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Ah&act-Carbohydrate esters of ferulic acid were released from grass cell-wails by celhdase action as a 
mixture of at least four H1O-soluble compounds in which the carboxylic group of the acid was bound to 
carbohydrate by ester bonds. The MW of these esters varied from a few hundred to over Xl 000. Hydrolysis 
of one of the carbohydrate moieties showed that it contained xylose, arabinose and glucose units. The linkage 
of the carbohydrate esters of ferulic acid to other cell-wall constituents is discus.&. 

INTRODUCTION 

SEVIXAL workerslW3 have reported the release of p-coumaric acid (PCA), ferulic acid (FA) 
and other phenolic acids from plant cell-walls by treatment with NaOH solution. In earlier 
work4 it was shown that PCA, FA and small amounts of vanillin (V) were released from the 
cell-walls of leaf blades and sheaths of ryegrass by this treatment. Some or all of the PCA 
and FA released might be linkage units between the lignin ‘core’ and the structural carbo- 
hydrates. Such lignin-carbohydrate linkages could be responsible for the well-established 
decrease in the digestibility of the structural carbohydrates of cell-walls which occurs with 
increasing lignin contents In the present work we have investigated the action of a com- 
mercial cellulase preparation on grass cell-walls and examined the H&soluble phenolic 
compounds obtained. 

RESULTS 

The relationships between weight of cellulase taken, ‘cell-wall’ digested and absorbance 
(A) of the filtrate at &,., 290 and 324 nm are shown in Table 1. Maximum A at &,., 324 nm 
was obtained using approx. 2000 units of C, (CM-cellulase) activity. 

There were correlations between weight of cellulase employed and % digested (r = 
O-68, p < O-01) and between % digested and A of the hltrate at &,., 290 nm (r = O-99, 
p < OXiOl) or at Amu 324 nm (r = 099, p < OWl). Using similar conditions of celhtlolytic 
degradation, W spectra of filtrates from ‘puritied’ cell-walls and from an ‘acetone powder’ 
were compared with the cell-wall material. Cell-walls and purified cell-walls gave similar 
UV-spectra; ‘acetone powder’ gave a shoulder at 321 nm. The corresponding values of A 
at 324 nm of the filtrates were l-41 for cell-walls, l-59 for purified cell-walls and 1.28 for 

l Part I in the projected series “Lignin-carbohydrate linkages in plant cell-walls”. 

’ S. A. BROWN, Ann. Rev. Plant Physbl. 17, 223 (1966). 
2 T. Hm~cn~, Y. Im and I. KAWAMURA, Phytochem. 6,875 (1967). 
’ T. HIGUCHI, Y. Im, M. SHU(ADA and I. RAW-, Phytochem. 6, 1551 (1967). 
’ R. D. HARTLJW, J. Sci. Food A&c 23,1347 (1972). 
’ P. J. VAN Sam, J. Anim. Sci. 23,838 (1964). 
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acetone powder (based on the same weight of ceil-walls). Treatment of cell-wails with 
pronase, Cleland’s reagent or 2 M NaCl failed to liberate compounds showing absorption 
between 260 and 400 nm. 

TABLE 1. RELATIONSHIPS BP~WEEN AMOUNT OF ~ELLULASE, CELL-WALLDKIFSTIBILIIY AND UV ABSORPTION 

OF THE FlLTRATE 

Celiulase Cell-wall At at k,,,= CetlUlaSe ceil-wall Atat& 
(units)* digested(%) 29Onm 324nm (units)+ digested (%) 290 nm 324 nm 

2.2 0.13 0.18 518 63.1 086 1.15 
7.4 0.21 0.29 740 66.6 1.00 1.28 

22.2 175 0.33 044 1110 685 1.06 1.34 
740 275 0.48 0.63 1480 69.4 1.06 1.34 

148 415 0.61 0.80 1850 70.3 1.07 1.36 
259 54.4 073 0.95 2590 70.8 1.08 1.41 
370 606 0.83 1.08 3700 71.6 1.11 I.41 

Time of incubation 16 hr. Temp. of incubation 37”. 
+ 370 units C,/mg cellulase. 
t Absorbance of filtrate diluted to 2Q ml (1 cm cell). 
The relationship Y = 23.04 - 47*78X + 40*93X” - 667X3 was fitted for Y = cell-wall digested 

(%) and X = log,, cellulase, also Y = 12.58 - 52.09X + 24750X2 - 138.91X” for Y as above and 
X = A at 290 nrn and Y = 1262 - 41.41X + 1684X’ - 62.78X3 for Y as above and X = A at 
324 nm. 

