at 750 nm, and the 

amount of alkaloid was calculated from a standard curve previously 

prepared using authentic N-methyltyramine and hordenine. The 

percent recovery starting from the extraction step was also reported. 

Slack and Wainwright (1981) have presented a standard curve 

prepared for several concentrations of standard hordenine and 

its' corresponding peak weight obtained from HPLC using a reverse 

phase column. In their report, however, the concentration of the 

alkaloid hordenine from malt was estimated from a colorimetric 

determination. The spot for hordenine, separated by paper chroma- 

tography from malt extract, was cut out and then reacted with 

Folin's reagent for a colorimetric determination. No other details 

were reported, such as the standard curve for the colorimetric 

determination, or the conditions used. 

There have been two reports on the quantitation of the alka- 

loid gramine from malt shoots. Schneider and Wightman (1974) 
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determined gramine and its' precursors 3-aminomethylindole and 

N-methyl-3-aminomethylindole in a malt shoot extract using paper 

chromatography followed by treatment of the developed paper with 

£-dimethylaminocinnamaldehyde followed by densitometry of the 

colored spots. The values for gramine and its' precursors were 

calculated from a linear standard curve which was expressed in 

gramine equivalents. 

Hanson et al. (1981) used three methods, spectrophotometry, 

densitometry after PC, and densitometry after TLE (thin layer 

electrophoresis), to determine quantitatively the amount of 

gramine in 24 varieties of barley shoots. However, for most de- 

terminations the spectophotometric method was used. The absorb- 

ance measurements on the acid extract of malt shoots was carried 

out at 270 nm. A correction for background was determined using 

gramine-free barley shoots. The amount of gramine was established 

from a standard curve for authentic gramine. 

There have been no reports that HPLC has been used to quanti- 

tate the amount of malt alkaloids. Davis et al. (1978) have shown 

that HPLC can be used to quantitate the amount of biogenic amines 

at very low levels. Molnar and Horvath (1976) have shown that 

HPLC with a reverse phase column can separate and quantitate the 

biogenic amines and their metabolites in a single run. A similar 

procedure using HPLC was developed and used in the present study. 
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Confirmation 

In the early studies, the identity of each alkaloid was con- 

firmed by methods such as elemental analysis and derivatization or 

degradation; these methods are tedious, time-consuming and require 

large amounts of samples. 

Kirkwood and Marion (1950) confirmed the identity of 

N-methyltyramine from barley roots by comparing the data from ele- 

mental analysis with the theoretical values. The identities were 

further confirmed using derivatization, for example, the methiodide 

derivatives of N-methyltyramine and hordenine were prepared and 

the melting point and, in some cases, the elemental analysis of 

the derivatives were compared to those of authentic samples. 

Kirkwood and Marion (1951) and Leete et al. (1952) also used the 

method described above to confirm the identity of hordenine 

isolated from barley roots. 

In addition to elemental analysis, degradation of the com- 

pound has also been employed to confirm the identity of an alka- 

loid. For example, Bowden and Marion (1951) degraded gramine ob- 

tained from barley shoots, to ethyl dimethyl amine picrate or 

indole-3-carboxyl picrate and the melting point and elemental 

analysis of the degradation products were compared with data from 

authentic compounds. 

Many authors have preferred to use PC and TLC as isolation 

methods and also for confirmation since these methods are rela- 

tively simple and accurate, however, they also have the limitation 
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of being less sensitive for some applications. From Rf values and 

the colors developed, using reagent sprays, an alkaloid can be 

fairly well identified and confirmed. Slaughter and Uvgard (1971), 

for example, used ninhydrin, nitroprusside and Ehrlich reagents to 

differentiate between aliphatic, ring compounds, and secondary, 

tertiary, or other amines. Ranieri and McLaughlin (1975) have 

shown that by sequentially spraying the developed PC or TLC chroma- 

togram with fluorescamine, dansyl chloride and iodoplatinate, one 

could distinguish primary, secondary or tertiary amines from one 

another by observing the color changes. 

Because of its high sensitivity, some investigators have 

used UV as a confirmatory test with TLC analysis. Mudd (1961) 

eluted the TLC spots for gramine and its precursors and then 

confirmed their identities by UV measurements. Hanson et al. 

(1981) used UV to check the impurities of a gramine solution 

prior to the spectophometric determination of gramine. UV has also 

been used to help confirm the identify of 5-hydroxytryptamine 

isolated from tomato shoots (Schneider et al., 1972). 

HPLC with a reverse phase column has been used to confirm the 

presence of alkaloids in a malt extract. Slack and Wainwright 

(1981) confirmed the presence of hordenine and gramine in a malt 

extract by spiking the extract with standard compounds and ob- 

serving that the hordenine and gramine peak heights had been en- 

hanced. In the determination of biogenic amines in body fluids, 

Davis et al. (1978) identified and confirmed the amine peaks on 
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the basis of retention time by comparison with standards, and 

also by co-chromatography with standards using different solvent 

systems. 

There have been no reports that the identity of the barley 

alkaloids have been confirmed by mass spectral data, nor was MS 

considered obligatory for the confirmation of the alkaloids of 

Interest. This was probably due to the fact that no interference 

or complications had yet been reported involving the identification 

of these alkaloids. However, since MS was considered one of the 

most reliable means of confirming the identity of a compound, MS 

was chosen to be used in this study for obtaining spectra on all 

the alkaloids that might be found in malt. 
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■III. EXPERIMENTAL 

A. Reagents and Equipment 

All varieties of malt used in this study were Hordeum vulgare. 

Raw barley, green and kilned malt were obtained from the Great West- 

ern Malting Co., Vancouver, Washington. Freeze-dehydration of green 

malt was carried out in a Hull pilot scale freeze-dehydration unit. 

The temperature of the malt was approximately 180C throughout the 

freeze-drying operation. The rootlets of electrically dired and 

freeze-dried malts were manually removed on a precision sieve (slot- 

ted, 0.09 x 9.75 in); this yielded clean malt. Raw barley, clean 

malt, or malt roots were ground in an Osterizer blender using a 

"baby food" holder before weighing and use in an experiment. 

Low resolution mass spectrometric analyses were carried out 

with two different instruments: the first part of the work was 

done on a Finnigan 1015C quadrupole spectrometer which was inter- 

faced to a Riber 400 data system. This system was comprised of a 

Digital Equipment Corp. POP 8/E minicomputer, a Diablo 31 disk 

system and a Tektronix 4010-1 display terminal. The second part 

of the work was performed on a Finnigan-MAT CH-7 single focusing 

magnetic (sector) mass spectrometer which was interfaced to a 

System Industries System 150 data system. 

GC-TEA was carried out on a Varian model 1400 GC coupled to a 

Thermal Energy Analyzer from the Thermo Electron Corp. The GC 

column was a 10 ft x 1/8 in. ID stainless steel column packed with 

20 percent Carbowax 20 M plus two percent NaOH coated on 100/120 
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mesh Chromosorb W-AW as the support. The column was operated at 

170oC, the injection port was 170oC and the helium gas flow rate was 

30 mL/min. 

High performance liquid chromatographic (HPLC) analyses were 

performed on a Spectra-Physics model 8000 with a fixed wavelength 

model SP 8200 detector, or a variable wavelength model SP 8440 UV/vis 

detector. All four A, B, C and D HPLC columns used were reverse 

phase with 250 x 4.6 mm dimensions and 10 micron packing; the 

column names were, repectively: u-Bondapak-Phenyl, Alltech CN, 

Spherisorb 10-0DS, and Partisil 10-0DS. All the columns used 

were commercially available. The columns and mobile phases used 

are shown in Table 2. Solvents used in HPLC analysis were deion- 

ized water (O), 0.1 M trichloroacetic acid (TCA), 0.05 M sodium 

monobasic phosphate (NaH2P04) and methanol (MeOH); all solvents 

were filtered through 0.45 micron Millipore filters before use. 

Thin layer chromatography (TLC) utilized pre-coated TLC plates 

(Silica Gel 60 F-254 from EM Laboratories, Inc.) using the following 

solvent mixture: diethyl ether (Et?0): MeOH: 28 percent ammonium 

hydroxide (NH40H); (17:2:1, v/v/v). 

Petroleum ether (pet. ether), chloroform (CHC1-), MeOH and 

ethyl acetate (EtOAc) were glass distilled solvents obtained from 

the Burdick and Jackson Co. The following compounds and reagents 

were obtained from the Sigma Chemical Co.: fluorescamine, hordenine 

hemisulfate, tyramine, gramine, iodoplatinate and dansyl chloride. 

Methyl nicotinate, dimethyl amine hydrochloride and N,N-dimethyl- 

5-methoxytryptamine were purchased from the Aldrich Chemical 
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TABLE 2. Gradient Mobile Phases Used for HPLC 

Column: Mobile Phase 1: 

—:.-. — 

A - y-Bondapak-iPhenyl Time, i min.  % .05 M NaH2 

100 

PO4 % MeOH 

B - All tech CN 0 0 
2 95 5 
4 90 10 
8 80 20 

10 75 25 
12 70 30 
24 70 30 
26 80 20 
28 90 10 
30 100 0 

Column: Mobile Phase 2: 

C - Spherisorb ODS Time, min. %  0.1 M TCA %  MeOH 

0 75 25 
4 70 30 
6 65 35 
8 60 40 

10 55 45 
18 55 45 
20 65 35 
22 75 25 

(continued) 
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Column: 

C-Spherisorb ODS 

Mobile Phase 3: 

Time, min. % 0.1 M TCA % MeOH 

0 80 20 
6 70 30 
8 65 35 

10 60 40 
12 55 45 
20 55 45 
22 65 35 
24 70 30 
26 75 25 
28 80 20 

Column: 

D-Partisil ODS 

Mobile Phase 4: 

Time, min. %  0.1 M TCA % MeOH 

0 90 10 
4 80 20 

10 70 30 
12 60 40 
14 55 45 
20 55 45 
22 65 35 
24 75 25 
26 85 15 
28 90 10 
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Co. J. T. Baker Chemical Co. ("Baker Analyzed" grade) was the 

source for: sodium phosphate (both monobasic and monohydrate), 

sodium nitrite (food grade), 28 percent NH.OH, glacial acetic acid 

(AcOH), phosphoric acid (H-POJ, sodium hydroxide (NaOH) pellets, 

and hydrochloric acid (HCl). All other solvents and reagents used 

were of the best analytical grade available. 

N-Methyltyramine and N-methyl-3-aminomethylindole were syn- 

thesized in this laboratory by Mangino (1983); standard solutions 

of the authentic amines were prepared in MeOH. 

B. Extraction Procedure for Isolation 
of Alkaloids from Malt 

Part 1: Extraction of Alkaloids 
from Malt 

The procedure for extraction of alkaloids is shown in Figure 7. 

Freeze-dried malt was ground in an Osterizer blender. Five one- 

hundred gm samples of ground malt were each placed in 1 L Erlen- 

meyer flasks. To reduce the lipid content, 400 mL of pet. ether 

was added and the solution was stirred with a magnetic bar for 3 hr. 

The pet. ether was removed with suction using a Buchner funnel with 

Whatman #1 filter paper. The ground malt residue was then washed 

three times with 130 mL of pet. ether and air-dried. 

The pet. ether-extracted malt was returned to the original 

flask and it was purged with nitrogen gas. Then 400 mL of a solu- 

tion containing five percent concentrated ammonium hydroxide 
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Figure 7. Schematic procedure for extraction 
of alkaloids from malt. 
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Ground Malt (100 gm) 

Step 1. Ammonium 
Hydroxi de-Methanol 
Extraction 

1) defat with pet. ether 

2) extract with 5% NH.OH in MeOH 
for 24 hr. at room temperature 

3) filter 

Ammonium Hydroxide-Methanol Extract 

Step 2. Acidic 
Purification 

1) evaporate MeOH 

2) extract with 1 N HCL 

3) extract with DCM 

4) extract with CHCK 

Acidic Solution 

Step 3. Basic 
Extraction 

1) raise pH to 9.0, saturate solu- 
tion with NaCl and extract with 
EtOAc 

2) raise pH to 10.15 and extract 
with EtOAc 

3) pass EtOAc extract through anh. 
Na2S04 

Ethyl Acetate Extracts 

Step 4. Final 
Purification 
(Alumina Column 
Chromatography) 

1) evaporate to dryness 

2) dissolve in 1-2 mL MeOH 

3) apply to A1203 column 

4) elute with 200 mL MeOH and re- 
duce volume to 1 mL 

Methanol Extract (1 mL) 

I 
T 
HPLC 

Figure 7 
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(cone. NH-OH) in MeOH was added and the solution was stirred with 

a magnetic bar at room temperature. To inhibit oxidation, the 

solution was continuously purged with nitrogen gas during the 

course of the extraction. 

