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I. INTRODUCTION

A. STATEMENT OF PROBLEM

The Saguaro, largest of the United States cacti, is endemic 

to the Sonoran Desert. It thrives under conditions of high tempera

ture, low rainfall and loose rocky soil. Individual plants may attain 

a height of fifty feet, a weight of six tons and an age of 200 years. 

The ability of the cactus to accumulate water enables it to flower 

and bloom during periods of prolonged drought.

The plant can be divided into four parts: . the pith, the rib 

(secondary xylem), the cortex (pulp) and the epidermal layer.' The ' 

Cross section of the plant is shown in Fig. 1. There are two ligni- 

ferous parts in the plant: the rib and the callus tissue. The rib

is a woody material. The chemical composition of the rib as related 

to that of typical hardwoods is of interest to organic chemists and 

taxonomists alike. The callus tissue is a cork-like structure (1).

It is formed around parts of the plant which are injured or infected 

by the bacterium Erwinia camegiana, following injury. The mechanism 

of callus formation, as well as the formation of related wood tissues 

and the mechanism of abscission, have been studied in other plants 

from an -anatomical, physiological and his to chemical view-point (2,3 ). 

Bonner (U,$) and others have investigated the effect of plant growth 

hormones on the rate of formation of these tissues. However, little 

is known concerning the chemical composition of these pathological 

excrescences or their co-occurring chemical precursors.
1
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It is felt that a fundamental chemical study of the Saguaro 

would provide a basis for investigating some of these plant mechanisms. 

From such chemical data about the Saguaro, certain deductions can be 

drawn concerning the nature of rib and callus formation. Also, taxonom- 

ical comparisons can be made between the wood of the cactus and that of 

other plants.

B. APPROACH TO PROBLEM

In order to adequately compare rib and callus tissue with one 

another and with other plants, two analyses were carried out: (a) the 

proximate chemical analysis, and (b) the degradation of the lignin.

The proximate chemical analysis included determination of extractives 

and isolation of lignin and cellulose by standard methods of hardwood 

analysis. Degradation of the lignin fraction to aldehydes was carried 

out by alkaline nitrobenzene oxidation. Possible precursors of the 

lignin were sought by analyzing for phenolic constituents of the 

alcohol-benzene extracts, before and after acid hydrolysis.



II. DISCUSSION

A. LITERATURE SURVEY

1. Previous chemical investigation

Little is known about the chemical composition 

of the Saguaro. Heyl (6) has studied the alkaloid, camegine 

C-^Hi^NOg, from the Saguaro. It was isolated in the form of 

optically inactive syrup, b.p. 170° C/lmm. The compound (7) 

was characterized as 1,2,3,U-tetrahydro-6,7-dimethoxy-l,2- 

dimethylisoquinoline•

Greene (8) has investigated the chemical composition 

of the fruit of the Saguaro. The fruit of the Saguaro supplies 

the Indian with a variety of edible products: a palatable

syrup not greatly unlike maple syrup3 the dried pulp, from 

which the syrup may be preparedj the seeds which may serve 

as a source of protein; a wine for religious rites and a 

vinegar for domestic purposes.

2. Botanical investigation

In 19hZf botanists found that the Saguaro was menaced 

by a disease prevalent in its native habitat, particularly near 

Tucson and Maricopa County, Arizona. Because of its botanical 

importance, studies of the disease have been continued since 

that year. Lightle and others (9) have carried out inoculating 

experiments, which show that the bacterium, Erwinia camegiana.

3
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is the cause of the Saguaro necrosis.

It was observed that the formation of cork-like callus 

tissue is one means of defense against invasion of the bacte

rium. Peculiarly shaped cork structures are often found on the 

ground where a Saguaro has fallen and disintegrated. This 

indicates that the cactus has repeatedly resisted the attack 

of the bacterium by cutting off its progress temporarily by 

means of layers of suberized cells. The bacterium has just as 

often broken through these layers.

The mechanisms of spreading of the bacterial necrosis 

have been studied by Boyle (l). She suggested that there are 

three pathways. The first is by the contact of the root system 

of one infected plant with the roots of other individuals in a 

group. The second is by the saturation of the ground around an 

infected plant with infected decomposed tissue, thus furnishing 

inoculum for the spread of the disease to other plants through 

wounds in the roots. The third is by the insect vector, 

cactobrosis femaldialis, which is considered to be the most 

important factor concerned with the rapid progress of bacterial 

necrosis in the Saguaro.

Certain factors and their relation to susceptibility 

to the disease and its prevalence were also discussed by Boyle. 

She pointed out that there is no correlation between age, or 

amount of rainfall and mortality of the Saguaro.

It was found that penicillin has an inhibitory effect 

on Erwinia camegiana. Although the use of penicillin in 

control work is not practical in large scale operations, its
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application has been found effective in cases in -which only a 

few plants are involved.

3* Extractive studies in other cacti 

a. Chemical investigation

Chemical composition of the fruits of cacti - 

Jaffa (10) has studied several cacti fruits* Analysis of 

these fruits gave the following results: water 86*02;

protein 0*?6; fat 0.07; carbohydrate 12.1t6; fiber 0.26; 

ash 0.b3%m It was shown that the chemical composition of the 

fruits of cacti is quite similar to that of strawberry guava.