The UV spectrum of Solution 1, which was obtained by reaction of grass cell-walls with 
celhtiase, was compared with that of FA, both before and after treatment with NaOH 
(see Table 2). The compounds in Solution 1 of & 324 nm could not be removed by Et,0 
extraction but after reaction with N NaOH and acidiikation, the compounds of X,,, 316 
nm were complexly soluble in E&O. The Et~~soluble material was identified as FA by 
TLC (Solvents 1 and 2) and GLC; only traces of PCA could be detected. The weight of 
FA/g of cell-wall, determined by UV absorption as sodium ferulate at ,I,,,., 324 nm, was 
8.3 mg. By comparison, direct N NaOH treatment of cell-walls gave 8.1 mg FA + 1-O mg 
PCAfg of cell-wall. 

TABLE 2. SPECTRAL PROPERTIES OF SOLUTION 1 OBTAINED BY MACEION OF CEL- 
LULA!JEWITHORASSCELL-WALLS 

H20 

&au, hm) in 
N NaOH N NaOH N NaOH (24 hr) 
(10 mm} (6 or 24 hr) acidified with HCI 

Solution 1 290 298 3z 288 
324 359 316 

Fen&acid - 306’ 308. 290 
- 348 340 316 

Reaction tima with NaOH shown in parenthesis. Scanned between 260 and 
400 nm. * Shoulder. 

TLC of Solution 1 using Solvent 1, gave 4 spots (R, zero, O-14, O-30 and O-43) which 
fluoresced in UV light. The fluorescence was enhanced by exposure to NHJ. Only the 4 
spots gave positive phenolic tests (violet colorations). The spots of R, zero and 0.43 gave 
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positive tests for pentose (maroon coloration with panisidine phthalate reagent); the 
reaction of the spots of R, 0.14 and O-30 could not be determined by this method owing to 
the presence of other interfering sugars. The above reactions indicated that the compounds 
in Solution 1 having ,I_ 324 nm were carbohydrate esters of FA.6*7 

Samples of Solution 1 were separated by Sephadex gel chromatography: with GlO, 
33.6 % of the absorption at 324 nm was eluted at the void volume (i.e. &, = 0) compared 
with 21-3 y0 for G15, 19.2% for G25, 5.5% for G50 and 5.6% for G75. These separations 
indicated that the carbohydrate esters of FA had MWs varying from a few hundred to 
over 50 000. 

Substance A from separation of Solution 1 on Sephadex G25 had &, 290 and 315 
nm, K,,, 1.76. This high I& value was probably due to gel absorption effects brought 
about by the presence of a phenolic OH group in Substance A. A sample of Substance A 
was subjected to TLC (Solvent 1). A single spot (R, O-43) was obtained which fluoresced 
in W light and which gave a violet coloration with the phenolic reagent and a maroon 
coloration with the reducing sugar reagent. After N NaOH treatment, the reaction product, 
after removal of Na+, gave two spots on TLC (Solvent 1), one of which was identified as 
FA (R, 0%). The second spot (R, O-20) gave a positive pentose test (maroon coloration with 
reducing sugar reagent). When Substance A was hydrolysed with NaOH followed by HCl, 
TLC (Solvents 1 and 3) and GLC indicated that the pentosan of R, O-20 (Solvent 1) was 
composed of xylose, arabinose and glucose units. The molar ratio of these 3 compounds 
in the acid hydrolysate was 2-l : l-0: 1.4. 

