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TFA derivatives on separate runs (see Table 11). 
Structural Assignment with Respect to Stereoiso- 

mers. Immediately following the main fraction of the wine 
sample, two smaller fractions were eluted which were also 
present in synthetic 2 derived from a mixture of the dia- 
stereomeric 2,3-butanediols. Mass spectra for the three 
components differed in their abundances a t  m / e  55, 73, 
126, and 182 (see Table 11). GC-MS analysis of 4,5-di- 
methyl-1,3-dioxolane-2-propanamine TFA, 2a, which was 
synthesized by using essentially pure ~(-)-2,3-butanediol, 
gave only the first (main) fraction. I t  can therefore be 
concluded that the main fraction of 4,5-dimethyl-1,3-di- 
oxolane-2-propanamine in wine is an acetal of threo-2,3- 
butanediol and that the two minor fractions are acetals 
of erythro- (meso-) 2,3-butanediol. 

Stevens (1969) reported the presence of both 2,4,5-tri- 
methyldioxolane and 2,4-dimethyl-5-ethyldioxolane in 
wine. Muller et al. (1979) also identified a number of cyclic 
acetals in sherry. This and the present work suggest that 
cyclic acetals of other aldehydes may be present in wine. 
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Elucidation of the Nitrogen Forms in Melanoidins and Humic Acid by Nitrogen-15 
Cross Polarization-Magic Angle Spinning Nuclear Magnetic Resonance 
Spectroscopy 

Nitrogen-15 labeled melanoidins were synthesized by reaction of xylose and glucose with 15N-labeled 
glycine and ammonium sulfate and compared by cross polarization-magic angle spinning (CP-MAS) 
15N NMR to a 15N-labeled humic acid. The nitrogen in the melanoidins obtained with glycine, like in 
the humic acid, was mainly in the secondary amide form with some present as aliphatic amines and/or 
ammonium ions and some as pyrrole and/or indole nitrogen. The pyrrole- and pyridine-like nitrogen 
appears to exceed the amide nitrogen in the melanoidins obtained from xylose and ammonium sulfate. 

Melanoidins, the dark brown nitrogenous polymers re- 
sulting from the interaction of carbohydrates and amino 
acids, have been part of man’s diet since fire was first used 
for food preparation (Mauron, 1981). These polymers may 
also be at the origin of humic substances, as suggested by 
Maillard (1912, 1916). Until recently, however, this hy- 
pothesis was difficult to evaluate. A recent study (Benz- 
ing-Purdie and Ripmeester, 1983) using solid-state 13C 
NMR revealed striking similarities between synthetic 
melanoidins and a humidified soil. These results, which 
lend support to Maillard’s hypothesis, led us to pursue this 
comparison further. In spite of the importance of nitrogen 
to soil fertility (Cooke, 1981), almost half of the soil nit- 
rogenous components remain unidentified (Greenfield, 
1979; Ivarson and Schnitzer, 1979), mainly because when 

chemical degradation is attempted, some are un- 
hydrolyzable and others may be decomposed as a result 
of the necessary strong hydrolytic conditions. Since me- 
lanoidins also contain nitrogen, and as no direct infor- 
mation about the nitrogen in these substances can be ob- 
tained from 13C CP-MAS NMR, the I5N solid-state NMR 
technique was applied. Solid-state 15N NMR spectroscopy 
offers several advantages over solution NMR. No solu- 
bilization of material is necessary, thereby eliminating 
possible errors due to partial solubility of products. Also, 
as in 13C CP-MAS NMR, cross polarization and magic 
angle spinning 15N N M R  increases the sensitivity and gave, 
for example, a line width of 0.5 ppm in the case of 
polycrystalline glycine (Opella et al., 1981). 15N CP-MAS 
NMR has been used recently in studies of protein turno- 
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Figure 1. 15N CP-MAS spectra of 15N-labeled humic acid and melanoidins 1 (Xyl-Gly), 2 (Glc-Gly), and 3 (Xyl-AS). Spectrum of 
glycine-15N is shown as an insert. 

vers (Schaefer et al., 1981) and in the structural elucidation 
of biomolecules (Cross et al., 1982) but has never been 
applied to melanoidins or soil humic acid. This commu- 
nication presents the first 15N CP-MAS NMR spectra of 
melanoidins and a humic acid from a mineral soil. 