Analysis of carbohydrate in cacti - Spoehr (11) has 

studied the cacti, Opuntia versicolor and Opuntia phaeacantha*

It was found that fresh cactus joints gave the following re

sults upon analysis for growing and mature joints respectively; 

water 95*00, 75*00; crude protein 0*50, 1.00; carbohydrate 

hydrolyzable with 1 per cent HC1 2.00, 10.00; cellulose 1.00, 

3*00; crude fat 0.25, 0*50; ash 1.00, 3*50%. Individual 

plants show considerable variation of all components, depending 

upon their location and environmental conditions. The major 

portion of the carbohydrates is present as polysaccharide 

. material, mainly as starch and as a major mucilaginous substance 

of pentosan nature. Analysis of 0. versicolor and 0. phaea

cantha respectively gave the following results: water 82.15,

78.70; total sugars 1 .97» 3 *53$ total polysaccharides 1 .50,

3 .22; disaccharides and hexoses 0 .33, 0.2U; total hexose 

sugars 1 .59, 1.81; hexose polysaccharides 1 .29, 1.593 disaccha

rides 0.15, 0.08; monosaccharides 0.3U, 0.26; hexose 0 .18, 0 .l6;



total pentose O.36, 1 .6k; pentose 0 .16, 0.10; pentosan 0.23, 

1*55^. The following individual sugars were identified: 

1-xylose, d-glucose, fructose, sucrose, also gluconic acid 

in small amounts. The mucilaginous substance, which plays 

an important physiological role, was found by hydrolysis to 

contain 3k.l$ d-glucose and 6%.9% 1-xylose and a small amount 

of ash. The following seasonal variations in carbohydrate 

content were observed: low water content and high temperature

are associated with increase of polysaccharides, decrease of 

monosaccharides and increase of pentosans.

Chemical composition of Opuntia - Benjamin (12) has 

studied Opuntia for the purpose of comparing those which had 

not been attacked by cactoblastis, with those which had been. 

Analysis of those cacti gave the following results respective

ly: water 79.18, 88*58; total ash 2.35, 2.27; protein 1.05,

0.77; fat 0.57, 0*3k; carbohydrate 16.Q5, 7*39; crude fiber

0.81, O.78; N 0.17, 0.12; insoluble ash 0.31, 0.09; CaO 0.85,

0.73; P205 0*07; 0 .06; Cl as NaCl 0 .11, 0 .0 7 and KgO 0.21,

O.38/&. Solina (13) has studied the seeds of Opuntia. He 

found that the seeds contain water 5.05, oil 6.U3, cellulose 

U6.61, pentosan U.33, starch 31*87 and ash 1.85#.

In summary, water appears to be present in cacti stems 

in amounts exceeding 8Q#. The chief organic component is 

polysaccharide material.

Alkaloids of cacti - Reti (Ik) has made general survey 

of cactus alkaloids. The presently known cactus alkaloids are 

of simple chemical constitution. They are either substituted



beta-phenylamines, evidently related to and probably derived 

from the naturally occurring aromatic amino acids, or they are 

simple tetrahydro isoquinolines, "which could originate from 

these bases by condensation and cyclization through the action 

of organic compounds containing one or two carbon, atoms. For 

example, the alkaloids which have been isolated from the 

Anhalonium genus are mescaline, N-methylmesealine, N-acetyl- 

mescaline, anhalamine, pellotine and hordenine, etc. The 

structures of these alkaloids are shown as in the following:

X
OCH,

Mescaline

H H

Anhalamine

Hordenine Pellotine

Economic value of cacti

The semi-arid lands of the Southwest stand out as one 

of the largest undeveloped regions of the United States. The 

flora of the region is unique and consists largely of cacti.
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which up to the present time have been of little commercial use* 

However# past investigations (l£) have shown that there are 

possibilities of obtaining stock feed, alcohol, paper pulp, 

sugars, starches, resins, gums, alkaloids, oils and other 

extractives from the cacti* It would appear that although 

chemical utilization of cacti is not immediately feasible, 

there is considerable promise for future development.

U. Biosynthetic results obtained by surveying plant constituents 

Surveys of the chemical constituents of higher plants 

have been carried out by Kind (16), Steelink (17), Geissman 

(18), Bate-Smith (19) and many other chemists. In these studies, 

it has been shown that there exist unique structure relation

ships among the compounds isolated from the plants. Such re

lationships are useful in formulating theories for biosynthetic 

pathways for many important classes of plant metabolites. Thus 

the biosynthetic route leading to the formation of flavonoid 

plant pigments has been based on surveys of the extractives of 

all major and minor constituents of one plant. The proposed 

route has been supported by subsequent studies with radioactive 

precursors (20,21). For this reason, sufficient knowledge and 

data on plant constituents are required.

B. EXPERIMENTAL APPROACHES

1. Proximate analysis

The proximate analysis of wood is a necessary prelimin

ary to a more detailed study of the chemical constituents.

From this, one can deduce certain taxonomic relations between 

tie Saguaro and other species. In addition, it is useful in 

investigations of biological changes which accompany growth



or decay of wood. The proximate analysis consists of the de

termination of extractives, cellulose and lignin.

For the proximate analysis of the Saguaro tissues, 

standard methods of wood analysis (22) were used. The data 

obtained from the analyses are listed in Table 1. To emphasize 

the relationship of cactus wood to economic woods, data showing 

the composition ranges of some typical hardwoods are presented 

in Table 2.

It is found that the chemical composition of the rib 

of the Saguaro is quite similar to that of a number of repre

sentative hardwoods. The extractives content of the callus 

tissue (particularly that portion which is soluble in organic 

solvents) is significantly greater than that of the rib. The 

lignin content of the callus tissue is approximately $0$ 
greater than that of the rib, whereas the holocellulose content 

is considerably lower.

Thus, it would appear that active lignification and/or. 

suberization takes place at the sites of callus growth.