After 24 hr. the solution was filtered with suction on a 

Buchner funnel with Whatman #1 filter paper, and the marc was 

washed three times with 130 mL of five percent cone. NH-OH in 

MeOH. All filtrates were combined and the methanol was removed 

by a rotary evaporator at 40° - 50oC. The residue was then ex- 

tracted with 25 mL of 1 N HC1. The next two successive extrac- 

tions were with 25 mL of dichloromethane (DCM) mixed with 25 mL of 

1 N HC1. The fourth extraction was with 25 mL of 1 N HC1. The 

combined extracts containing the alkaloids were transferred to a 

250 mL separatory funnel and upon gentle shaking the solution 

separated into two layers. The DCM layer was discarded and the 

aqueous phase was extracted with 3 x 40 mL of pure DCM followed by 

5 x 40 mL of pure chloroform (CHC1-). The partially purified 

acidic solution containing the alkaloids was then transferred to 

a 250 mL beaker and the pH of the solution was adjusted to pH 

9.00 with cone. NHLOH. The basic solution was then saturated 

with sodium chloride (NaCl) and then extracted with 5 x 40 mL 

ethyl acetate (EtOAc). Gentle shaking generally prevented trouble- 

some emulsion formation. During the extraction, the pH of the 

solution was checked and readjusted to pH 9.00 as required. The 

pH was then raised to pH 10.15 with concentrated NHLOH and the 
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solution was extracted with 4 x 50 mL EtOAc. It was necessary to 

check and maintain the solution at pH 10.15 during the extraction. 

The EtOAc extracts were dried by passage through a filter contain- 

ing anhydrous sodium sulfate (anh. ^SOJ. The EtOAc was then re- 

moved from the extract on a rotary evaporator at 40oC, and finally 

the extract was dried under a stream of nitrogen gas. The residue 

from the extract containing the alkaloids was then dissolved with 

1-2 mL of MeOH. 

Alumina column chromatography was used for final purification. 

Alumina was activated at 1150C overnight and cooled to room temper- 

ature. A CHC1- slurry containing 15 gm of activated alumina was 

transferred to the column. After rinsing the column with 50 mL of 

CHC1-, the MeOH solution containing the alkaloids was applied to 

the column. The alkaloids were then eluted from the column with 

200 mL MeOH. The volume of MeOH eluate was reduced to approximately 

2 mL on a rotary evaporator, transferred to a concentration tube, 

and further concentrated to 1 mL under a stream of N2. The con- 

centrated malt alkaloids were then filtered with a 0.45 y disposable 

Acrodisc filter prior to injection into the HPLC for quantitative 

determination of the alkaloids. The details for the HPLC deter- 

mination will be discussed in Section C, EXPERIMENTAL. 

Part 2: Determination of Recovery 

An extracted malt was used in this study. It was prepared by 

extracting a ground malt with five percent cone. NH.OH in MeOH; 
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800 gm of ground malt was extracted at room temperature with 1 L 

of five percent NH-OH in MeOH for 24 hr. The extracted malt was 

then filtered with suction and washed with at least 600 mL of five 

percent cone. NH.OH in MeOH. Finally, the extracted malt was 

air-dried. Five one-hundred gram samples of the above extracted 

malt were each placed in 1 L Erlenmeyer flasks. One sample served 

as a blank; the other four samples were spiked with standard 

amines as shown in Table 3. The added amines were recovered from 

the extracted malt using the extraction procedure described in 

Part 1 above, except that defatting with pet. ether was deleted. 

The amines in the final extract (1 mL) were quantitatively deter- 

mined using HPLC by comparison with the peak areas of the original 

standard solution; the amount of each amine, as well as percent re- 

coveries, were then calculated. The determination by HPLC will be 

discussed in Section C, EXPERIMENTAL. 
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TABLE 3. Amount of Standard Amines Added to the Extracted Malt 

Standard amines 

Sample no. and amount added (yg) 

Range ,a 

yg/gm 1 2 3 4 5 

N-Methyltyramine 

Hordenine 

N-Methyl-3-amino- 
methyl indole 

Gramine 

0 

0 

0 

0 

490 

520 

120 

120 

1540 

1470 

360 

300 

3090 

3170 

730 

650 

5170 

5280 

1200 

910 

0 - 51.7 

0 - 52.8 

0 - 12.0 

0 - 9.1 

aBased on the amount of standard amines added to 100 gm of 
extracted malt. 
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C. Separation and Quantitation of 
Alkaloids by HPLC 

The alkaloids in the malt extract obtained following the pro- 

cedure described (section B, part 1 of EXPERIMENTAL) were quanti- 

tated by HPLC. The 10 yl sample loop was used. The wavelength of 

the UV detector was 280 nm. The temperature of the column was 350C, 

and the flow rate was 1.8 mL/min with a gradient mobile phase. 

Two systems of mobile phases were used; a phosphate buffer and 

an ion-pairing system. The phosphate buffer used was 0.05 M Nal-LPO,,, 

pH 3.00, which was prepared by dissolving 6.9 gm of NaHLPO.'hLO 

in 1 L of deionized water. The pH of the solution was then adjusted 

with HoPO. to pH 3.00. The ion-pairing solution was 0.1 M trichlor- 

oacetic acid (TCA), pH 3.00, which was prepared by dissolving 16.34 

gm of TCA in 1 L of deionized water; then 3.8 gm of NaOH pellets 

were added to the solution. Finally, the pH of the solution was 

adjusted to pH 3.00 with 6 N NaOH. Both the phosphate buffer and 

ion-pairing solutions were freshly prepared before use and all 

mobile phase solutions were filtered through 0.45 y Millipore fil- 

ters before being used. The columns and mobile phases used are 

listed in Table 2. For the quantitative determination of N-methyl- 

tyramine and hordenine, column A with mobile phase 1 was used; both 

the malt extract and standard amine solution were run under the 

same conditions. The average peak area from at least two analyses 

of both malt extract and standard solution was used in the quanti- 

tation of the alkaloids in malt. 
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For the determination of gramine, column C with mobile phase 

2 or 3 was used. In the same manner as above, the average peak 

area was used to calculate the amount of gramine in the malt ex- 

tract by comparison with the peak area obtained from standard 

gramine. 

D. Quantitative Determination of Alkaloids 
in Malt, Green Malt, Malt Roots 

and Raw Barley 

Part 1: Survey of Alkaloids in 
Malted Barley 

Ten varieties of malted barleys were used in this experiment. 

The first seven samples (see Table 6) were germinated in the pilot 

malting process, whereas the last six samples were from two differ- 

ent lots of a commercial malting process. They were all "direct 

fired" malted barleys. The preparation of the samples (de-rooting 

and pulverizing) was the same as described in Section A, EXPERIMENTAL. 

A sample of 100 gm ground malted barley was used for analysis. 

The amine alkaloids were extracted according to the extraction pro- 

cedure described in Section B, Part 1, EXPERIMENTAL. The final ex- 

tract of each sample was adjusted to 1 mL, and the alkaloids were 

quantitated by HPLC as described in Section C, EXPERIMENTAL. 
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Part 2: Determination of Alkaloids in 
Barley, Clean Malt, and Malt 
Roots from Barleys that Were 
Grown under the Same 
Conditions 

Five varieties of raw barleys, Karl a, Morex, Klages, Piroline 

and Steptoe, which were grown under the same conditions of tempera- 

ture, moisture, fertilizer, etc. were selected for this experiment. 

The raw barleys were analyzed for alkaloids before germination. 

The raw barleys were then carried through the pilot steeping, ger- 

mination and kilning procedure at the Great Western Malting Co. 

Kilning was carried out by direct heat in a Seeger electric pilot 

malt kiln until the moisture content was about four percent. This 

pilot kilning procedure approximated the commercial kilning pro- 

cess, except that the malts were not exposed to nitric oxide gases 

(N0x). 

All cleaned malt and malt roots were analyzed for the alka- 

loids separately using the following procedures: 

1. Determination of Alkaloids in Raw Barley 

Each raw barley was ground in an Osterizer blender and 100 gm 

of this ground barley was extracted according to the procedure 

described in Section B, Part 1 of EXPERIMENTAL, but without 

extracting first with pet. ether. The alkaloids in the 

final extract were determined by HPLC as described in Section C, 

EXPERIMENTAL. The values of alkaloids were reported on a dry 

weight basis. 
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2. Determination of Alkaloids in Malt Roots 

Dried malt roots were ground in the same manner as described 

above. The extraction procedure followed the method described 

in Section B, Part 1 of EXPERIMENTAL, with the following modifi- 

cations: Step 1 (see Fig. 7), a sample of 10 gm of ground malt 

roots was used. Without first defatting with pet. ether, 

200 mL of five percent cone. NHLOH in MeOH was used to extract 

the alkaloids. In Step 2, the acid extraction first used 

2 N HC1 and then 1 N HC1 as described in Section B, Part 1 of 

EXPERIMENTAL. For Step 4, the final purification of the ex- 

tracted alkaloids on the alumina column, 400 mL of MeOH was 

used to elute the alkaloids and the volume of the eluate was re- 

duced to 3 mL instead of 1 mL. The final extract was further 

diluted 1:2 with one percent concentrated HC1 in MeOH before 

injecting into the HPLC. The analysis by HPLC was as described 

in Section C, EXPERIMENTAL. 

3. Determination of Alkaloids in Clean Malt 

The extraction of the alkaloids from clean malt followed the 

procedure described in Section B, Part 1 of EXPERIMENTAL and the 

HPLC analysis of the alkaloids was described in Section C, EXPERI- 

MENTAL. 

Part 3: Determination of Alkaloids Bio- 
synthesized during the 
Malting Process 

Five varieties of raw barleys were chosen: Winter, Morex, 
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Klages, Piroline and Steptoe. Two of these varieties, Winter and 

Steptoe, were previously found to contain detectable levels of 

gramine. The preparation of malt samples is illustrated in Figure 

8. Before germination, each raw barley was quantitatively analyzed 

for the alkaloids, as described in Part 2 above. The raw barleys 

were then carried through the pilot steeping and germination pro- 

cedure at the Great Western Malting Co. After the green malt of 

each variety was obtained (see Fig. 8), it was divided into two 

portions. One portion of each variety was cooled with ice for ship- 

ment to the Department of Food Science and Technology where it was 

quickly blast frozen. The sample was then freeze-dried at room 

temperature until the moisture content was reduced to about four per- 

cent. The second portion of each variety was dried by direct 

electric heat, as described in Part 2 above, until the moisture 

content was about four percent. Again, the malts were not exposed 

to NO . x 

Both samples of "freeze-dried" and "electric-dried" (kilned) 

malts of each variety were manually cleaned to remove the rootlets 

in the same manner as mentioned in Part 2 above. For each variety, 

five samples (raw barley, freeze-dried clean malt, freeze-dried malt 

roots, kilned clean malt, and kilned malt roots) were analyzed for 

their alkaloid content according to the extraction and HPLC analyti- 

cal procedures described in Part 2 above. 
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Figure 8. Schematic representation of malt sampling for the 
determination of alkaloids biosynthesized during 
malt processing 
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E. Confirmation of Identity for Alkaloids Extracted 
from Malted Barley, Roots 

and Raw Barley 

For eleven varieties of malted barleys used in this study, nine 

varieties were found to have two alkaloids of interest, N-methyl- 

tyramine and hordenine, but not gramine. The results of HPLC ana- 

lyses of the malt extract from the nine varieties were very similar; 

the main difference being quantitative. For convenience, the malt 

extracts from more than one variety were pooled in the confirmatory 

examinations for N-methyltyramine or hordenine. Likewise, the malt 

extracts from the remaining two varieties. Winter and Steptoe, which 

were found to contain the alkaloid gramine, in addition to N-methyl- 

tyramine and hordenine, were pooled for the confirmation of gramine. 

Part 1: High Performance Liquid 
Chromatography (HPLC) 

An aliquot (0.2 mL) of malt (malt root or raw barley) extract 

obtained from the extraction procedure described in Section B, 

Part 1, EXPERIMENTAL, was placed in a 2-mL Chromaflex sample tube. 

The standard solution of N-methyltyramine, hordenine, or gramine 

with at least 122 yg, 150 yg, or 45 yg, respectively, was added to 

each portion of the extract. The volume was then reduced to the 

original level with a stream of nitrogen gas. 