EXPERIMENTAL SECTION 
Chemicals. D-Xylose and D-glucose were purchased 

from Pfanstiehl Laboratories, Inc., Waukegan, IL 60085. 
Glycine-15N (99% 15N) and ammonium sulfate (99% 15N) 
were purchased from Stohler Isotope Chemicals, Waltham, 
MA 02154. 

Synthesis of Melanoidins. 15N-Labeled melanoidins, 
1,2, and 3, were synthesized by a method previously de- 
scribed (Benzing-Purdie and Ripmeester, 1983) from a l 
molar solution (10 mL) of xylose and glycine (20% 15N), 
glucose and glycine (40% 15N), and xylose and ammonium 
sulfate (25% 15N). The reaction mixtures were kept at 68 
"C for 30 days. The melanoidins from xylose-glycine and 
xylose-ammonium sulfate were recovered by filtration, 
washed with water, and dried. The melanoidin from the 
glucose-glycine reaction mixture was recovered after ex- 
haustive dialysis and evaporated to dryness a t  38 "C. 

Soil Humic Acid. An Orthic Humic Gleysol, moistened 
to and maintained at two-thirds field capacity, was incu- 
bated with 300 ppm of Na15N03 and 5000 ppm of 
13CH3COONa a t  25 "C for 7 months. During this period, 
the soil was subjected to one dry-wet and two freeze-thaw 
cycles. The 15N-labeled humic acid (2.7% 15N excess) was 
isolated from the soil by standard procedures (Preston and 
Ripmeester, 1982). 

Cross Polarization-Magic Angle Spinning (CP- 
MAS) 15N NMR Spectra. The spectra were obtained at 
18.25 MHz on a Bruker CXP-180 pulsed spectrometer with 
cross polarization and magic angle spinning. A single cross 
polarization sequence was used with matched rf field am- 
plitudes of 28 kHz. The cross polarization time was 1 ms. 
Up to 30 OOO 500-point free induction decays were coadded 
at a sweep width setting of 20 kHz. Zero filling up to 4K 
was used before Fourier transformation. Delrin spinners 
of the Andrew type were used with spinning speeds of 
-3500 Hz. Chemical shifts are referenced to external 

Table I. 
and Humic Acid 

Yields and Microanalytical Data' of Melanoidins 

substance C H N yields, g 

melanoidin 1 (Xyl-Gly) 56.51 6.70 3.61 0.690 
melanoidin 2 (Glc-Gly) 64.20 5.66 4.10 0.290 
melanoidin 3 (Xyl-AS) 57.50 4.36 4.60 0.100 
humic acid 49.88 5.73 2.85 

a Data are reported on an ash-free basis. 

ammonium nitrate. Assignments were made by compar- 
ison with published 15N NMR data (Levy and Lichter, 
1979). 
RESULTS AND DISCUSSION 

The reaction of xylose with glycine gives a higher yield 
of melanoidins than glucose with glycine, and glycine is 
more reactive than ammonium sulfate (Table I). These 
results are not surprising since it had been shown previ- 
ously that the pentoses, in particular xylose and arabinose, 
are the most reactive sugars and glycine is the most re- 
active amino acid (Manskaya and Drozdova, 1968). The 
microanalytical data of the melanoidins and humic acid 
are similar (Table I), even though the melanoidins are 
simple polymers arising from the interaction of one re- 
ducing sugar and one amino acid or ammonium salt. 