■Whether or not this occurs at the expense of cellulose forma

tion is a moot question at this time.’

2. Analysis of lignin

In the light of our present knowledge of lignin 

chemistry, lignin may be defined as that incrusting, polymeric 

material of the plant which is built up mainly of phenylpropane 

monomeric units. It carries tie major part of tie methoxy 

content of the plant. It is unhydrolyzable by acids, easily 

oxidizable, soluble in hot alkali and condenses readily with

9
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phenols*

In order to isolate lignin from plant material for 

scientific investigations, a carefully selected sample must 

be used. It must be finely ground and the extractives which 

could contaminate the lignin must be removed. The method of 

Ritter (22, 23) which utilizes 72% sulfuric acid, has been 

considered satisfactory for general application. By this 

procedure, lignin can be separated from plant cellulose and 

obtained in a relatively pure state.

Although the precise molecular structure of lignin 

is still unknown, a considerable body of knowledge exists 

concerning the monomeric degradation products of the lignin.

The structures of such products enable investigators to identify 

various lignins and to draw conclusions regarding the molecular 

structure of any particular lignin.

When lignin is oxidized, even under mild conditions, 

several simple compounds are obtained. The oxidation of lignin 

has been carried out in neutral, acid and alkaline media. Of 

the three, the alkaline medium was found to be the best. One 

of the mild oxidations is the cupric oxide technique used by 

Pearl (2U,2£)» He isolated vanillin (I), vanillil (II) and 

vanillone (III) after oxidation of the lignin. Creighton and 

others (26, 27) have used the alkaline nitrobenzene technique. 

They found that the lignin of gymnospeims gave only vanillin 

(I), whereas the lignin of angiospeims gave a mixture of 

vanillin (I) and syringaldehyde (17). In later work they iso

lated vanillin (I) and syringaldehyde (17) after oxidation of 

dicotyledonous plants. From monocotyledonous plants p-hydroxy-
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benzaldehyde (V) was obtained in addition to (I) and (IV).

c e 3o CE30 OCH3

J~x7-CHO L
(I) (II)

CH30 °c e 3"O X,
(in)

CH3 0

HO.-/ \CEO •CEO

CEgO

(IV) (V)

Roadhouse (28) used the same alkaline nitrobenzene technique 

to investigate the lignin from some grasses. From these he 

obtained vanillin (I), syringaldehyde (IV) and p-hydroxybenzalde- 

hyde (V).

On oxidation of the lignin of the Saguaro tissues with

alkaline nitrobenzene, vanillin (I) syringaldehyde (IV) and
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p-hydroxybenzaldehyde (V) were isolated. The data are listed, 

in Table 3» It is apparent that the aldehyde content in the 

lignin of the callus tissue is approximately two times that in 

the rib. But the concentration ratio 1/17/7 in the lignin of 

the callus tissue is almost identical to that in the rib.

3» Acid hydrolysis of extractives

The cell wall of the wood is made up of a cellulose frame

work impregnated with lignin. Interspersed in this framework 

are compounds which are soluble in organic solvents. These are 

called the extractives. Most of the extractives can be removed 

by means of neutral solvents, such as petroleum ether, ether, 

benzene, ethanol, water and steam. The following types of 

organic compounds may be present among the extractives: 

aliphatic and aromatic hydrocarbons, terpenes, aliphatic and 

aromatic acids and their salts, alcohols, phenols, aldehydes, 

ketones and quinolines, esters and ethers. Some contain water- 

soluble polysaccharides. Some contain tannin and coloring matter. 

The extractives often serve to characterize a wood.

A Soxhlet apparatus was used to isolate the extractives 

from the Saguaro tissues. Ethanol-benzene (in the ratio 1/2 

v/v), was found to be an excellent mixed solvent. By evapor

ating the solution to diyness the extractives were obtained.

Paper chromatographic analysis of the extractives revealed the 

presence of aromatic aldehydes. The structures of these 

aldehydes were not identified. After acid hydrolysis of the 

rib and callus tissue, the hydrolysate, a brown solution, was 

obtained. Vanillin (I), syringaldehyde (17) and p-hydroxy- 

benzaldehyde (V) were found in this hydrolysate. It was very



interesting to note that the degradation products of lignin and 

the hydrolysate of the extractives have the identical phenolic 

aldehydes. The aldehydes content of the lignin was greater 

than that of the extractives.

From a biosynthetic point of view, these findings are 

extremely interesting. It is well known (29) that syringin 

(Vi) and coniferin (VII) occur in heartwood extractives. The

13

_CH50 x_____

•CH=CH-CH20H

CH30 \\CH=CH-CH20H

CH3° R=C6H i i 0 5

(VI) (VII)

in vitro experiments have shown these substances to be capable 

of polymerizing to lignin type substances. Many investigators 

feel that these substances may be the active precursors of 

lignin in growing tissues. The presence of the three aldehydes 

(I, 17, V) as glycosides in the ligniferous parts of the 

Saguaro suggests that these substances may also be active pre

cursors of the Saguaro lignin. Should this be the case, their 

easy detection and isolation would make the study of lignifi- 

cation in this plant readily accessible to ordinary paper 

chromatographic techniques. The study of the course of wound 

tissue formation could be traced by measuring the concentration 

of these aldehydes over periods of time. The mechanism of 

disease resistance could also be followed in the same manner.
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Studies of this nature are now being programmed in 

this laboratory as a result of these present findings.