The spiked and original malt extracts were subsequently an- 

alyzed by HPLC with both the phosphate buffer and ion-pairing 

systems. The conditions for HPLC were the same as described in 

Section C, EXPERIMENTAL. 
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Part 2: Thin Layer Chromatoqraphy 
(TLC) 

Twenty microliters of malt, malt root, or raw barley extracts 

were spotted on a silica gel TLC plate. Standard amines (N-methyl- 

tyramine, hordenine, gramine and tyramine) were also co- 

chromatographed. The amounts of standard amines used were 91 yg, 

100 yg, 45 yg and 45 yg, respectively. The mobile phase was Et^O: 

MeOH: NH.OH (170:20:10, v/v/v) and it was freshly prepared for every 

run. The developed plate was air-dried and then sprayed; first 

with fluorescamine, secondly with dansyl chloride, and finally with 

iodoplatinate. After each spray application, the plate was examined 

under UV light, except for after the last spray where the spots 

could be seen with visible light. The Rf values and the color 

developed for each spot were compared with standard amines. 

Part 3: Ultraviolet Spectrometry 

Two sample sets, A and B, of 81-Winter malt were used in this 

study. For set A, 162 gm of ground malt was extracted according to 

the procedure described in Section B, Part 1, EXPERIMENTAL. The 

final extract was 1 mL. HPLC with column A and mobile phase 1 was 

used to analyze the alkaloids as previously described in Section C, 

EXPERIMENTAL. Twenty 10 yL injections were made and the fraction 

for each alkaloid peak (peaks #2, 3, and 5) was collected. Each 

collected fraction was then analyzed by UV and the s'pectrum of 

each fraction was compared to the spectra of standard amines. 
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For sample set B, three 235 gm samples of 81-Winter malt were 

used. Each sample was separately extracted according to the pro- 

cedure described in Section B, Part 1, EXPERIMENTAL, except that 

600 mL of pet. ether and five percent cone. NH.OH in MeOH were used 

instead of 400 mL as described. The volume of final extract of 

each sample was 1 mL. The three extracts were combined, and then 

analyzed by HPLC using column D and mobile phase 4, or with column 

C and mobile phase 2 or 3. The conditions used were as described 

in Section C, EXPERIMENTAL, except that the 50 yL sample loop was 

used. The fraction for each peak of the alkaloid of interest, were 

collected and subsequently analyzed by UV. These fractions were 

then stored for later confirmation by mass spectrometry. 

Part 4: Mass Spectrometry (MS) 

Two varieties of electrically dried malts, 81-Morex and 81- 

Winter, were chosen for this study. A 313 gm sample of Morex malt 

was extracted according to the procedure described in Section B, 

Part 1, EXPERIMENTAL, except that 600 ml of pet. ether and five 

percent cone. NH40H in MeOH were used instead of 400 mL. The final 

extract was 1 mL, 10 yL of which was analyzed by HPLC with column A 

and mobile phase 1. Fractions were collected for the peaks (#2, 3, 

and 5; for example, in Figures 11, 17 and 23) corresponding to 

N-methyltyramine, hordem'ne and gramine. Since the mobile phase 

used was a mixture of phosphate buffer and MeOH, further purifica- 

tion was required. Each collected fraction was evaporated on a 
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rotary evaporator at approximately 50oC. Fifty mL of 1 N HCl was 

then added to the residue. Each acidic solution was then extracted 

with 3 x 20 mL CHCK. The pH of the hordenine and gramine fractions 

was then adjusted with cone. NH«0H to pH 9.00; similarly, the 

N-methyltyramine fraction was raised to pH 10.15. Each solution 

was then saturated with NaCl followed by extraction with 3 x 20 mL 

EtOAc. The EtOAc extracts were first dried by passage through a 

filter containing anh. Na^SO,, and then the EtOAc was removed on 

a rotary evaporator. For final purification each alkaloid-contain- 

ing residue was dissolved in 1-2 mL of CHC1, and then applied to 

a chromatographic column packed with alumnia. The column was 

prepared as described in Section B, Part 1, EXPERIMENTAL. Each 

column was rinsed with 50 mL of EtOAc, the N-methyltyramine was 

eluted from the column with 100 ml of MeOH; gramine and hordenine 

were then eluted with 100 mL of ten percent MeOH in benzene. 

Each eluate was completely dried by first using a rotary evaporator, 

and then with a stream of nitrogen gas. The residues were each dis- 

solved with 100-200 yL of CHC1- for MS analyses. A second set of 

samples for mass spectral analyses (Set B, 81-Winter malt) was ob- 

tained from the UV analyses above. All three fractions collected, 

corresponding to the N-methyltyramine, hordenine and gramine peaks, 

required further purification for MS analysis: each fraction was 

evaporated nearly to dryness as described above. To each residue, 

20 mL of 2 N HCl was added, and the acidic solution was then extracted 

with 4 x 15 mL Et^O to remove TCA. The pH of the solutions was then 
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adjusted to pH 9.00 for hordenine and gramine and pH 10.15 for 

N-methyltyramine. Without saturating with NaCl, each solution was 

extracted with 2 x 20 nt CHC13. The CHC1- extracts were then dried 

by passage through a filter paper containing anh. Na^SO. and subse- 

quently the samples were reduced in volume to 0.2 mL of CHC1- for 

MS analysis. 

F. Nitrosation of Alkaloids in Malted Barleys 
under Laboratory Conditions 

The purposes for this experiment were three-fold. The primary 

objective was to verify that hordenine or gramine, or both, were 

the only NDMA precursors in malt. Since the amounts of these two 

alkaloids had already been determined (see Section D, Part 3, 

EXPERIMENTAL), the results for the nitrosation of these malts 

would reveal whether these two alkaloids were the only NDMA pre- 

cursors. The second objective of the experiment was to find out 

whether there were other NDMA precursors. The final objective was 

to determine if the kilning step in the malting process generated 

more NDMA precursors. 

To obtain sufficient and reliable data for nitrosation in a 

given time (18 hr.), excess nitrite was used in quadruplicate reac- 

tions, and the mean values for the NDMA obtained were used to re- 

port the yield in this study. The experiment was designed to cover 

the three objectives stated above, and it was divided into two 

parts: 
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Part 1: Nitrosation of Freeze-dried Clean 
Malt Spiked with Standard Amines 

This experiment was designed to determine the percent yield for 

NDMA obtained from the nitrosation of hordenine, gramine, and di- 

methylamine under the laboratory conditions used in this study. 

The percentage yield obtained would be used to assess the values of 

NDMA obtained from the nitrosation of malt under the same conditions. 

A freeze-dried clean Morex malt from Section D, Part 3, EX- 

PERIMENTAL, was used in this experiment. The experiment was 

divided into four reactions, and reaction 1 served as the blank or 

control. For the other three reactions, the ground malt was spiked 

with a standard amine in equimolar concentration (30 yg hordenine, 

31.5 yg gramine or 14.8 yg of dimethylamine hydrochloride). For 

each reaction, the freeze-dried clean malt was nitrosated in quad- 

ruplicate by the following procedure which was modified from that 

of Mangino (1983). For each reaction, 1 gm of ground freeze-dried 

malt was placed in a 250 mL beaker and 50 mL or 15 percent acetic 

acid (AcOH), pH 3.2 was added. (The acetic acid was prepared by 

adjusting 15 percent AcOH to pH 3.2 with 6 N NaOH). Ten mL of a 

solution of NaN02 (0.5 gm/mL) were added and the mixture was 

placed under a fume hood at room temperature. After reacting for 

18 hr., each mixture was then acidified with concentrated HpSO, 

to pH 1.5, and 12 mL of ammonium sulfamate solution (0.8 gm/mL) 

were added to stop the nitrosation reaction. Each mixture was then 

filtered through glass wool into a 250 mL separatory funnel and 
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the marc and container were rinsed with 3 x 15 mL of deionized 

water. Each filtrate along with its combined rinsings was extracted 

with 3 x 30 mL DCM, where the DCM extracts were retained. The com- 

bined DCM extract for each reaction was then extracted with 50 mL 

of 2 N NaOH, and the DCM fraction was dried by passage through anh. 

^SO,. The DCM fraction was then placed in a Kuderna-Danish ap- 

paratus to which a condenser was connected. The DCM extract of each 

reaction was concentrated to 1 mL, and 1-5 yL of this final concen- 

trated extract was injected into a GC-TEA. NDMA solutions of known 

concentrations were injected as external standards. Quantitation 

was accomplished by peak height measurements of the samples and the 

standards. The mean values for NDMA from the four replications 

were reported on a dry weight basis. 

Part 2: Nitrosation of Freeze-dried Clean 
Malts and Kilned Clean Malts 

Five varieties of freeze-dried and kilned clean malts prepared 

as described in Section D, Part 3, EXPERIMENTAL, were used for this 

experiment. One gram of ground malt of each variety was used for 

each nitrosation without spiking with any standard amine. Nitro- 

sation was carried out in quadruplicate, and the reaction, ex- 

traction and determination of NDMA followed the procedure described 

in Part 1 above. 



81 

IV. RESULTS AND DISCUSSION 

A. Extraction Procedure for Isolation 
of Alkaloids from Malt 

The malt alkaloids of interest in this study were secondary 

(2°) and tertiary (3°) amines. The extraction procedure adopted 

in this study was developed based on modifications from procedures 

of previous reports as discussed in the LITERATURE REVIEW. Modifi- 

cations were made so that the final procedure would achieve the 

following objectives: 

1. To extract the 2° and 3° amines of interest, particularly, 

N-methyltyramine, N-methyl-3-aminomethylindole, N,N-dimethyl- 

tyramine (hordenine) and N,N-dimethyl-3-aminomethylindole 

(gramine), if they were present in a malt, green malt, malt 

roots or raw barley, 

2. To produce a sufficiently purified extract so that the alka- 

loids could be accurately determined by HPLC and their 

identities verified, 

3. To be able to procedure a high yield and high percentage re- 

covery with good reproducibility, and 

4. To be able to extract and to quantitate all alkaloids of in- 

terest simultaneously. 
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Part 1: Extraction of Alkaloids 
from Malt 

The separations attained by using HPLC to separate the alka- 

loids extracted by the method developed are illustrated by the 

chromatograms reported in this study; for example, see Figures 

9A, 10A, 11 and 12. These chromatograms indicated that the malt 

extracts obtained by this method were sufficiently purified so that 

separation, identification and quantitation could be done accurately 

with HPLC (more detail will be given in Sections B and D of RESULTS 

AND DISCUSSION). 

The alkaloids found in the freeze-dried malt (81-Morex) studied 

in this section were N-methyltyramine and hordenine. The amounts 

of alkaloids obtained by the extraction procedure developed in 

this study are shown in Table 4. The mean values for the quintuple 

samples of this malt were 28.8 and 13.1 yg/gm for N-methyltyramine 

and hordenine, respectively. The variances as well as the standard 

deviations for both alkaloids were small. This indicates that the 

distribution of variation of the values obtained by this method 

was small. It also suggested that the method was capable of good 

reproducibility (see Table 4). 

Before the extraction procedure was finalized, each step of 

the procedure (see Fig. 7) had been carefully studied and deserves 

a brief discussion: 

For Step 1 (see Fig. 7), it was found that the lipid in malt 

caused difficulty later in quantitatively transferring the acid 
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TABLE 4. Amounts of Alkaloids Extracted from Different Samples 
of the Same Malta 

1  Sample No. 
N-Methyltyramine, 

yg/gm (ppm) 
Hordenine, 

yg/gm (ppm) 

1 29.4 13.9 

2 27.4 12.2 

3 28.5 12.8 

4 29.5 13.1 

5 29.1 13.7 

28.8 

0.60 

13.1 

0.38 

Se 0.77 0.62 

aFreeze-dn'ed 81-Morex malt from Idaho. 

Based on dry weight. 

eMean. 

Variance. 

'Standard deviation. 
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extract in Step 2 to the separatory funnel. The problem was 

solved by defatting with pet. ether and extracting with DCM. The 

pet. ether extract was checked for the possibility of extracting some 

of the alkaloids under investigation; the findings, however, were 

found to be negative. 

Most of the previous investigators (Kirkwood and Marion, 1950; 

McFarlane, 1965; Schneider et al., 1972; Slack and Wainwright, 1981) 

used pure MeOH to extract the malt alkaloids. It was found in this 

study, however, that MeOH with five percent NH.OH produced a higher 

recovery when tested with standard amines spiked into the extracted 

malt. McLaughlin and Paul (1966) treated cactus powder (Lophophora 

williamsii) with ammonium hydroxide: methanol: chloroform before ex- 

tracting N-methyltyramihe and its derivatives with chloroform. The 

NH-OH, or other base, helps in extracting the alkaloids by con- 

verting them to the free-base form. 

Several attempts have been made to use acid extraction. Mudd 

(1966.) extracted 3-aminomethylindole and N-methyl-3-aminomethylindole 

from barley shoots with trichloroacetic acid. Hanson et al. (1981) 

extracted gramine from barley shoots with 0.1 N H?S04 which was 

followed by treatment with a mixture of MeOH: CHC13: H^O. 