DISCUSSION 

As purification of the cell-wall fraction did not cause a loss in yield of carbohydrate 
esters of FA obtained by cellulase treatment, it appears that the esters arc chemically bound 
to the cell-walls and are not contaminants derived from cell contents. This conclusion is 
consistent with the finding that the digestibility of the cell-walls was correlated with release 
of the esters. The possibility that the esters are artifacts formed during separation of the 
cell-wall fraction appears unlikely, as an acetone powder which was prepared by a mild 
technique gave a similar yield of the esters to that obtained with cell-walls. 

The maximum yield of FA liberated from the esters by NaOH treatment was similar 
to that obtained by treating cell-walls directly with alkali. Only traces of the PCA which 
was bound in the cell-walls, and which could be liberated by direct NaOH treatment, 
could be detected after NaOH treatment of filtrates obtained by cellulase action on the walls. 
By similar techniques, neither sinapic nor caffeic acid, which are closely related to FA, 
could be detected in the NaOH-treated filtrates. 

Release of the esters of FA and of traces of PCA units from cell-walls by cellulase 
treatment was consistent with earlier work4 which showed that FA units in similar cell-wall 
material reacted more rapidly with NazSOJ solutions than the PCA units and that the FA 
units were lost more rapidly during passage through the alimentary tract of sheep. Hence 
the FA units in the cell-walls which can be liberated by NaOH are apparently more ‘ac- 
cessible’ than the corresponding PCA units. 

Although hydrolysis of Substance A, which was a carbohydrate ester of FA, indicated 
that its carbohydrate moiety consisted of xylose, arabinose and glucose units, the possibility 

6 J. B. HARBORNE and J. J. CORNER. if&&em. J. 81,242 (1961). 
’ V. C. RUNECKLES and K. WOOLRICH, Phytochem. 2, 1 (1963). 
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by scanning between 260 and 400 nm. Substance A gave an elution peak at K., = l-76; it was purified by 
repeating the separation on G25. 

Hydrolysis ofSubstunce A. Substance A (1 mg) was added to N NaOH (24 ml), shaken, and left for 30 
min at 20”. A sample of this mixture was treated with Zeo-Karb 225 resin (H form) and used for TLC. A 
further sample of this mixture was hydrolysed with excess N HCl for 15 hr in a saded tube at 80”; the prod- 
uct was treated to remove Na+ and Cl- (the latter with Dowex 1 X8, acetate form) and examined by TLC 
and GLC. 

TLC of pkmf extracts. Cellulose plates (Schleicher & Schull, F 1440) were used with the following: 
Solvent 1, n-BuOH-HOAoH,O (62:15:23); Solvent 2, CHCla-HOAoH20 (10:9:1)13; Solvent 3, aq. 
phenol (ca. 90 %)-Hz0 (89 : 11) + 0.002 % oxine. ‘* Plates were examined in UV light and sprayed with either 
panisidine phthalate reagentas to detect reducing sugars or with Fast Blue B sa1t16 (a phenolic coupling 
reagent). Reference sugars and phenolic acids were employed and identifications of unknown compounds 
were co&rmed by co-chromatography. 

Treatment of cell-walls with N NaOH and GLC estimation of PCA, FA and V in p&ant e.xlracIs. These 
methods have been described earlier.” 

GLC estimation of reducing sugars. The method of Cheshire” was employed which was similar to that of 
Albersheim et &.,I9 except that excess HOAc was removed by evaporation with MeOH followed by Et,0 
extraction to remove last traces of the acid before GLC. 

Treatment of cell-walk with pronase or dirhiorhreirol (Cle&nd’s reagent). Cell-walls (10 mg) were incubated 
for 24 hr at 20” and 37” with pronase (2.5 mg) or dithiothreitol(lO0 mg) plus 0.05 M Tris-HCl buffer (2a ml), 
containing 0.02 M CaC&, pH 8.0. The mixtures were filtered (No. 1 glass sinter) and the UV spectra of the 
filtrates determined. 

Trearmenr of ceil-walls with NaCl. Cell-walls (10 mg) were incubated for 16 hr at 37” with 2 M NaCl 
(2.0 ml). The A of the filtrates were determined as above. 
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