It. Techniques of chromatography and spectrophotometry

The method of paper chromatography has been used 

successfully to identify a number of plant compounds by many 

workers (16,17,18,19). This technique was employed in the 

study of the Saguaro. The detection and separation of the 

aldehydes from the lignin degradation products and the 

hydrolysate of the extractives, were carried out by using 

standard descending paper chromatography (30).

One of the most important factors for successful 

paper chromatography was the proper preparation of the sample. 

After the lignin was oxidized, a dark brown solution was 

obtained. Two methods were used to analyze this mixture fbr 

aldehydes: (a) the Morrison (31) fractionation and (b) the

Stone (32) and Roadhouse (28) techniques. The Morrison 

method employed solvent fractionation prior to application 

on a paper chromatogram. Stone and Roadhouse, on the other 

hand, applied the crude degradation mixture directly on the 

paper, then neutralized with acetic acid. In the study of 

the lignin of the Saguaro, it was found that the method of 

Stone and Roadhouse gave more intense bands and better separa

tion of the aldehydes. For the hydrolysate of the extractives, 

it was found that best results were obtained when the solution 

was adjusted to pH 5 prior to chromatographic analysis.

The quantitative determinations of the aldehydes 

were made by the technique of spectrophotometry and comparing



their spectra to standard spectral curves of authenic samples. 

The pure aldehydes were treated in the same way as the samples. 

They were spotted on paper, developed, and eluted. Standard 

spectral curves were obtained from these eluted samples.



III. EXPERIMENTAL

A. PROXIMATE ANALYSIS

1. Sampling

Rib - A twenty foot plant, which had been recently 

felled by wind, was cut ten feet above the base. A one-foot 

section was removed; the pulp was stripped away from the ribs. 

The ribs were dried at room temperature, then ground in a 

Wiley mill and passed through a UO-60 mesh screen.

Callus tissue - This was found on the ground where 

the Saguaro had fallen and disintegrated. The outside dark 

layers were removed, and rest ground in a Wiley mill and 

passed through a I4O-6O mesh screen.

2. Extraction

A 30 gram sample of air-dried meal was placed in a 

Soxhlet extractor and extracted continuously for twelve hours 

with £00 ml. of the appropriate solvent. Successive extrac

tions were carried out with petroleum ether (60°-75o G), 

diethyl ether, benzene and ethanol (95/0• The residual meal 

was then triturated with cold water for twenty four hours, 

after which it was extracted with boiling water in the Soxhlet 

apparatus. A final extraction was made with cold 1% NaOH 

solution. All fractions were evaporated to dryness (with the 

exception of the NaOH fraction which was neutralized and 

filtered). The residues were then dried at 10£° 0 and weighed.

16



3* Steam distillation

A 10 gram sample of air-dried meal was placed in a 

flask connected to a condenser and heated to 110° G. A 

current of steam was passed through the flask until no more 

oil distilled over. The steam flow was then stopped and 

heating was continued until all water was expelled from the 

sample. The distillate was extracted by ether. The ether 

fraction was evaporated to dryness and the residue was weighed 

U. Isolation of cellulose

Holocellulose - A gram sample of air-dried meal 

was extracted for four hours with 95$ ethanol and eight hours 

with ethanol-benzene (in the ratio 1/2 v/vj in a Soxhlet 

apparatus. The extracted sample was placed in a 250 ml# 

Erylenmeyer flask with 160 ml. of water containing 1.5 grams 

of sodium chlorite and 10 drops (0 .5 ml.) of glacial acetic 

acid, and heated under a hood for one hour at 70° - 80° C.

The flask was sealed loosely by an inverted 25 ml. Erylenmeyer 

flask and rotated gently at intervals during the reaction. 

After one hour, 10 drops of acetic acid and 1.5 grams of 

sodium chlorite were added without cooling the mixture, and 

the heating continued for an additional hour.

Four such treatments were necessary to delignify the 

wood. After the delignification, the residue was white in 

color. The suspension was cooled immediately in an ice-bath 

and filtered through a coarse frittered glass funnel. The 

residue was washed repeatedly with ice-water, followed by 

acetone. Then it was dried at room temperature and weighed.
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Alpha cellulose - A 3 gram sample of air-dried holo- 

cellulose of known moisture content was treated with 35 ml* 

of 17.5% sodium hydroxide solution at 20°C. After the mixture 

had remained standing for five minutes, UO ml. of additional 

sodium hydroxide solution was added in 10 ml. portions during 

the nextten minutes, under constant stirring. After thirty 

minutes more, 75 ml. of water at 20° C was added with thorough 

stirring, and the mixture was filtered immediately. The alpha- 

cellulose residue was washed with 750 ml. of distilled water at 

20°C, then 1*0 ml. of 1.0% acetic acid was added and allowed to 

soak into the mat for five minutes. The residue was thoroughly 

washed with distilled water. The alpha cellulose was dried at 

10$°C and weighed in a stoppered weighing bottle.
Beta and Gamma cellulose - For determining beta and 

gamma cellulose the filtrate from the alpha cellulose test and 

the wash water, collected prior to the addition of acetic acid, 

were removed from the suction flask. The solution was diluted 

to bOO ml. and divided into two parts. One was diluted to 

2^0 ml. in a volumetric flask for the determination of beta 

plus gamma cellulose. The other was similarly diluted after 

acidifying to the methyl orange end point with 10% sulfuric 

acid, and the precipitated beta cellulose was allowed to settle. 

Aliquots of 25 ml. were pipetted from each of the flasks into 

250 ml. beakers, to which were added £> ml. of standard dichro

mate solution (90 grams/liter) and 60 ml. of 72% sulfuric acid. 