In the present investigation, 1 N HC1 was tried as a means to 

extract alkaloids from whole malt seed. This extract (without using 

alumina column chromatography) was found to have fewer interfer- 

ences, and the resolution in the HPLC analysis was better than the 

five percent cone. NH-OH in MeOH extract. The yield of the alkaloids. 
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however, was found to be quite low. To increase the surface area 

for acid extraction and enhance extraction, a sample of ground 

malt was tried. It was found, however, that the solution became 

very viscous and was impossible to filter with suction. Centrifu- 

gation was attempted, but found to be very inconvenient due to 

the sample size (100 gm). The yield was also found to be low; 

this might be due to losses during handling. 

Considering Step 2 (acidic purification), it was found that 

DCM and CHC1- were excellent solvents for purification. DCM dis- 

solves nonpolar organic compounds including lipids, whereas CHCK 

would extract slightly more polar compounds. Diethyl ether (Et20) 

and EtOAc have also been reported for use in purification (McFarlane, 

1966; Slack and Wainwright, 1981). Besides the above advantages. 

DCM and CHC13, having higher densities, will stay at the bottom 

during extraction making them easier to discard. Also, of even 

more importance, EtOAc tends to more readily form an emulsion at 

this stage than did DCM or CHClo. 

Saturation of the basic solution in Step 3 (Fig. 7) with 

NaCl, before EtOAc extraction, was found necessary to improve 

the yield, especially that of N-methyltyramine. This alkaloid 

was found to dissolve in EtOAc more readily than in CHC1- or 

Et20. 

The pH for the basic extraction was very important and was 

found to affect the yields of all amines. Only Hanson et al. (1981) 

and McLaughlin and Paul (1966) specified the use of a particular pH 
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for extraction of the alkaloids. The first group used pH 12.0 to 

extract the indolic alkaloids from barley shoots, while the latter 

used pH 9.5 to extract the phenolic alkaloids from cactus. 

In the present study, it was found that the basic extraction 

at two pH's, 9.00 and 10.15, resulted in higher yields. More than 

95 percent of the gramine and hordenine was extracted at pH 9.00. 

At pH 10.15, more than 85 percent of the N-methyltyramine and 

N-methyl-3-aminomethylindole were extracted. Attempts were made 

to use a single pH for extraction, but the yields were found to be 

lower than the combination of the two pH's reported above. 

The malt extract at the end of Step 3 was found to be too 

contaminated ("dirty") for quantitative determination by HPLC; 

further purification was required. The first attempt at further 

purification was made by extracting twice at Steps 2 and 3 (see 

Fig. 7). The EtOAc extract from Step 3 was evaporated to dryness 

and was extracted again by acid as in Step 2. Steps 2 and 3 were 

then repeated. It was found, however, that the quality of the 

extract was not improved, and that only the intensity of all peaks 

detected by HPLC were decreased. 

A second attempt at purification of the final extract was 

made by using column chromatography on alumina. McFarlane (1966) 

used acid washed Al?0o to separate hordenine from N-methyltyramine 

in malt extract. In his study the final malt extract was dissolved 

in CHC1- before applying to the alumina column in which the Al^O^ 

was also in equilibrium with CHCK. Elution from the alumina was 
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carried out starting with 75 ml EtOAc, then with 100 mL ten percent 

MeOH in benzene, and finally with 50 mL MeOH, by which an unidenti- 

fied phenol, hordenine and N-methyltyramine were respectively 

separated. It was found in the present study, however, that 

N-methyltyramine was only partially eluted by the above method. 

The method developed in the present study was found to produce 

better recovery (91 percent) from the column for N-methyltyramine. 

The alumina column chromatography used in Step 4 (Fig. 7) 

of this work was found to be essential; without this step the 

alkaloid content of malt extract could not be determined accurately 

by HPLC. 

It should be noted that tyramine, a primary amine also found 

in malt, was found to adsorb onto A1203 tightly. The degree of its 

elution from the alumina with MeOH was found to depend upon the 

moisture content of the malt extract before being applied to the 

column. When the extract was very dry, no tyramine was eluted 

with MeOH. Generally, a small residual peak for tyramine was 

observed in the HPLC chromatogram by the above procedure. 

Part 2: Determination of Recovery 

There were three main objectives for this experiment: (1) to 

see if the procedure developed for the extraction of alkaloids 

could extract all the amines of interest; (2) to see if the ex- 

traction procedure could produce a reasonable recovery for each 

amine under investigation; (3) to see if the procedure could produce 
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a linear relationship between amine concentration and its HPLC peak 

area within a given range. The mean recovery for each amine over a 

range of concentration is shown in Table 5. The secondary amines, 

N-methyltyramine and N-methyl-3-aminomethylindole, were found 

to have a lower percentage of recovery than the tertiary amines, 

hordenine and gramine. This suggests that the 2° amines have a 

greater loss during the course of extraction than the 3° amines. 

The results obtained also indicate that the extraction procedure 

was capable of extracting the amines of interest with good re- 

covery. It was also observed that, within the range studied (see 

Table 5), the percent recovery did not depend on the starting con- 

centration of amine. The recovery values reported above were used 

to correct the alkaloid content of the unknowns reported in this 

study for losses during the course of extraction for quantification. 

Only McFarlane (1965) and Hanson et al. (1981) have presented per- 

centage recoveries; no previous authors have presented their 

values for variance, standard deviation, percentage of recovery 

or number of trials in presenting their data. These values be- 

come important when correction for recovery was made to determine 

the true alkaloid content of a malt. 

The absolute values of the correlation coefficient (r) of a 

linear regression line for each amine recovered are shown in 

Table 5. The r values obtained in this experiment for each amine 

were very close to 1. These results thus not only show the repro- 

ducibility of the method used, but also show a high correlation 
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a 
TABLE 5. Percent Recovery of Amines and Values for Correlation 

Coefficient from Linear Regression (r) 

Amines 
Range* 
yg/gm 

Meana 

%  recovery r Sample5 r Standard^ 

N-methyltyramine 0 - 51.7 77.4 0.9965 0.9902 

Hordenine 0 - 52.8 92.0 0.9976 0.9915 

N-methyl-3-amino- 
methyl indole 

0 - 12.0 74.0 0.9934 0.9926 

Gramine 0 - 9.1 80.5 0.9938 0.9920 

a Average for four samples of four different concentrations of 
the indicated range. 

Range of the concentration determined. 

'r Values of amines recovered from extracted malt. 

r Values of original standard amines. 
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between the concentration and the HPLC peak area within'a given 

range. Lastly, the values for variance, percentage of recovery, 

and sample correlation coefficient obtained from this study, 

indicated that the extraction procedure developed can produce 

reliable and precise quantitative data. 

8. Separation and Quantitation of Alkaloids by HPLC 

HPLC chromatograms of malt extracts obtained with the phos- 

phate buffer and the ion-pairing systems are presented, for example, 

in Figures 9A, 10A, 11 and 12. Figures 9B and 10B show the separ- 

ation of five standard amines by HPLC using gradient elution with 

the phosphate buffer:MeOH with column A, and of the ion-pairing 

TCA:MeOH with column C, respectively. The analysis time for either 

system was less than 16 min. (960 sec). Figures 9A, 10A, 11 and 

12, show the separation of the alkaloids in malt extracts under the 

stated conditions. As demonstrated in these figures, the resolution 

by the HPLC systems used was quite good and made it possible to 

determine the peak areas of the alkaloids of interest quite accur- 

ately. 

The detection limit for both systems using a 280 nm UV de- 

tector was found to be 0.2, 0.2, 0.1 and 0.1 yg/gm for N-methylty- 

ramine, hordenine, N-methyl-3-aminomethylindole and gramine, re- 

spectively. The variable detector which was available in the latter 

part of this study was found to increase the detectabil ity of 

N-methyltyramine, hordenine and gramine at the maximum absorption 
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Figure 9. HPLC analysis using the phosphate buffer system for 
alkaloids from freeze-dried Morex malt extract 

Conditions 

A 

B 

Column A with mobile phase la 

Malt extract 

Standard amine solution 

Peak Assignment: #1 - Tyramine 

#2 - N-methyltyramine 

#3 - Hordenine 

#4 - N-methyl-3-aminomethylindole 

#5 - Gramine or unknown 

#6 - Methyl nicotinate 

#7 - N, N-dimethyl-5-methoxytryptamine 

asee Table 2 
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Figure 10. HPLC analysis using the ion-pairing system for alka- 
loids from freeze-dried Morex malt extract 

Conditions 

A 

B 

Column C with mobile phase 3C 

Malt extract 

Standard amine solution 

(Peak assignment was the same as in Figure 9) 

see Table 2 
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Figure 11.  HPLC analysis using the phosphate buffer system 
for alkaloids from kilned Klages malt extract 
spiked with N-methyltyramine. 

Conditions: Column A with mobile phase l' 

A: Original malt extract 

B: Malt extract spiked with 
M-methyltyramine (peak #2) 

see Table 2 
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Figure 12.  HPLC analysis using the ion-pairing system for 
alkaloids from kilned Klages malt extract spiked 
with N-methyltyramine 

Conditions: Column C with mobile phase 3 

A: Original malt extract 

B: Malt extract spiked with standard 
N-methyltyramine (peak #2) 

see Table 2 
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wavelength of 275 nm by, respectively, 17.4, 17.7 and 13.4 percent. 

The retention time (RT) for each alkaloid could vary day to 

day, but was reproducible (variation was < 1 percent) for each 

analysis. RT was affected by the amount of MeOH in the gradient 

mobile phase; as more MeOH was used, the RT for each alkaloid be- 

came shorter. If the change in the composition between phosphate 

buffer or TCA and MeOH in the gradient mobile phase was held to 

not more than 5 percent per two min., the RT was found to be repro- 

ducible. Since the RT changes did affect the peak area, the 

standard alkaloid was run alternatively with the malt extract to 

minimize errors in determining the peak area; the direct determin- 

ation of the amounts of alkaloids in this way was considered more 

accurate than by using a standard curve. 

The precision for the determination of these alkaloids by the 

two systems was found to be quite good; with three or four in- 

jections of standard solutions, the variation in peak area by in- 

tegration was about ±0.6 percent. In a comparison of the results 

obtained from the quantitation of the alkaloids from these two 

systems, it was found that column A with mobile phase 1 gave a lower 

value for N-methyltyramine, but a higher value for gramine, than 

did column C or D with mobile phase 3 or 4; however, both systems 

gave a similar value for hordenine. The higher gramine values ob- 

tained above were found later to be due to the co-elution of an 

unknown malt constituent (more discussion of this is given in 

Section D of RESULTS AND DISCUSSION). To help insure accuracy. 
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column A with mobile 1 was used to quantitate N-methyltyramine and 

hordenine, while column C or D with mobile phase 3 or 4 was used 

to quantitate the gramine. 

The indolic and phenolic amines investigated in this study 

have different polarities; the phenolic amines obviously were more 

polar than the indolic amines because of the -OH group. In the 

reversed-phase chromatography used in this study, the stationary 

phase is non-polar, while the mobile phase was more polar; since 

the stationary phase interacted more strongly with the indolic 

rather than the phenolic amines, the first group remained longer 

in the column than the latter group. In order to elute these two 

groups of amines in the same run, gradient elution was necessary. 

The ratio between the phosphate buffer or ion-pairing TCA with 

MeOH in the gradient mobile phase was important as it affected 

the HPLC RT and resolution. 

The results of the HPLC analysis between the integrated peak 

areas and the corresponding concentrations in the indicated range 

(see Table 5) for each amine was linear (correlation coefficient 

0.99 ). This indicated that the HPLC systems used in this study 

could accurately determine the amounts of the alkaloids in the range 

indicated by using the integrated peak area. For the quantitative 

determination of each alkaloid in this study, at least two, and 

usually three, injections were made of both malt extract and stand- 

ard alkaloids. The average peak area found was used in the calcu- 

lation for each alkaloid as follows: 
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X = (!^L_)  r      100 (i?^ 
(PAstd) ' std ' % Recovery u^ 

Where:   X = concentration of unknown alkaloid in malt 
(ug/gm or ppm) 

PA = average peak area of unknown alkaloid 
A 

PA . . = average peak area of standard amine (alkaloid) 

C . . = concentration of standard alkaloid in 
yg/gm (ppm) based on 1 mL extract from 
100 gm malt. 

%  Recovery = value as shown in Table 5. 

Equation 12 was used to quantitate the alkaloids throughout this 

study. 

