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Solid-State 13C NMR of Cell Walls in Wheat Bran

Marie-Ann Ha,” W. Gordon Jardine, and Michael C. Jarvis*

Chemistry Department, Glasgow University, Glasgow G12 8QQ, Scotland, U.K.

Cell walls from wheat bran were examined intact by cross-polarization, magic-angle spinning 13C
NMR to determine their polymer composition. The carbohydrate part of the 13C spectrum was typical
of graminaceous cell walls having cellulose and arabinoxylans as their main components. Only a
little lignin was observed in the spectrum, but signals from the hydrocarbon chains of cutin were
particularly obvious. It is suggested that cutin, rather than lignin, plays an important role in
protecting wheat bran from microbial degradation in the rumen and in the human gut and that the
hydrophobic properties of the cutin are likely to be responsible for some of its nutritional properties.
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INTRODUCTION

While wheat bran is generally thought of as a lignified
fiber material, its Klason lignin content of ca. 3% (U.S.
Subcommittee on Feed Composition, 1982) is much
lower than that of other lignified fibers such as straw.
Bran in the strict anatomical sense is rather resistant
to degradation in the rumen and in the human digestive
tract, although commercial bran samples contain sub-
stantial amounts of adhering starchy endosperm and
the starch is rapidly digested. The Klason lignin that
is present seems therefore to be unusually effective in
inhibiting degradation of the bran cell walls.

Solid-state 13C NMR methods have proved useful in
the investigation of lignified plant materials (e.g., Maciel
et al., 1985; Leary et al.,, 1986; Love et al., 1992;
Newman, 1992) since no solubilization is required and
it is possible to look directly at the structure of compo-
nents such as lignin that cannot be solubilized without
degradation. Here we report a solid-state NMR study
of wheat bran using the conventional CP-MAS (cross-
polarization—magic angle spinning) method. It is pos-
sible to obtain more accurate quantitation of aromatic
components such as lignin by avoiding the use of CP
(Love et al., 1992), but this approach is less sensitive
and hence less suitable for materials of low lignin
content (Love et al., 1994).

EXPERIMENTAL PROCEDURES

Cell Wall Preparation. Wheat bran, purchased locally,
was ground under liquid nitrogen for 1 min and added to 100
cm? of a boiling salt solution for 30 s to gelatinize starch. The
sample was decanted into 750 cm? of chilled salt solution
containing 10 mM sodium acetate, 3 mM KCI, 2 mM MgCl,,
and 1 mM CaCl,. This solution is similar in ionic concentra-
tion to the solution surrounding the plant cell in vivo (Jarvis,
1991). The excess solution was poured off, and pancreatic
a-amylase and pullulanase (Sigma) were added. The bran was
stirred overnight in the enzyme solution to break down the
starch. The cell walls were defatted and sequentially dried
in acetone (50%, 75%, and 100%). Starch was shown to be
absent by colorimetric determination with 1./KI.

NMR Spectrometry. Water (0.25 cm®(g) was added to
improve the spectral resolution. The CP-MAS spectrum was
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Figure 1. Solid-state *C NMR spectrum of cell walls from
wheat bran.

measured on a Varian VXR-300 spectrometer with a contact
time of 0.5 ms, a proton field ca. 40 kHz during both CP and
data acquisition, and a relaxation delay of 1 s. The spectrum
shown is derived from 8160 scans.

RESULTS

The 13C solid-state spectrum of cell walls from wheat
bran is shown in Figure 1. Signal assignments are in
Table 1. The carbohydrate portion of the spectrum is
typical of graminaceous cell walls with secondary thick-
ening (Maciel et al., 1985; Wallace et al., 1995), contain-
ing cellulose of moderately high crystallinity and acety-
lated arabinoxylans. The signal intensity from aromatic
carbons (120—160 ppm) was unexpectedly low, and the
characteristic signal at 153 ppm from 4-O-etherified
syringyl residues in lignin was not detected. Reduced
signal intensity from aromatic carbon nuclei is some-
times observed in CP-MAS spectra due to their low CP
efficiency, particularly when the CP contact time is <1
ms. However this problem does not affect the methoxyl
carbon peak at 56 ppm, and its low intensity suggests
that phenylpropanoid residues similar to those found
in lignin were present at a level of only about 2% of the
bran cell walls.