The contents of the beakers were boiled for five minutes, cooled 

in ice, and the excess of dichromate was titrated with standard
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ferrous ammonium sulfate solution. Barium diphenylamine 

sulfonate was used as an inside indicator. The millie- 

quivalent weight of cellulose in the oxidation reaction was 

taken as 0 .00679•

9# Isolation of lignin

Air-dried meal (1 gram) was extracted successively 

for £>ur hours with 95% ethanol and eight hours with ethanol- 

benzene (in the ratio 1 /2 v/v) in a Soxhlet apparatus. The 

meal was then washed with 90 ml. of ethanol, further extracted 

by digestion with L.00 ml. of water at 100°C for three hours, 

filtered, washed, and air dried. The extracted sample was 

treated with 19 ml. of T2$ sulfuric acid at 12°-l90 C, stirred 

for one minute, and allowed to stand for two hours with 

frequent stirring at l8o-20°C. The mixture was then diluted 

to 3% acid concentration by adding 960 ml. of water and boiled 

for four hours. The insoluble lignin was filtered on filter 

paper without suction, and washed free of acid with 900 ml. 

of hot water. It was then dried in an oven at 100O-109°C for 

two hours, cooled in a weighing bottle, and weighed. The 

heating and weighing were repeated until the weight was constant.

B. ALKALINE NITROBENZENE OXIDATION OF LIGNIN

The reaction vessel was a stainless steel bomb (12 ml. 

capacity), having a screw-on cap sealed by a copper ring. A 

160 mg. sample of lignin was placed in the bomb with 8 ml. of 

2N NaOH and 0.8 ml. of nitrobenzene. The bomb was closed tightly 

and heated with constant shaking at 170°C for two and half hours 

in an oil bath. At the end of this time, the bomb was cooled, and



opened. The contents were washed out with water, and centrifuged 

for 20 minutes. The supernatant liquid, dark brown in color, was 

subjected to paper chromatography.

C. ACID HYDROLYSIS OF EXTRACTIVES

A 30 gram sample of air-dried meal was placed in a Soxhlet 

extractor and extracted for 2U hours with $00 ml. of ethanol- 

benzene mixture (in the ratio 1/2 v/v). The ethanol-benzene 

fraction was then evaporated to dryness and the residue dried 

at 10$°C.

A 0.3 gram sample of this extractive residue was extracted 

successively for four hours with ether, four hours with benzene 

and then dissolved in ethanol. All fractions were evaporated to a 

small amount and used for paper chromatographic' analysis.

Another 0.5 gram of the extractive residue was placed in 

a round bottom flask and 5>0 ml. of IN sulfuric acid was added.

The mixture was refluxed for four hours and allowed to cool. The 

insoluble material after hydrolysis was 0 .19 gram from the rib 

sample, and 0.lt5 gram from the callus tissue sample. The hydroly

sate was a brown solution where pH = 1.

The pH of the hydrolysate was adjusted to 5 by adding 

sodium hydroxide solution. Then it was transferred to a liquid- 

liquid extractor and was diluted with water to 200 ml. Ether 

(150 ml.) was placed in the boiler. The extractor was fitted 

with a condenser connected to a water pump. Ice-water was cir

culated through the condenser during the extraction. After 

twelve hours the extract was yellow. The ether was removed and 

the residue dissolved in ethanol and subjected to paper chrom

atography.

20
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D. CHROMATOGRAPHIC ANALYSIS

Standard descending chromatographic techniques were used 

in the course of the study. The essentials of the apparatus 

consisted of a 12" x 12" x 2li" square chromatographic tank (101A, 

Research Specialities Corporation, Berkeley, California). Stain

less steel racks held from one to four glass troughs assemblies 

in which the solvent was placed. In order to obtain a saturated 

atmosphere, two methods were used, (l) A dish of solvent was 

placed at the bottom of the tank one day prior to the experiment. 

(2) The walls of the tank were lined with filter paper and then 

were immersed in solvent placed in a trough at the bottom of the 

tank.

The general procedure of analysis was as follows. The 

Whatman No. 1 paper was cut into strips 23 cm. by 50 cm. The 

sample to be analyzed was spotted on a line 7 .5 cm. distant and 

parallel to one edge of the paper. The sample was applied by 

means of a capillary tube which was drawn out at one end. The 

spots were spaced 2.5 cm. intervals. After the spots were dried, 

the paper was folded sharply along a line 5*5 cm. from the edge; 

the samples were therefore, 2 cm. from the fold. The paper was 

transferred to the chromatographic tank and developed. The time 

required for the development depended on the solvent system 

used and the temperature of the room. Table 5 lists the solvent 

systems used in the preliminary investigation. After the paper 

was developed, it was removed from the tank and dried for one hour.

The dried paper was scanned under ultraviolet light.

The solvent front and fluorescent areas were marked with a lead
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pencil. Then the paper was sprayed with one of the reagents 

listed in Table 6 . After the paper was dried, the colored areas 

were marked. The paper was scanned under ultraviolet light again 

and the fluorescent areas were marked. The Rf values of all 

these areas were calculated from the leading edge of the spot.

E. SPECTROPHOTOMETRIC ANALYSIS

Spectrophotometric analysis in the course of the study 

was made with Cary Recording Spectrophotometer Model 11 

(Applied Physics Corporation, Monrovia, California).

In order to get a single compound from the sample in 

sufficient quantity for spectrophotometric analysis, the sample was 

streaked along the base line of the paper. The sample was con

centrated in this streak by ten to fifteen applications. A test 

spot was placed at the end of the streak. The paper was dried and 

developed. The test strip was cut out of the large sheet, scanned 

under ultraviolet light, and sprayed with one of the reagents.