The freeze-dried Morex malt, from Section B of EXPERIMENTAL, 

(see Figures 9A and 10A) was found to contain only two alkaloids 

of interest at detectable levels; these were N-methyltyramine and 

hordem'ne. The concentrations of these alkaloids, measured on 

column A with mobile phase 1 and calculated using equation 12, 

are shown in Table 4. From a chromatogram for the standard solu- 

tion used, peak numbers and identities were assigned, as shown 

in Figure 9, and these were used throughout this study. 

N,N-Dimethyl-5-methoxytryptamine (peak #7, Figures 9 and 

10) was originally added to the malt sample, and it was intended 

to be used as an internal standard, however, due to the poor separ- 

ation from the methyl nicotinate peak (peak #6), the peak area 

could not be determined accurately. Consequently, direct comparison 
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with standards was used in lieu of N,N-dimethyl-5-methoxytryptamine. 

C. Quantitative Determination of Alkaloids 
in Malt, Green Malt, Malt Roots 

and Raw Barley 

Since the analytical procedures for isolation, separation and 

quantitation of the alkaloids from malt developed in this study 

were shown to be reproducible (see Table 4) and, since the time 

used in each analysis was lengthy, only one determination for each 

sample was carried out in Section C, unless a doubtful result was 

obtained; in that case, additional analyses would be performed. 

In comparing the results obtained, one should keep in mind that 

the malting process between lots, and the barley growing conditions 

may also affect the alkaloid production during the malting process. 

Part 1: Survey of Alkaloids in Malted 
Barley 

The objective of this experiment was to determine the types 

and levels of alkaloids that are considered to be nitrosamine pre- 

cursors in malted barleys. The ten varieties of malted barleys 

that were chosen were picked because of their importance in the 

malting and brewing industries. Nine varieties used in this study 

(Shabet, Manker, Klages, Karla, Piroline, Glenn, Advance, Larker 

and Morex) are currently being used in the malting and brewing 

industries. The Winter variety of barley was under investigation 

for its possible use in brewing since its wort has almost the same 

quality as that from the other nine malts. Furthermore, it was 
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being considered for use in breeding, as Winter barley can grow 

in the winter season and on dry land, whereas the others cannot. 

This would certainly be important in increasing the production of 

barley. 

The 2° and 3° amine alkaloids that can be N-nitrosamine pre- 

cursors, and were detected in this experiment, were N-methyltyramine, 

hordenine and gramine. The level of each alkaloid in each malted 

barley is shown in Table 6. The ranges of the alkaloids found 

were: 18.5-48.5 ug/gm for N-methyltyramine, 8.9-42.4 yg/gm for 

hordenine and 0-10.0 ug/gm for gramine. In general, Morex was found 

to contain the highest levels of both N-methyltyramine and hordenine 

(48.5 and 42.4 ug/gm respectively). Shabet was found to contain 

the least amount of N-methyltyramine (18.5 yg/gm), whereas Karl a was 

found to have the lowest level of hordenine (8.9 yg/gm). Only 

Winter malt was shown to contain gramine in addition to the other 

two alkaloids. 

The results shown in Table 6 seem to suggest that clean malts of 

different varieties contained different levels of each alkaloid. 

Since the barleys used in this part of the study were grown in 

different areas, this observation will be verified by using the 

various barleys that were grown under the same conditions as in 

Part 2 in this section. The results also showed that the ratio of 

the two alkaloids, N-methyltyramine and hordenine between varieties 

was also different. These two alkaloids were biosynthetically 

formed in barley roots during germination from L-tyrosine to 
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TABLE 6. Results of a Survey of Alkaloids in Ten Varieties 
of Malted Barleysa 

Sample 
No. Malt 

Malting 
process 

N-methyltyramine, 
ug/gm 

Hordenine, 
yg/gm 

b 
Gramine, 
yg/gm 

1 Winter     (A) Pilot 28.3 26.0 10.0 

2 Shabet     (A) II 18.5 29.7 NDC 

3 Manker     (A) " 29.1 14.2 •   ND 

4 Klages     (A) II 25.3 29.9 ND 

5 Karla       (A) II 29.9 8.9 ND 

6 Piroline (A) II 22.4 26.2 ND 

7 Glenn       (A) II 40.4 23.2 ND 

8 Advance   (B) Commercial 26.1 27.0 ND 

9 Larker     (B) " 33.8 30.8 ND 

10 Morex       (B) » 40.2 37.6 ND 

11 Advance   (C) n 28.5 31.0 ND 

12 Larker     (C) it 36.6 37.6 ND 

13 Morex       (C) n 48.5 42.4 ND 

^Clean malts (kilned). 
h 
Values based on dry weight. 

^ND: not detected (detection limit for gramine is 0.1 yg/gm) 

Note: A, 8 and C refer to different malting lots. 
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tyramine, then to N-methyltyramine and finally to hordenine (Leete 

et al., 1952; Mann and Mudd, 1963; Leete and Marion, 1953; Kirk- 

wood and Marion, 1950). Each step of the conversion is carried 

out enzymatically (Mann and Mudd, 1963; Mann et al., 1962; Hosoi 

et al., 1970). The different amounts of N-methyltyramine and 

hordenine among varieties may suggest that the availabilty of 

the starting amino acid, or the enzymatic activities at each step 

may be different, or that the trans!ocation of the alkaloids from 

malt roots to malt husk may also be different. 

Only the Winter variety used in this experiment was found to 

contain a detectable level of gramine. Gramine has been reported 

(Gower and Leete, 1963) to be biosynthesized in barley shoots. One 

might then expect to find a high concentration of this indolamine 

alkaloid in the shoots of barley. Hanson et al. (1981) determined 

spectrophotometrically the level of gramine in 24 varieties of 

barleys at the two to four leaf stage. They found gramine ranging 

from 30 to 10,000 yg/gm (dry weight) in all varieties except the 

following five: Proctor, Morex, Coho, Larker, and Bowers. They 

concluded that these five barleys contained little, if any, gramine. 

Even though the limit of detection for their method (30 yg/gm) was 

higher than that of the method used in this study (0.1 yg/gm), 

one would expect that the barley shoots of these five barleys would 

contain a detectable amount if they did produce gramine. Morex and 

Larker varieties were also examined in the present study and no 

gramine could be detected using the methodology reported here. 
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This suggested that there were some varieties of barley that 

naturally produce little or no gramine. 

Part 2: Determination of Alkaloids in 
Barley, Clean Malt, and Malt 
Roots from Barleys that Were 
Grown under the Same 
Conditions 

The objectives of this experiment were two-fold. The primary 

objective was to determine the amount of each alkaloid in raw 

barley, clean malt and malt roots for each variety grown under the 

same conditions. It would be useful to know where the potential 

nitrosamine precursors were localized in a particular part of the 

malt kernel. The second objective was to verify that different 

barley varieties produce the alkaloids of interest in different 

amounts during germination or during the malting process. The ex- 

perimental premise adopted was: if the alkaloid production during 

processing differed for the different barley varieties, then the 

difference would be due to inherent differences in the varieties. 

Since the results shown in Table 7, obtained from barleys grown 

in different areas, have already suggested that different varie- 

ties produced different levels of each alkaloid, the present 

experiment used barleys grown under the same conditions 

so that only the variety, not the growing conditions would affect 

alkaloid production. To add validity to the experiment, the con- 

ditions for malt processing of the barleys used in Part 1 and 
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TABLE 7. Alkaloid Levels in Barley, Clean Malt, and 
Malt Roots from Barleys that Were Grown under 
the Same Conditions 

Sampl e 

N-methyltyramine Horden ine 
r""""   ■   -- 

Gramine,'2 

ug/gm ug/gma %b yg/gma %b 

1. Karla Raw barley 0.7 0.7 NO 
Clean maltc 25.6 9.8 25.0 8.4 ND 
Malt roots0 

Total* 
2798.4 90.2 3245.3 91.6 NO 
241.6 100.0 275.9 100.0 ND 

2. Morex Raw barley 11.4 ND ND 
Clean malt0 32.9 13.4 38.8 7.9 ND 
Malt roots'3 

Total* 
2093.4 86.6 4447.2 92.1 ND 

222.0 100.0 443.5 100.0 ND 

3. Klaqes Raw barley 0.3 NO ND 
Clean malt 15.8 9.4 38.0 7.7 ND 
Malt roots0 

Totalb 
1717.4 90.6 5180.1 92.3 NO 
154.1 100.0 456.1 100.0 ND 

4. Piroline Raw barley 0.4 NO ND 
Clean maltc 15.9 9.3 28.7 7.2 ND 
Malt rootsc 

Total* 
1967.0 90.7 4794.2 92.8 NO 
155.9 100.0 371.4 100.0 ND 

5. Steptoe Raw barley 0.7 ND ND 
Clean malt 13.0 13.0 19.4 9.0 4.9 
Malt roots'3 

Total* 
1683.7 87.0 3760.5 91.0 13.1 

95.4 100.0 203.8 100.0 5.3 

"Values based on dry weight. 

Values based on amount of alkaloid from clean malt plus the alkaloid from 
roots associated with that clean malt.    e.g.  Total  N-methyltyramine in Karla  is 
equal  to (25.6 x 92.21)d +    (2798.4 x 7^79)e = 241.6 

100 100 

kilned malt samples. 

d, Percentage of clean malt in clean malt and its roots. 

Percentage of malt roots in clean malt and its roots. 
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Part 2 were the same. 

The results of this experiment are given in Table 7. It was 

found that the raw barley of every variety used in Part 2 contained 

between 0.3 to 11.4 yg/gm of N-methyltyramine. Morex raw barley, 

at 11.4 yg/gm, contained the highest level of N-methyltyramine. 

The alkaloid hordenine was found in only one variety of raw barley, 

Karl a, at 0.7 yg/gm, while gramine was not detected in any of 

the raw varieties examined. The results obtained for N-methyltyramine 

and hordenine in raw barleys reported here were in conflict with 

the previous reports (Leete et al., 1952; Mann et al., 1963; and 

Hosoi et al., 1970). The literature cited states that raw barley 

did not contain any alkaloid prior to germination, and that the 

alkaloids appeared only after germination. The results of this 

experiment suggest that there was some enzymatic activity during 

the storage of raw barley that first converted L-tyrosine to 

tyramine, then converted the tyramine to N-methyltyramine and, in 

some cases, converted N-methyltyramine to hordenine. The degree 

of enzymatic activities probably depended on the moisture content 

of the raw barley, as well as the amount of moisture absorbed 

during storage. 

The data shown in Table 7 confirmed the results previously ob- 

tained (see Table 6) that the clean malt of four varieties (Karla, 

Morex, Klages, and Piroline) contained only the two alkaloids 

N-methyltyramine and hordenine at detectable levels. Only the 

Steptoe variety was found to contain gramine alkaloid in addition 
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to N-methyItyramine and hordenine. Clean malts were found to contain 

N-methyltyramine, hordenine and gramine in the range of 13.0-32.9 

yg/gm, 19.4-38.8 yg/gm, and 0-4.9 yg/gm, respectively. 

Most of the phenolic alkaloids which were biosynthesized in 

barley roots during the malting process (see Table 7) remained 

in the malt roots after malting. The mean value for N-methyl- 

tyramine in barley roots was 89.0 percent (range 87.0-90.7 percent), 

and for hordenine, the mean was 92.0 percent (range 91.0-92.8 per- 

cent). For N-methyltyramine the clean malts were found to contain 

9.3-13.4 percent (mean = 11.0 percent) and for hordenine the clean 

malts contained 7.2-9.0 percent (mean = 8.0 percent). These re- 

sults suggested that physical contact between malt roots and malt 

husk might play a significant role in translocation of the alka- 

loids from the biosynthetic site to another part of the malt. 

From Table 7, the amount of each alkaloid for each variety of 

clean malt was different. More accurately, the values of "Total" 

production of each alkaloid of each variety were also different. 

The "Total" value is the amount of alkaloid from clean malt plus 

the alkaloid from roots associated with that clean malt. The 

"Total" values varied from 95.4 to 241.6 yg/gm for N-methyltyramine 

and from 203.8 to 456.1 yg/gm for hordenine. The variation of 

these alkaloid values suggested that the different varieties of 

barley produced differing levels of alkaloids during germination. 

This conclusion may not apply in the case of gramine since only 

Steptoe was found to produce a detectable level of this indole 
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alkaloid. However, as mentioned earlier, Hanson et al. (1981) 

showed that 24 varieties of the barleys they examined produced 

gramine at different levels in barley shoots at the 2 to 4 leaf 

stage. 

Part 3: Determination of Alkaloids Bio- 
synthesized during the Malting 
Process 

There were two objectives for this experiment: (1) to determine 

the levels of alkaloids at the germination and kilning steps; and 

(2) to see if the kilning step changed the level of the alka- 

loids. To increase the validity of the experiment, the malted bar- 

leys used were kilned without contacting N0X. 