The three 15N CP-MAS NMR spectra of melanoidins 
1 and 2 and the soil humic acid show a predominant peak 
at 97 ppm (Figure l) ,  characteristic of a secondary amide 
type nitrogen. In addition, the three spectra show an 
absorption band at 155 ppm due to a pyrrole-type nitrogen 
and one at 128 ppm, attributed to either a secondary amide 
nitrogen or a pyrrole and an indole nitrogen. The band 
a t  128 ppm is more pronounced in the melanoidins than 
in the humic acid. The 15N CP-MAS NMR spectra ob- 
tained by using cross polarization times of 2, 3, or 5 ms 
show more clearly the bands a t  128 and 155 ppm. The 
spectrum of melanoidin 1 (Figure 2) is given as an example. 
Thus, the broadness of the major peak at 97 ppm (mela- 
noidin 1, Figure I) is mainly due to the overlapping of three 
peaks with maxima at 97,128, and 155 ppm. Amide groups 
in peptide linkages give a signal a t  97 ppm with a broad- 
ness of about 50 ppm (Schaefer et al., 1979; Cross et al., 
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NMR is effective in elucidating the various forms of ni- 
trogen in soil, which is of obvious importance to soil sci- 
ence. Knowledge gained through this approach should 
help understand and manage soil nitrogen toward more 
optimum agronomic results, This is especially so, as the 
evidence indicates that much of the soil nitrogen is in one 
form, Le., secondary amides. The results obtained are also 
relevant to food chemistry, as melanoidins are important 
constituents of many cooked foods and elucidation of their 
structures is an important goal of this branch of science 
(Fujimaki et al., 1981). 
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Figure 2. lSN CP-MAS spectrum of l6N-1abeled melanoidin 1 
(Xyl-Gly): cross polarization times 2,3, and 5 ms spectra added. 
Spectrum of glycine-l6N is shown as an insert. 

1982). The presence of a secondary amide nitrogen and 
a pyrrole or pyrrole-type nitrogen in the melanoidins 
corroborates postulated structures for these polymers 
(Kato and Tsuchida, 1981). Melanoidin 1 shows a peak 
a t  10 ppm that is assigned to the nitrogen of glycine as 
glycine run under the same conditions gives a signal at the 
same chemical shift. This is further corroborated by our 
previous results (Benzing-Purdie and Ripmeester, 1983), 
based upon acid hydrolysis, showing that the polymer 
contained about 1 ’% of the starting amino acid. This peak 
is not resolved in melanoidin 2 obtained from glucose and 
glycine, whose spectrum shows a broad band centered a t  
24 ppm. This band is also found in the soil humic acid 
spectrum but cannot be assigned with certainty, as nitro- 
gen of a variety of functional groups, e.g., aliphatic amines, 
ammonium ions, anilines, and guanidines, absorb in this 
region. The 15N CP-MAS spectrum of melanoidin 3, ob- 
tained from xylose and ammonium sulfate, has many 
different features. The spectrum shows a large band 
centered around 115 ppm which may be attributed to 
secondary amide nitrogen but more likely is due mainly 
to an indole or a pyrrole nitrogen based on the high aro- 
maticity shown by the 13C CP-MAS NMR. Another less 
important band around 315 ppm may be assigned to 
pyridine or pyridine-like nitrogen. The presence of this 
type of nitrogen is not too surprising, as more than 20 
pyridine derivatives have been characterized as products 
in Maillard reactions (Vernin and Parkanyi, 1982). 

The results reported here reveal striking similarities 
between the melanoidins synthesized from reducing sugars 
and amino acids and a humic acid from a mineral soil. The 
nitrogen in the melanoidins, like in the humic acid, is 
mainly in the secondary amide form with some present as 
aliphatic amines and/or ammonium ions and some as 
pyrrole and/or indole nitrogen. These findings may ex- 
plain in part the difficulties encountered in the identifi- 
cation of the nitrogen in the soil and the elucidation of the 
structures of melanoidins. Sterically hindered secondary 
amides are very resistant to acid hydrolysis. The lSN NMR 
evidence also corroborate our previous findings based on 
‘3c solid-state NMR and lend further support to Maillard‘s 
hypothesis. Our studies clearly show that lSN CP-MAS 
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