The colored areas were marked. The bands on the unsprayed part 

of paper which corresponded to these colored areas, were cut out, 

and placed in an elution tank. The tank consisted of a glass 

trough containing 70$ ethanol. One end of the band was dipped 

into the trough, and folded over the edge of the trough. A glass 

bar was used in the trough to hold the paper band in place. The 

eluted sample was collected in a 20 ml. beaker. If the band 

consisted of more than one compound, the eluted sample was re- 

chromatograjohed by using another solvent system.

The spectrum of the eluted sample was determined in the 

200-U00 mu range. The solvent blank was obtained by the elution 

of a blank portion of the paper from which the sample was taken.
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This eliminated any spectral interference from the paper itself.

After the spectrum of eluted sample was determined in 

ethanol solution, two drops of 0.256 alcoholic potassium hydroxide 

were added to the solution and in equal amount, to the solvent 

blank. Then the spectrum of the sample in basic solution was 

determined.

F. IDENTIFICATION OF VANILLIN, SYRINGALDEHYDE AND p-HYDROXYBENZAIDEHYDE 

Vanillin, syringaldehyde and p-hydroxybenzaldehyde were 

found in the lignin degradation mixture and in the acid hydrolysate 

of the extractives. These aldehydes were identified in the follow

ing way.

1 . Aldehydes obtained from the lignin degradation products.

The alkaline degradation solution of lignin obtained 

from III B was subjected to paper chromatographic analysis.

The sample was spotted on several sheets of paper. The sample 

on the paper was neutralized by carefully spotting with glacial 

acetic acid. The papers were dried and developed with differ

ent solvent systems. After developing, the papers were scanned 

under ultraviolet light. Some purple areas were found on the 

sodium carbonate treated paper which was developed with t-amyl 

alcohol saturated with IN sodium carbonate. The papers were 

then sprayed with different reagents. One of the reagents, 

a saturated solution of hydrazine sulfate in 2$% HC1 (9/1 v/v), 

produced many yellow areas on the papers. Since this reagent 

is used for spraying carbonyl compounds, it was possible that 

these yellow areas contained carbonyl groups. Two solvents 

were found to be very effective for the separation of these
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yellow areas. They were (a) petroleum ether (100-110°C): 

n-butyl ether:water (6/1 /1  v/v/v) and (b) acetic acid.

The former (EB?f) gave better results.

For spectral analysis a 0.3 ml. samples measured by 

micropipet, was streaked along the base line of the paper.

After each five streaks, glacial acetic acid was applied on 

the line in order to neutralize the sample. A test spot was 

placed at the end of the streak, and was neutralized by acetic 

acid in the same way. The paper was dried and placed in the 

tank with solvent FBW. It required four hours at 300-33°C 

to separate the aldehydes. On removal from the tank, the 

paper was dried. The test strip was cut out of the large sheet. 

The position of the aldehydes were determined by spraying with 

hydrazine reagent. . The bands on the unsprayed part of paper 

which corresponded to these aldehydes were cut out. They were 

then eluted with 70/5 ethanol. The eluted bands were concentrat

ed to 3 ml. and were determined spectr©photometrically.

The results of spectrophotometrie analysis, and 

chromotographic analysis showed that band 1 (Rf = 0.1$), 

band 2 (Rf a 0.2$) and band 3 (Rf - 0.3$) on the EBW developed 
paper, were identical with syringaldehyde, p-hydroxybenzaldehyde 

and vanillin respectively. The spectra of these aldehydes are 

shown in Figures 2-7 inclusive.

2. Aldehydes obtained from the hydrolysate of the extractives

The hydrolysate of the extractives having pH = $ 

obtained from H I  D was subjected to paper chromatographic" 

analysis. The sample was spotted on several sheets of paper



and developed with different solvent systems. The method of 

detection# separation and identification of aldehydes from 

this sample were similar to that from the lignin degradation 

solution.

The band 1 (Rf * 0.1$) on the EBW developed paper was 

not pure. It was re-chromatographed with acetic acid. The 

band (Rf ” 0.6?) on the acetic acid paper was then eluted, 

and determined spectrophotometrically» This band was found to 

be identical with syringaldehyde. The band 2 (Rf * 0.2$) and
f

band 3 (Rf = 0.3$) on the FEW paper were found to be identical 

with p-hydroxybenzaldehyde and vanillin respectively. The Rf 

values of these aldehydes are listed in Table 7* The spectra 

are shown in Figures 8-13 inclusive.

G. QUANTITATIVE DETERMINATION OF VANILLIN, SYRINGALDEHYDE AND 

p-HYDROXYBENZAIDEHYDE

A standard spectral curve, using pure sample, was required 

for quantitative determination of each of the aldehydes. The 

standard spectral curve was prepared in the following way: The

pure aldehyde (0.8 mg.) was dissolved in 10 ml. of ethanol. A 

O.U ml. aliquot of this solution was streaked along the base line 

of the paper. A test spot was placed at the end of the streak.

The paper was dried and developed with EBW. After developing, the 

band containing the pure aldehyde was cut out and eluted with 70$ 

ethanol. The spectrum of the eluted sample was determined. Two 

drops of 0.2$ alcoholic potassium hydroxide were added to the 

solution and the spectrum of the basic solution was determined.

The spectrum of the basic solution was used as the standard.



By comparison of the optical density of the unknown sample 

with that of the standard solution at appropriate wave length, the 

concentration of aldehyde obtained from the lignin and the ex

tractives were determined.