The results for the determination of the alkaloids in each malt 

fraction are shown in Table 8. The levels of alkaloids in freeze- 

dried malt (green malt) fractions reflected the amounts of the alka- 

loids produced during germination, and the levels of the alkaloids 

in kilned malt fractions reflected the amounts of the alkaloids 

produced during the germination and the kilning steps. It was found 

that the amount of N-methyltyramine in the kilned clean malts of 

Klages, Piroline, and Steptoe varieties were higher than the 

corresponding green clean malts. The amounts of hordenine in 

every variety, except Winter, were found to be higher in kilned 

clean malts than in green clean malts. An increase in the amount 

of gramine after kilning was also found in the varieties Winter 

and Steptoe. These increases were, however, more apparent 
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TABLE 8. Amounts of Alkaloids Biosynthesized in Barley During 
the Kalting Process 

Malt variety/alkaloid 

Raw 
barley 
yg/gm 

GreenD Kilned0 

Maltf* 
yg/gm 

Malt roots 
yg/gm 

Total6 

yg/gm 
Maltd 
yg/gm 

Malt roots 
yg/gm 

Totals 
yg/gm 

1. Winter N-methyltyramine 
Hordenine 
Gramine 

13.4 
0.5 
ND 

24.7 
18.2 
7.3 

962.3 
1956.2 

19.5 

74.3 
120.7 

7.9 

17.4 
13.9 
7.9 

1819.7 
3954.0 

19.0 

102.5 
199.9 

8.4 

2.  Morex N-methyltyramine 
Hordenine 
Gramine 

17.9 
0.7 
ND 

37.5 
30.2 

ND 

2091.1 
3671.9 

ND 

182.8 
288.1 

ND 

34.4 
31.5 

ND 

2337.6 
3972.4 

ND 

210.6 
333.0 

ND 

3.  Klaqes N-methyl tyramine 
Hordenine 
Gramine 

0.4 
1.0 
ND 

21.0 
35.5 

ND 

2039.4 
4744.3 

ND 

135.0 
301.6 

ND 

23.0 
41.6 

ND 

2060.9 
4664.7 

ND 

146.5 
321.8 

ND 

4.   Piroline N-methyl tyramine 
Hordenine 
Grami ne 

0.4 
ND 
ND 

12.0 
9.6 
ND 

1761.7 
3696.9 

ND 

64.8 
120.9 

ND 

15.8 
21.7 

ND 

1491.5 
3904.0 

ND 

183.7 
463.5 

ND 

5.  Steptoe N-methyltyramine 
Hordenine 
Grami ne 

1.8 
0.5 
ND 

11.6 
12.5 
4.7 

1078.1 
2747.1 

85.7 

58.3 
132.3 

8.2 

15.7 
22.3 
6.7 

1358.4 
2741.2 
120.2 

75.0 
142.2 

11.7 

Values based on dry weight. 

Freeze-dried malt samples. 

'Kilned malt samples  (for preparation of b-and c see Figure 8). 

aClean de-rooted malt samples. 

Calculated the same way as in Table 7. 
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when the values of total alkaloid production were used in the com- 

parison (see Table 8 and Table 9). It is apparent that there was an 

increase in the amount of each alkaloid produced in kilned malt as 

compared to green malt (with its roots) for every barley variety 

used in this study. 

The results shown in Tables 8 and 9 suggest that the kilning 

step in the malting process increased the production of each alkaloid 

in every malt variety used in this experiment. As mentioned earlier, 

there were three different enzymatic steps involved in catalyzing 

the conversion of L-tyrosine to tyramine, to N-methyltyramine, and 

finally to hordem'ne. The increase in the temperature of malt from 

35° - 450C during the first 6 or 8 hours of kilning (see Fig. 1 in 

O'Brien et al., 1980) probably accelerated the enzymatic activities 

involved in the production of these alkaloids. 

An increase in the amounts of the alkaloids in malts 

during the kilning step is important, since it will not only increase 

the amount of these alkaloids transferred to wort and beer, but it 

will also enhance the chance, and the yield, of alkaloid nitrosation 

during the malting and brewing process. 

Finally, there have been numerous reports, as mentioned earlier, 

of the presence of NDMA, a volatile nitrosamine, in malt and beer. 

This research activity was due to there being many reliable analyti- 

cal methods of the volatile N-nitrosamines. However, the non- 

volatile N-nitrosamines in malt and beer have been neglected, due 

to the lack of suitable analytical procedures. Mangino (1983) has 
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TABLE 9.  Percentage of Total Alkaloid Increased during Kilning 

N-methyltyramine, 
i  

Hordenine, Gramine, 
Malt variety % % % 

Winter 38.0 65.6 6.3 

Morex 15.2 15.6 - 

Klages 8.5 6.7 - 

Piroline 183.5 283.4 

Steptoe 28.6 7.5 42.7 

a Values calculated from the values of "Total" in Table 8. 
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shown under laboratory conditions that N-methyltyramine and horde- 

nine can be nitrosated to form non-volatile N-nitrosamines: 

N-methyltyramine was nitrosated to form two types of non-volatile 

nitrosamines, £-hydroxy-N-nitroso-N-methyl-2-phenylethylamine (I) 

and jD-hydroxy-m-nitro-N-nitroso-N-methyl-2-phenylethylamine (II) 

(see Fig. 6A) with yields of 75.0 and 11.5 percent, respectively. 

In the present study, the amount of N-methyltyramine found in 23 

malt samples of 11 varieties was in the range of 15.7 - 48.5 yg/gm 

with a mean of 26.8 yg/gm (see Tables 6, 7 and 8). If the same 

yields for the nitrosation of N-methyltyramine would occur in the 

"direct-fired" kilning process for malted barley, there would be a 

considerable amount of non-volatile N-nitrosamines formed. Further- 

more, Mangino (1983) also found that under laboratory conditions, 

hordenine can be nitrosated to form the non-volatile N-nitrosamine 

(II), in addition to NDMA, with a 1.2 percent yield for 12 

hours of nitrosation at 650C. Hordenine was found in this study 

(see Tables 6, 7 and 8) to be in a range of 8.9 - 42.6 yg/gm with a 

mean of 28.1 yg/gm. Since N-methyltyramine and hordenine alkaloids 

have been found together in every malt sample examined in this study, 

it is very possible that these two alkaloids would also be nitro- 

sated to form non-volatile N-nitrosamines, as well as form NDMA 

in malt and beer. In addition, hordenine and gramine have been re- 

ported to be NDMA precursors in malted barley (Spiegelhalder et al., 

1980; Kann et al., 1980; Slack and Wainwright, 1981; Brookes, 1982; 

and Mangino and Scanlan, 1982). The results of the investigation 
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as to whether hordenine and gramine would be the main sources of 

NDMA precursors are shown and discussed in Section E. 

D. Confirmation of Identity by HPLC, UV, MS and TLC 
for Alkaloids Extracted from Malted Barley^ 

Malt Roots and Raw Barley 

An extract of kilned Klages malt was spiked with standard N- 

methyltyramine. The HPLC chromatograms of both the original 

and spiked malt extracts are shown in Figure 11 and 12. Clearly, 

the height of peak #2 from both the phosphate buffer and ion- 

pairing systems increased when the malt extract was spiked with 

standard N-methyltyramine. Aliquots of peak #2 from a Winter malt 

extract collected from both HPLC systems were further examined 

by UV. The fraction collected from the phosphate buffer system 

was found to have the same UV spectrum (See Figure 13A) as 

that obtained from standard N-methyltyramine (see Figure 13B), 

however, the UV spectrum of the fraction collected from the ion- 

pairing system (see Figure 13C) exhibits a shoulder at 269 nm 

which suggests possible co-elution with an unknown compound. 

Further evidence by observing the absorption at 290-300 nm con- 

firmed that peak #2 from the ion-pairing system was a co-eluted 

peak. As a result, the quantitation of the alkaloid N-methyl- 

tyramine in the malt extracts using the ion-pairing system (column 

C with mobile phase 2 or 3, or column D with mobile phase 4, see 

Table 2) gave higher values (by about 10%) than when using the 

phosphate buffer system. The ion-pairing system, therefore, was 
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Figure 13. UV spectra of N-methyltyramine 

A: N-methyltyramine collected as peak #2 from 
HPLC analysis of Winter malt extract using 
the phosphate buffer system (column A with 
mobile phase l)a 

_2 
B: Standard N-methyltyramine, 3.7 x 10  yg/yL 

in 0.1 M TCA 

C: N-methyltyramine collected as peak #2 from 
HPLC analysis of Winter malt extract using 
the ion-pairing system (column D with mobile 
phase 4)a 

see Table 2 
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only used for the confirmation of the alkaloid N-methyltyramine 

by spiking with standard N-methyltyramine. 

The mass spectra of peak #2 from both systems (after period 

removal of the mobile phase) are shown in Figures 14, 15 and 16. 

The mass spectra of peak #2 from both Winter and Morex malt ex- 

tracts (see Figure 14 and 16A) indicate a molecular (or parent) 

ion at m/z = 151 and important fragment ions at m/z = 107, 77 

and 44 which agrees with spectra obtained with standard N-methyl- 

tyramine (Figure 15 and 16B). The results described above were 

taken as confirmatory evidence that peak #2 was the N-methylty- 

ramine peak, since: (1) its HPLC peak height was enhanced when 

spiked with authentic N-methyltyramine; (2) the UV absorption 

spectrum of this peak was identical to that obtained from authentic 

N-methyltryamine: and (3) the mass spectra for peak #2 displayed 

the same molecular ion and principal fragment ions observed for 

the N-methyltyramine standard. 

The HPLC chromatograms illustrated in Figure 17 and 18 of 

Karl a malt extract show that the height of peak #3 from both 

systems was enhanced when spiked with standard hordenine. The 

UV absorption spectra of peak #3 (Figure 19A and 19C) from Winter 

malt extract are also identical to that obtained from standard 

hordenine (Figure 19B). The mass spectra of this peak from both 

Winter and Morex malt extracts (Figure 20 and 22A) indicated 

a molecular ion at m/z = 165 and other important fragment ions 

at m/z = 121, 107, 91, 77, 58, and 42 which agreed with spectra 
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Figure 14. Mass spectrum of N-methyltyramine collected 
as peak #2 from HPLC separation of Winter 
malt extract 

HPLC conditions: Column C with mobile phase 3 

a see Table 2 
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Figure 15. Mass spectrum of standard N-methyltyramine 

(After Mangino, 1983) 
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Figure 16. Mass spectra of N-methyltyramine from malt extract 
and standard. 

A: N-methyltyramine collected as peak #2 of HPLC 
separation of Morex malt extract using the 
phosphate buffer system. 

B: Standard N-methyltyramine 
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Figure 17. HPLC analysis using the phosphate buffer system for 
alkaloids from kilned Karl a malt extract spiked with 
hordenine 

Conditions: Column A with mobile phase 1 

A: Original malt extract 

B: Malt extract spiked with standard 
hordenine (peak #3) 

see Table 2 
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Figure 18. HPLC analysis using the ion-pairing system for 
alkaloids from kilned Karla malt extract spiked 
with hordenine 

Conditions: Column C with mobile phase 3 

A: Original malt extract 

B: Malt extract spiked with standard 
hordenine (peak #3) 

see Table 2 
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Figure 19. UV spectra of hordenine 

A: Hordenine collected as peak #3 of HPLC separation 
using the phosphate buffer system on Winter malt 
extract 

-2 
B: Standard hordenine, 5.7 x 10  yg/yL in 0.1 M 

TCA 

C: Hordenine collected as peak #3 of HPLC separation 
using the ion-pairing system on Winter malt ex- 
tract 
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Figure 20. Mass spectrum of hordenine collected as peak #3 
of HPLC separation using the ion-pairing system 
on Winter malt extract 
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Figure 21. Mass spectrum of standard hordenine (free base form 
in CHC13) 
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Figure 22. Mass spectra of hordenine from malt extract and 
standard hordenine 

A: Hordenine collected as peak #3 of HPLC separation 
using the phosphate buffer system for Morex malt 
extract 

B: Standard hordenine hemisulfate 
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obtained from standard hordenine (see Figure 21 and 22B). The 

results described above strongly suggests that peak #3 obtained 

from malt extracts was the hordenine peak. 

As mentioned earlier, only Winter and Steptoe malts were 

found to contain large amounts of gramine; the extract from 

either of these two malts was used in various confirmatory an- 

alyses. The results from the HPLC analyses of Steptoe malt ex- 

tract (Figure 23 and 24) indicate that the intensity of peak #5 

increased upon spiking with authentic gramine. UV analyses of 

peak #5 from Winter malt extract indicate its' spectrum was identi' 

cal to that obtained from standard gramine (Figure 25A and B). 