An unexpected feature of the spectrum is the large
contribution from the hydrocarbon chains of cutin (29
ppm) (Zlotnik-Mazori and Stark, 1988; Pacchiano et al.,
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Table 1. Resonance Assignments

chemical
shift, ppm assignment
173 carboxy!l of acetyl
131 C-1 of phenolic acids and guaiacyl units in lignin
and cutin
109 C-1 of arabinofuranose in arabinoxylans
105 C-1 of cellulose
102 C-1 of xylose in arabinoxylans
88 C-4 of crystalline cellulose
84 C-4 of crystallite-surface cellulose
82 C-4 of xylose in arabinoxylans
75 general carbohydrate C-2, C-3, C-5
65 C-6 of crystalline cellulose
62 C-6 of crystallite-surface cellulose, C-5 of xylan
56 aromatic methoxyl
41 protein
30, 28 CHy in cutin
21 CH3 of acetyl

1993; Wallace et al., 1995). The aromatic peak at 130
ppm may also be assigned to phenolic residues in cutin.
The high molecular mobility of some of the aliphatic
components of cutinized cell walls (Zlotnik-Mazori and
Stark, 1988) makes exact quantitation uncertain, but
a delayed-contact experiment (data not shown) sug-
gested that the relaxation behavior of the hydrocarbon
signals observed did not differ greatly from that of the
carbohydrates. It is possible that a certain amount of
much more mobile aliphatic material (e.g., cuticular
waxes) remained unobserved due to inefficient CP
(Zlotnik-Mazori and Stark, 1988). While proteins also
show some spectral features around 29—31 ppm, their
intensity is normally less than at 41 ppm, so it is not
likely that protein makes a significant contribution to
the methylene signal at 29 ppm. The cutin content is
therefore unlikely to be overestimated from the recorded
intensity of the 29 ppm peak.

DISCUSSION

The CP-MAS spectrum makes it clear that wheat
bran contains more cutin than lignin. Cutin is highly
resistant to chemical as well as enzymic degradation
and remains in the acid residue that is conventionally
termed Klason “lignin”. Cutin, however, is much more
hydrophobic than lignin, and this may alter the biologi-
cal properties of the material.

Wheat bran is a complex, multilayered structure
(Kent, 1983), and cell walls from all its layers contribute
to the NMR spectrum. The testa—the middle layer
between the papery outer “beeswing” layers and the
thick-walled aleurone layer next to the endosperm—has
been shown by histological examination to contain a
double cuticular layer, slightly different in ultrastruc-
ture from the cuticles of plant parts exposed to the air
(Stenvert and Moss, 1974; Morrison, 1975). Waxes and
hydroxylated fatty acids typical of cutin were extracted
from the testa of barley (Briggs, 1974). Removal of the
wheat testa by dissection greatly increased the rate of
water permeation into the grain (Hinton, 1955). The
presence of cutin in the testa is therefore likely to be
crucial in the conditioning process (Kent, 1983), where
a carefully controlled moisture gradient from the outer
bran layers to the endosperm is used to control the
fracture properties of the wheat grain during milling
(Moss, 1973).

Many of the nutritional effects described for wheat
bran supplementation will be due to the cutin content.
Cutin has not been previously thought to play an
important part in the human diet (Southgate, 1995).

Ha et al.

However, because cutin is more hydrophobic than lignin,
this will have a critical effect on the nutritional effects
of wheat bran.

In humans, wheat bran supplementation decreases
constipation and the symptoms associated with consti-
pation. Supplementation does not alter the proportions
of bacteria in the colon although the total amount of
bacteria excreted is increased (McLean-Baird et al.,
1977; Stephen et al., 1986). A supplement of wheat bran
decreases the risk of developing colonic cancer. Bile
acids are bound in vitro (Kritchevsky and Story, 1993)
and in vivo (Spiller et al.,, 1984) by wheat bran.
However, when it is given as a supplement, cholesterol
levels rise, but the rise in cholesterol may be due to the
oil associated with the aleurone layer.
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