17. SUMMARY

1. The chemical composition of the rib of the Saguaro is similar 

to that of a number of hardwoods.

2. The callus tissue differs significantly from the rib tissue in

the following respects: (a) The extractives content of the

callus tissue is greater than that of the rib. (b) The lignin 

content of the callus tissue is approximately $0% greater than 

that of the rib, whereas the holocellulose content is consider

ably lower.

3. Vanillin, syringaldehyde and p-hydroxybenzaldehyde are the 

constituents of the lignin degradation products of the callus 

tissue and the rib. The ratio of these aldehydes in the lignin 

of the callus tissue is about the same as that in the lignin of 

the lib.

It. Vanillin, syringaldehyde and p-hydroxybenzaldehyde are also the 

constituents of the hydrolysates of the extractives of the callus 

tissue and the rib. The concentrations of these aldehydes in 

the extractives are less than that in the lignin. The signifi

cance of the presence of these unusual compounds in the woody 

tissues is discussed.
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Table la

Proximate Analysis of the Saguaro tissues

Tissue Extractives'D------------

Pet.
ether

Ethyl
ether

Ben
zene

Eton Cold
H2°

Hot
h 2o NaOH

Steam
volatile

lignin Holo-
cellulose

^ of Holocellulose 
I Alpha Beta uamma

Rib 0.16 0.11 o .qS 2.85 3.11 1.6811.7 0.08 21.90 68.56 ‘ U9.53 lit.36 36.31:

Callus 3.16 2.20 1.02 U.2U 2.92 1.U613.5 0.08 30.U0 53.30
;[ 52.95 15.00 32.00

Table 2°'

Proximate Analysis of some typical woods

Ethyl
ether

Benzene & 
EtOH

Cold
h 2o

Hot
h 2o

1%
NaOH

lignin Holo
cellulose i ceSulose

Hard 0.5- H CO 1 • 0 1.5- Hi- 19 71 - 78 \ 62-73
woods 2.0 7.0 21
Conifers o.U- l.h — 8*0 0.1|r- 9- 25 - 9 60-71; 66-755.6 5.0 15
Conifer hr 1- 5- 20- 27 -55
bark 3k 33 ai Wi i

a. All results in % of oven-dry (105°G) unextracted samples.

b. Successive extractions with petroleum ether, ether, benzene, ethanol, 
cold H20, hot H20 and 1^ NaOH.

c'o These values represent a range from min-imum to maximum percentages of ten 
species (see ref. 19).
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Table 3

Analysis of the Lignin Degradation Products of the Saguaro

Tissue lignin3-
Aldehydes in lignin

Ratio 
I: 17 : Y

% nf* T.-i prvi n
Vanillin

(I)
Syringaldehyde

(17)
p-Hydroxy- 
benzaldehyde (V)

Rib

Callus

21.90

30.UO

0.66

1.20

0.30

0 .5 0

0.20

o.Uo
l:0.Wi:0.30

1:0.13:0.33

Table U

Analysis of the Hydrolysate of the Extractives from the Saguaro

Tissue Extrac-
tives^

Aldehyde in Extractives ....

Ratio 
1: 17 :7.

% of Extractivesf
e

Ig
h p-Hydroxy- 

benzaldehyde (V)
Rib

Callus

2.80

10.50

0.13

0.07

0 .0 5

0.02

0.03

0.01

1:0.38:0.23

1:0.29:0.1k

d. Extraction with ethanol-benzene (1/2 v/v), results in $ of 
oven-dry (103°C) unextracted wood samples»
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Table 5

Solvent Systems used in the Preliminaiy Investigation

Solvent Time of
Development6
hr.

1* t—Amyl alcohol saturated with IN sodium carbonate* 18

2* Acetic acid h

3* Petroleum ether (100-12.0oC) : n-Butyl ether : Water 
(6/1/1, v/v) k

U* Butanol : Acetic acid : Water (8/5/2, v/v) lit
5* Butanol saturated with 2% aq. ammonia 16

6* Benzene : Methyl ethyl ketone : 2% Formic acid 
(9/1/1, v/v) U

7* Ethyl Acetate : Acetic acid : Water (50/2/l|8) 30

e* The room temperature was 28-33°C.
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Table 6

Spray Reagents used in the Preliminary Investigation 

!• Saturated aq. hydrazine sulfate : 2$% HC1 (p/l, v/v)* 

2« Diazotized sulfanilic acid*

3* Para anisidine trichloro acetate*

U* 1% Alcoholic ferric chloride*

5* p-Dimethylaminobenzaldehyde •

6, 2% Hiosphomolybdid acid*
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Table 7

Identification of aldehydes from the lignin degradation products 
and the hydrolysate of the extractives of the Saguaro

Solvent Compound Rf Color^
Hydrazine UV light .

FEW Sample^ 0.15 Y I*
0.25 Y G*
0.35 Y Y*

Syringaldehyde 0 .15 Y Y*
p-OH benzaldehyde 0.25 Y G->
Vanillin 0.35 Y Y*

5% acetic acid Sample 0.69 Y Y*
0.7k Y Y*
0.77 Y G*

Syringaldehyde 0.69 Y Y*
Vanillin 0.7b Y Y*
p-OH benzaldehyde 0.77 Y G*

t-Amyl Sample 0.31 Palcohol 0.35 P
sat. with o.U5 — PIN Na2C03 Syringaldehyde 0 .3 1 — P

Vanillin 0 .3 5 — P
p-OH benzaldehyde o.U5 - P

g* Sample uras obtained from lignin degradation products and hydroly
sate of extractives of the Saguaro rib and callus tissue.