Subsequent analysis by MS of the same sample (Figure 26) indi- 

cates the molecular ion was m/z 174 and that the other important 

fragment ions at m/z = 130, 103, 77, 44 and 42 were identical to 

those obtained from standard gramine (Figure 27). The evidence 

from the UV analyses indicates that peak #5 of Winter or Steptoe 

malt extract was a single compound. Furthermore, the evidence 

from HPLC spiking with standard gramine and from MS analysis 

confirms that the identity of the pure compound eluting as peak 

#5 was gramine. 

The phosphate buffer system (i.e. column A with mobile 

phase 1) was not used to quantitate the alkaloid gramine because 

of the co-elution of an unknown compound present in the extracts 

of malt samples. For example, the extract of kilned Klages malt 

roots, which did not contain any detectable amount of gramine, 
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Figure 23. HPLC analysis using the phosphate buffer system for 
alkaloids from kilned Steptoe malt extract spiked 
with gramine 

Conditions: Column A with mobile phase 1 

A: Original malt extract 

B: Malt extract spiked with standard 
gramine (peak #5) 

see Table 2 
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Figure 24. HPLC analysis using the ion-pairing system for 
alkaloids from kilned Steptoe malt extract spiked 
with gramine 

Conditions: Column C with mobile phase 3 

A: Original malt extract 

B: Malt extract spiked with standard 
gramine (peak #5) 

see Table 2 
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Figure 25. UV spectra of gramine 

A: Gramine collected as peak #5 of HPLC separation 
using the ion-pairing system for Winter malt 
extract 

_2 
B: Standard gramine, 0.5 x 10  yg/yL in 0.1 M TCA 
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Figure 26. Mass spectrum of gramine collected as peak #5 
of HPLC separation using the ion-pairing system 
for Winter malt extract 
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Figure 27. Mass spectrum of standard gramine (free base form) 
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gave a small HPLC peak #5 (Figure 28A) when using the phosphate 

buffer system; upon addition of standard gramine, the height of 

peak #5 was enhanced (Figure 28C). The ion-pairing system, on 

the other hand, was used to quantitate the alkaloid gramine in 

this study because it had been shown that the gramine peak was 

a single component; the UV analysis of the fraction collected as 

a gramine peak (peak #5) of HPLC separation using this system 

was found to contain only gramine (Figure 25A and B). In addition, 

the HPLC analysis of the Klages malt root extract mentioned above 

showed no gramine peak when using the ion-pairing system (see Fig- 

ure 29A); however, when spiked with standard gramine peak #5 

(Figure 29C) appeared. As a result, the ion-pairing system was 

used to measure the amount of the alklaoid gramine, while the phos- 

phate system was used for the confirmation by spiking with standard 

gramine. 

As shown earlier, gramine was detected only in the extracts 

from green or kilned Winter or Steptoe malts, the extracts from 

the other varieties under investigation did not contain any de- 

tectable amount of gramine. They did, however, have a small 

peak with RT close to the RT of gramine when using the ion-pairing 

system; for example, the extract from kilned Piroline malt had an 

unknown with a RT of 875 sec. (peak X in Figure 30A), while 

the RT of standard gramine was 855 sec. To be certain that this 

peak was not the gramine peak, the following confirmation was 

carried out: 
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Figure 28. HPLC analysis using the phosphate buffer system for 
alkaloids from kilned Klages malt root extract 
spiked with standard amines 

Conditions: Column A with mobile phase 1 , malt 
root extract with 1:2 dilution 

A: Original malt root extract 

B: Original extract spiked with standard 
hordenine (peak #3) 

C: Original extract spiked with standard 
N-methyltyramine (peak #2) and standard 
gramine (peak #5) 

asee Table 2 
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Figure 29. HPLC analysis using the ion-pairing system for 
alkaloids from kilned Klages malt root extract 
spiked with standard amines 

Conditions: Column C with mobile phase 3 , malt 
root extract with 1:2 dilution 

A: Original malt root extract 

B: Original malt root extract spiked 
with standard hordenine (peak #3) 

C: Original malt root extract spiked 
with standard N-methyltyramine 
(peak #2) and standard gramine 
(peak #5) 

asee Table 2 
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Figure 30. HPLC analysis using the ion-pairing system for alka- 
loids from kilned Piroline malt extract spiked with 
gramine 

Conditions: Column C with mobile phase 3a 

A: Original malt extract 

B: Original malt extract spiked with 
standard gramine (peak X) 

see Table 2 
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1. Piroline malt extract was spiked with standard gramine; peak 

X was split (see Figures 30A and B), which indicated that 

peak X was not the gramine peak. 

2. HPLC column B, which was more polar, with mobile phase 1 

(see Table 2) was used; the chromatogram (Figure 31A) ob- 

tained indicated no peak at a RT of about 613 sec. (note 

the arrow, Figure 31A). When the malt extract was spiked 

with standard gramine, however, a gramine peak with an RT 

of 613 sec. appeared (Figure 31B, peak Y). Steptoe malt 

extract, which had been found to contain gramine as shown 

above, also had a gramine peak at a RT of 613 sec. (Figure 

32, peak Z). The results obtained confirmed the results in 

1 above, that peak X, Figure 30A, was not gramine. 

Slack and Wainwright (1981) were the only previous investigators 

to report the use of HPLC to separate gramine and hordenine from 

malt shoot extracts. They identified the separated peaks only 

by spiking with standard amines. It was shown above that spiking 

with standard alone, and using only one kind of column and mobile 

phase, may not be sufficient to identify the alkaloids. In the 

present study, it was found that UV analysis was very helpful as 

a supporting method in confirming co-elution within a peak, or 

to help confirm the identity of a peak. For example, when UV was 

used together with spiking by a standard compound, it was found 

that peak #6 of all green, kilned malted extracts, and raw barley 

extracts was methyl nicotinate (see Figure 33 and 34). 



156 

Figure 31. HPLC analysis using the phosphate buffer system 
for alkaloids from kilned Piroiine malt extract 
spiked with gramine 

Conditions: Column B with mobile phase la 

A: Original malt extract 

B: Original malt extract spiked with 
gramine (peak Y) 

see Table 2 
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Figure 32. Analysis of alkaloids from kilned Steptoe malt 
extract by HPLC using column B with mobile phase 
ia 

Conditions: Column B with mobile phase la 

A: Original malt extract 

B: Original malt extract spiked with 
standard gramine (peak Z) 

'See Table 2 
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Figure 33. HPLC analysis using the ion-pairing system for 
alkaloids from kilned Morex malt extract spiked 
with methyl nicotinate 

Conditions: Column C with mobile phase 3 

A: Original malt extract 

B: Original malt extract spiked with 
standard methyl nicotinate (peak 
#6) 

lsee Table 2 
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Figure 34. UV spectra of methyl nicotinate 

A: Methyl nicotinate collected as peak #6 
of HPLC separation of Winter malt extract 
(see corresponding HPLC chromatogram in 
Figure 33) 

B: Standard methyl nicotinate in 0.1 M TCA 
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The identities have thus been firmly established for all major 

peaks in the malt extracts obtained from the two systems of HPLC 

analysis. Therefore, the peaks of interest from the other green 

or kilned root extracts, or from raw barley extracts, were identi- 

fied only on the basis of RT or by spiking with standard amines. 

HPLC chromatograms of a malt root extract were illustrated in 

Figure 28 and 29. Only two alkaloids, N-methyltyramine and 

hordenine, were found. Extracts of Winter and Steptoe malt roots 

show a small peak for gramine which was confirmed by spiking 

with authentic gramine and also by TLC (Figure 36). It is believed 

that the gramine found in Winter and Steptoe malt root extracts 

was from the malt shoots that went through the sieve during de- 

rooting. Gramine from the other malt root extracts was not detected. 

TLC analysis followed the method suggested by Ranieri and 

McLaughlin (1975). The identification and confirmation of the 

developed spots was obtained by comparing the R^ values of the 

alkaloids and the standard amines that were co-chromatographed 

together, and also with the colors developed by spraying the de- 

veloped plate with reagents. Table 10 indicates the colors of 

amines developed after spraying with various reagents. 

The thin-layer chromatograms of extracts from both the green 

or kilned malts used in this study were very similar. They all 

showed spots for tyramine, N-methyltyramine, and hordenine. How- 

ever, only the extracts of the green of kilned Winter or Steptoe 

malts show a gramine spot. An example of a TLC chromatogram is 
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TABLE 10. a Colors of Alkaloids Developed with a Sequence 
of Spray Reagents^ 

Alkaloid 

Fluorescamine 
(viewed 

under UV light) 

Dansyl Chloride 
(viewed 

under UV light) 

lodoplatiiiate 
(viewed 

under visible light) 

Tyrami ne 

M-Methyltyramine 

N-Methyl-3-amino- 
methylindole 

Hordenine 

Gramine 

aquamarine 

dark purple 

dark purple 

aquamarine 

yellow 

yellow 

yellow 

yellow 

1ight yellow-brown 

yellow-brown 

yellow-brown 

purple 

purple 

following the method of Ranieri and McLaughlin (1975) 

The same developed plate was sequentially sprayed with fluorescamine, 
dansyl chloride, and iodoplatinate. 
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shown in Figure 35; the separation between gramine and hordenine 

would be better if freshly prepared solvent were used. The TLC 

analysis of all malt roots used in this study found tyramine, 

N-methyltyramine and hordenine. However, only extracts of Step- 

toe malt roots were found to have a light spot for gramine. A 

chromatogram of several malt root extracts is shown in Figure 

36. 

In detecting the developed spots with spray reagents, it 

was found that gramine was more sensitive to iodoplatinate than 

to dansyl chloride. A TLC plate spotted with 0.4 yg of standard 

gramine (40 yL of a 0.01 yg/yl solution) or 1.5 yg of standard 

gramine added to malt extract (20 yL of a 0.075 yg/yl solution) 

could be detected with iodoplatinate, but not with dansyl chloride. 

In the extract of raw barleys analyzed by TLC, only one alkaloid, 

N-methyltyramine, was detected in only two varieties of raw bar- 

leys, Winter and Morex. Furthermore, it was found by HPLC an- 

alysis that these two raw barleys contained very high levels 

of N-methyltyramine, (13.4 and 17.9 yg/gm, respectively). 

The TLC analyses produced evidence which confirmed that: 

(1) Malt extracts of both green and kilned Winter and Steptoe 

malt varieties contained three alkaloids of interest in detectable 

amounts, namely, N-methyltyramine, hordenine and gramine, (2) 

Malt extracts of other varieties used in this study contained 

detectable levels of N-methylamine and hordenine, but not of 

gramine or other alkaloids, (3) Malt root extracts of all 
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Figure 35. TLC chromatogram of kilned malt extracts 

Solvents: Et20: MeOH: NH40H (170:20:10, v/v/v) 

A: Klages malt 

B: Morex malt 

C: Standard N-methyltyramine 

D: Winter malt 

E: Standard gramine 

F: Steptoe malt 

G: Standard hordenine 

H: Piroline malt 

I: Standard tyramine 

1: 
2: 
3: 
4: 
5: 

Tyramine 
N-Methyltyramine 
Unknown 
Hordenine 
Gramine 
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Figure 36. TLC chromatogram of kilned malt root extracts 

Solvents: Et20: MeOH: NH40H (170:20:10, v/v/v) 

A: Klages malt roots 

B: Piroline malt roots 

C: Standard hordenine 

D: Steptoe malt roots 

E: Standard gramine 

F: Morex malt roots 

G: Standard N-methyltramine 

H: Karl a malt roots 

I: Standard tyramine 

Tyramine 
N-Methyltyramine 
Hordenine 
Gramine 
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Figure 36 



171 

varieties under investigation, except Steptoe, were found to 

contain only N-methyltyramine and hordenine. Root extracts from 

Steptoe malt were found to contain gramine in addition to the 

N-methyltyramine and hordenine. As indicated earlier, this 

gramine probably came from some malt shoots, which became mixed 

with the malt roots, rather than from the malt roots themselves. 

(4) Only two varieties of raw barley, Winter and Morex, were found 

to contain detectable levels of the alkaloid N-methyltyramine. 

The other raw varieties examined do not contain any detectable 

amount of N-methyltyramine or other alkaloids. 