H. Y-yellow, G-green, P-purple
* shows the Color observed by spraying with hydrazine reagent, 
and then scanned under W  light*



VI. FIGURES

Figure 1. Cross section of the Saguaro.

Figures 2 - 1 3  inclusive. Spectra of the aldehydes.

Legend for all spectra:

_______ ___ pure compound

........ . sample obtained from the rib of the Saguaro

--------- - sample obtained from the callus of the Saguaro

3U
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Epidermis

Cortex (pulp)

Rib (secondary xylem) 

Pith

Fig* 1* Cross section of the Saguaro
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FIGURES 2, 3

SPECTRA OF SIRHGAIDEHYDE AND 

BAND 1 OF LIGNIN DEGRADATION PRODUCTS

Figure 2.

Solvent: EtCH

Amax
Syringaldehyde 30ti jn/<

Band 1 308

Figure 3 .

Solvent: KOH-EtOH

Xniax
Syringaldehyde 368 ITlyU

Band 1 368
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2.0

1.5

Wavelength in np
Figure 2. SPECTRA OF SYRINGALDEHYDE AMD BAUD I OF THE 

LIGNIN DEGRADATION PRODUCTS
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Wavelength in mp

Figure 3* SPECTRA OF SYRDIGAIDEHYDE AND BAND 1 OF THE LIGNUI
DEGRADATION PRODUCTS IN KOH - EtOH



FIGURES It, 5
SPECTRA OF p-HYDROHBENZAIDEHYDE AND 

BAND 2 OF LIGNIN DEGRADATION PRODUCTS

Figure It*

Figure 5*

Solvent EtOH

p-Hydroxybenzaldehyde 
Band 2

Xmax 

285 m/t 

285

Solvent KOH-EtOH

Xmax
p-Bydroxybenzaldehyde 335 myu

Band 2 335



ho

Wavelength In nji

Figure h. SPECTRA OF .p-HYDROXYDENZALDEHYDE AUD BAUD 2OF THE DEGRADATION PRODUCTS



ia

Wavelength in nji

Figure SPECTRA OF p-HYDR0XYBEM2AIDEHYDE AMD BAND 2
OF THE LIGNIN DEGRADATION PRODUCTS IN KOH - EtOH
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FIGURES 6, 7 

SPECTRA OF VANILLIN AND 

BAND 3 OF LIGNIN DEGRADATION PRODUCTS

Figure 6.

Solvent EtOH

Vanillin 

Band 3

A max
280, 310 m/t 
280, 310

Figure ?•

Solvent KOH-EtOH

Vanillin 

Band 3

A  max 

35>2 myU 
3^2
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\ t * > » \ i i i f 1 . i , i 1250 300 350 uoo
Wavelength in rap

Figure 6. SPECTRA OF VANILLIN AND BAND 3 OF THE LIGNIN
DEGRADATION PRODUCTS



Wi

Wavelength In mji

Figure 7* SPECTRA OF VANILLIN AND BAND 3 OF THE LIGNIN
DEGRADATION PRODUCTS IN KOH - EtOH



FIGURES 8, 9

SPECTRA OF SIRHGAIDEHYDE AND 

BAND 1 OF HYDROLYSATE OF EXTRACTIVES

Figure 8.

Solvent EtOH

Syringaldehyde 
Band 1

Figure 9.

Solvent KOH-EtOH

Syringaldehyde 

Band 1

Amaz 

308 myu 
308

A max 
368 IttyU 

368



U6

Wavelength in np.

Figure 8. SPECTRA OF STRBiGAIDEHYDE A2ID BAUD 1 OF THE
HYDROLYSATE OF THE EXTRACTIVES



U7

Wavelength in xnp.
FIGURE 9« SPECTRA OF SYRI1IGAIDEHYDE AMD BAND 1 OF THE

HYDROLYSATE OF THE EXTRACTIVES IN KOH - EtOH
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FIGURES 10, 11

SPECTRA OF p-HYDROXYBENZAIDEHYDE AND 

BAND 2 OF THE HYDROLYSATE OF EXTRACTIVES

Figure 10.

Solvent EtOH

p-Hytiroxybenzaldehyde 

Band 2
Figure 11.

Solvent KOH-EtOH

p-Hydroxybenzaldehyde 

Band 2

A  max 

285 mjd 
285

A  max

335 Jiyu 
335
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Wavelength In mp

Figure 10. SPECTRA OF p-HYDROXYBENZALDEHYDE AND BAND 2
OF THE HYDROLYSATE OF THE EXTRACTIVES



Wavelength in ngi

Figure 11. SPECTRA OF p-HIDROXYBENZAIDEHYDE AID BAUD 2 OF
THE HYDROLYSATE OF THE EXTRACTIVES HI KOH - EtOH
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FIGURES 12, 13 

SPECTRA OF VANILLIN AND 

BAND 3 OF THE HYDROLYSATE OF EXTRACTIVES

Figure 12.

Solvent EtOH

Vanillin

Xmax

280, 310 myu

Band 3 280, 310

Figure 13«
Solvent KOH-EtOH

Xmax

Vanillin 352 m/A

Band 3 352
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Wavelength in mji

Figure 12. SPECTRA. OF VANILLIN AID BAND 3 OF THE
HYDROLYSATE OF THE EXTRACTIVES

i
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2.0

Wavelength in nji

Figure 13. SPECTRA OF VA1IILLE! AND BAUD 3 OF THE
HYDROLYSATE OF THE EXTRACTIVES IN KOH - EtOH
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