E. Nitrosation of Alkaloids in Malted Barley 
Under Laboratory Conditions 

The objective of this experiment was stated earlier in 

Section F, EXPERIMENTAL. The experimental premise was: 

(1) if the nitrosation of a malt with known concentrations 

of hordenine and gramine resulted in the same percentage yield 

of NDMA as obtained from the nitrosation of standard hordenine 

and gramine under the same reaction conditions, then hordenine and 

gramine would be the only precursors of NDMA. A second premise 

was that if the yield of NDMA from the nitrosation of a malt, 

as described above, was higher, then there would be other precursors 

for NDMA in addition to hordenine and gramine. 
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Part 1: Nitrosation of Freeze-Dried Clean 
Malt Spiked with Standard Amines 

The results for the nitrosation of the freeze-dried clean 

(Morex) malt spiked with standard hordenine, gramine or DMA- 

HC1 are shown in Table 11. The yields of NDMA from the nitrosa- 

tion were found to be: 2.7 percent for hordenine, 87.9 percent 

for gramine, and 92.3 percent for DMA-HC1. The results were 

similar to the data of Mangino (1983); his yields for NDMA after 

nitrosation for 16 hours at 650C and pH 4.4 were: 11 percent 

for hordenine, 76 percent for gramine, and 78 percent for di- 

methyl ami ne. It is apparent that gramine and dimethyl amine were 

extremely susceptible to nitrosation. Even though the percent 

yield for NDMA from hordenine was only 2.7 percent, a large amount 

of hordenine was found in every malt sample examined in this study. 

Hordenine, with an average content of 28.1 yg/gm in malt (as re- 

ported in Section C, RESULTS AND DISCUSSION) would produce at 

least 30 times as much NDMA as the average value of 1 yg/kg 

NDMA found in domestic and imported beers (Havery et al., 1981). 

Part 2: Nitrosation of Green (Freeze-Dried) 
Clean Malts and Kilned Clean Malts 

The nitrosation of clean malts in this part was carried out 

under the same conditions as used in Part 1 above. The percent 

yield of NDMA from the nitrosation of hordenine and gramine, as 

shown in Table 11, were used to calculate the "expected" values 
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TABLE 11.  Results for the Nitrosation of Freeze-dried 
(Morex) Clean Malt Spiked with Hordenine, 
Gramine, or Dimethylamine 

Description of Sample # Trials 

Average 
NOMA 
ug/kg 

Net* 
NDMA, 
ug/kg 

Expected 
NDMA, 
ug/kg obtained 

1)  Freeze-Dried Malt2' 
with no spike (control) 

4 5670 - - 

2) Freeze-Dried Malt4' 
spiked with Hordenine 

4 6028 358 13,440 2.7% 

3) Freeze-Dried Malt6 

spiked with Gramine 
4 17,440 . 11,770 13,384 87.9% 

4)  Freeze-Dried Malt* 
spiked with DMA-HC1? 

4 18,064 12,394 13,430 92.3% 

aNitrosation was carried out with excess nitrite in acetic acid at pH 3.2, at 
room temperature for 18 hours. 

^Morex variety as prepared in Section D, Part 3, EXPERIMENTAL. 

cMean value of 4 trials. 

The value obtained after subtracting the value of 5670 ug/kg. 

theoretical value of NDMA from spiked amine (100% conversion). 

^(d i  e) x 100. 

^Dimethylamine hydrochloride. 



174 

for NDMA in this part. 

The yield data from the nitrosation of 5 varieties of green 

and kilned malts are shown in Tables 12 and 13. The expected 

values for NDMA from the nitrosation of hordenine and gramine are 

presented for each malt and the percent of NDMA from unknown 

sources is also tabulated. 

The results in both Tables 12 and 13 show that the amounts 

for the expected values of NDMA from hordenine and gramine alka- 

loids are far less than the total values for NDMA obtained 

from the nitrosation of each malt. The excess amounts of NDMA 

in the total NDMA values were calculated into percent NDMA from 

unknown sources as shown in Tables 12 and 13. The percentages 

of NDMA from unknown sources ranged from 50.0-94.3 percent 

from green clean malts, and from 23.1-96.7 percent for kilned 

clean malts. These results strongly suggest that there must 

be other precursors, in addition to hordenine and gramine, that 

also produce NDMA. Mangino and Scanlan (1982) have reported 

the yield of NDMA, from nitrosation under laboratory conditions, 

for the potential precursors: dimethylamine (DMA), trimethyl- 

amine (TMA), hordenine, gramine, N-methyltyramine, sarcosine and 

choline, they concluded that the first four amines must be con- 

sidered potential precursors of NDMA in direct-fired malt. 

TMA is probably not a major NDMA precursor in malt, since 

it is less reactive to nitrosation (as compared to DMA), and 

furthermore it has not yet been found in malt. DMA, on the 
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TABLE 12. Comparison of the Yield for NDMA from the Nitro- 
sation of Freeze-dried Clean Malts with the Ex- 
pected Values 

Hordenine,a 

ug/kg 
Gramine, 
ug/kg 

Expected NDMA from Total6 

NDMA 
ug/kg 

Freeze-Dried Malt 
(variety) 

Hordenine,c 

ug/kg 
Gramine, 

ug/kg 
/ 

1) Winter 18,180 7,250 220 2,710 8,436 65.3 

2) Morex 30,200 ND 366 - 5,981 93.9 

3) Klages 35,510 NO 430 - 5,316 91.9 

4) Piroline 9,610 NO 116 - 2,053 94.3 

5) Steptoe 12,540 4,670 152 1,746 3,795 50.0 

a'  Amount of alkaloids found in malt on dry weight basis. 

"Calculated from 2.1% yield of NDMA (see Table 11). 

e.g.. Winter = 18>1801g5
74 x ^f = 220 ug/kg NDMA 

^Calculated from 87.9% yield of NDMA (see Table 11). 

e.g.. Winter = 7'2^4
X 74 x |M = 2710 wg/kg NDMA 

'Obtained from nitrosation in this experiment. 

Percent NDMA from "unknown source". /, 

ND = not detected. 
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TABLE 13. Comparison of the Values of NDMA Obtained from the 
Nitrosation of Kilned Clean Malts with the Ex- 
pected Values 

Hordenine,a Gramine, 

Expected NDMA from Total8 

NDMA Kilned Clean Malt 
c 

Hordenine, Gramine, 7/ 
(variety) yq/kq uq/kq uq/kq uq/kq uq/kq 

1) Winter 13,930 7,900 169 2,953 10,012 68.8 
(6890) 

2) Morex 31,510 ND 382 - 4,484 91.5 
(4102) 

3) Klages 41,610 ND 504 - 4,496 88.8 
(3992) 

4) Piroline 21,740 ND 263 - 7,878 96.7 
(7615) 

5) Steptoe 22,310 6,680 270 2,497 3,599 23.1 
( 832) 

a b '  Amount of alkaloids found in malt on dry weight basis. 

Calculated from 2.7% yield NDMA upon nitrosation of hordenine 
(see footnote of Table 12 for calculation) 

Calculated from 87.9% yield NDMA upon nitrosation of gramine. 

'Obtained from nitrosation in this experiment. 

■'Percent NDMA from an "unknown source". Values in parenthesis 
Total NDMA - Expected NDMA, expressed in yg/kg. 

ND = not detected. 
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other hand, was found in the present study (see Table 11), and was 

also found by Mangino and Scanlan (1982) to be extremely suscepti- 

ble to nitrosation to yield NDMA. DMA has also been reported in 

malt by Slaughter and Uvgard (1971); Drews et al. (1957); 

and French et al., (1982). French et al., (1982) used an acid 

extraction method to quantitate DMA (which they called "acid 

extractable DMA") from 5 malted barleys. One of the varieties 

examined was Klages which was also used in the present study. 

Klages was found to contain 2.0 yg/gm of acid extractable DMA. 

Interestingly, when converted to NDMA using the percent yield 

found in the present study for the nitrosation of DMA to NDMA 

(see Table 11), the amount for the acid extractable DMA was 

.found to be 3035 yg/kg NDMA, which was close to the 3992 yg/kg 

NDMA from an unknown source reported in this study (see Table 13). 

The result of the above comparison suggests that DMA was a likely 

major source for the "NDMA from an unknown source" found in this 

experiment, and thus DMA might be a likely source of NDMA in malt. 

The results in Table 12 indicate that the unknown NDMA pre- 

cursor is present in green malt and is not formed as a result 

of heat degradation during kilning. 

Tables 12 and 13 show that two kilned malts. Winter and Piro- 

line, produced a total NDMA value and a percent NDMA from an 

unknown source higher than the corresponding green malts; how- 

ever, the other three kilned malts, Morex, Klages and Steptoe, 

produced an amount of NDMA during the kilning step that was less 



178 

than the corresponding green malts. Mangino and Scanlan (1982) 

also obtained similar mixed results when they investigated the 

kilning step to see if additional NDMA precursors were generated. 

As shown in Table 9, the increase in alkaloids during kilning 

was generally higher than for green malt; the amount of NDMA 

formed from these kilned alkaloids would be expected to be higher. 

The amount of DMA in kilned malt might also be higher during the 

kilning step, but the rate of loss with the hot air-drying might 

also be greater. French et al. (1982) confirmed the existence 

of volatile DMA in green and kilned malts; DMA was found in air 

passed through the germination chamber and also in air passed 

through the malt during kilning. Thus, the mixed results ob- 

tained might have been due to the fact that the rate of evapora- 

tion for DMA during malt kilning was higher than the rate of 

generation for the alkaloids. 
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V. SUMMARY AND CONCLUSIONS 

The extraction procedure developed in this study was shown 

to be capable of isolating all the malt alkaloids of interest 

in a single extraction with good recoveries of 77.4, 92.0, 74.0, 

and 80.5 percent for N-methyltyramine, hordenine, N-methyl-3-amino- 

methylindole and gramine, respectively. The method also was 

shown to have good reproducibility, with small values for the 

variance and standard deviation. Furthermore, the malt extract 

obtained using the procedure developed, was shown to be sufficient- 

ly purified so that all of the alkaloids could be separated and 

quantitated accurately. 

A reversed-phase HPLC procedure using the phosphate buffer 

and ion-pairing system developed in this investigation was able 

to separate, identify and quantitate the alkaloids of interest in 

a single run. The detection limit was 0.2, 0.2, 0.1 and 0.1 ug/gm, 

respectively, for the alkaloids listed above. The RT for the 

gradient elution used was found to be reproducible, with a variation 

not greater than 1 percent. The relationship between the peak area 

and the corresponding concentration over a given range was found 

to be 1inear. 

The analyses of 53 samples of raw barley, malt and malt roots 

from the 11 varieties of barley, (Winter, Shabet, Manker, Klages, 

Karl a, Piroline, Glenn, Advance, Larker, Morex, and Steptoe) ex- 

amined in this investigation showed that three alkaloids were bio- 

synthesized in detectable levels during germination. They were 
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N-methyltyramine, hordenine, and gramine; all of which are con- 

sidered to be potential N-nitrosamine precursors. 

N-Methyltyramine, a secondary amine, was found in every sample 

analyzed in this study, with particularly high levels being found 

in malted barley and malt roots. N-Methyltyramine was found with 

a mean and range of 26.8 (15.7-48.5); 21.4 (11.6-37.5); 1959.8 

(1358.4-2798.4); 1532.5 (962.3-2091.1); and 4.7 yg/gm (0.4-17.9 

yg/gm) on a dry weight basis for, respectively, kilned malt, green 

(freeze-dried) malt, malt roots, green malt roots and raw barley. 

The tertiary phenolic amine hordenine was also found in large 

quantities in every sample, except for raw barley, in which only 

a trace amount was found. The mean and range for hordenine in the 

malt and barley samples listed above were found to be: 28.1 (8.9- 

42.4); 21.2 (9.6-35.5); 4066.4 (2741.2-5180.1); 3363.3 (1956.2- 

4744.3) and 0.7 yg/gm (0.5-1.0 yg/gm), respectively. 

The indolic alkaloid gramine, also a tertiary amine, was 

found in this study-at detectable levels in only two varieties 

of malted barleys. The immediate precursor of gramine, 

N-methyl-3-aminomethylindole, was not found in any sample. 

Gramine was found in malt and green malt with a mean and range of 

7.4 (4.9-10.0) and 6.0 yg/gm (4.7-7.3 yg/gm), respectively. 

The total amounts of the alkaloids biosynthesized during 

germination were found to vary with the barley varieties. The 

kilning step in the malting process was found to increase the 

total amount of the alkaloid produced. 
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The N-nitrosodimethylamine obtained from nitrosation under 

laboratory conditions was found to be far greater than the ex- 

pected values for N-nitrosodimethylamine from the nitrosation of 

hordenine and gramine present in malt. The results obtained in 

this study, and also from previous reports for the presence of 

dimethylamine in malt and beer, strongly suggest that hordenine 

and gramine were not the only precursors for N-nitrosodimethylamine, 

and that the dimethylamine was very likely to be an additional 

precursor. 
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