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Occurrence of Sorbitol (D-glucitol) and
Related Carbohydrates in Malus Frults

The seasonal varlation of sorbitol and its related
carbohydrates 1ln Malus frults were studied both in flield
and in storage during two years, Data obtained by chromato-
graphic analyses revealed that the initially high sorbitol
concentration, which was followed by a gradual decline during
the active growing period, was coupled with a subsequent rise
at the ripening stage. Its progressive accumulation in stored
fruits, compared to the fluctuating content of reducing sugars,
suggests both an intermediate and a storage role for sorbitol.
Its day and night variations were closely related to the season.

Fructose was the most prominent carbohydrate in fruits,
while glucose was generally in excess of sorbitol, Starch
fluctuated in a bell-shaped curve in growing season, and dis-
appeared during early storage, whereas sucrose and raffinose
occurred in limited quantities throughout.

Similar carbohydrate patterns were found in skin tissues,
suggesting that the same carbohydrate metabolic reactions oc-
curred both in pulp and skin, while the latter was also pre-
liminarily observed capable of supplying a limited quantity
of photosynthate for frult growth.
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GENEBRAL INTRODUCTION

Sorbitol (D-glucitol), the water-soluble alcohol of
D-glucose, 1s the most wide~-spread of all naturally occurring
polyols. It is found naturally in plants, ranging from algae
to the higher orders, and is prevalent in fruits. This sugar
alcohol was flrst discovered in the fresh julce of the berries
of the mountain ash, Soibus aucuparia L. by Boussingault in
1872 (Hudson, 1945; Barker, 1955; Steuart, 1955; Lohmar, 1957),
but its significance in plants was only extensively studied 40
years after the ploneer work begun by Vincent and Delachanal in
1889, who obtained needles of indefinite composition of sorbitol
from many fruits of the family Rosaceae. Sorbitol was also found
by other researchers to be present in almost all the members of
this family (Reif, 1934; Strain, 1937; Donen, 1939; Ash and
Reynolds, 1955a; and Sakai, 1961, 1966)., Its distribution,
presence or absence ln various genera of this family is in
complete accordance with its taxonomy (Plouvier, 1955, 1963),

The concentration of sorbitol in plants varies with dif-
ferent species. Donen (1939) found 2.8% of sorbitol in the
total sugar present inKelsey plums, while Nitsch (1953) found
1% fresh weight of sorbitol in young jacquin fruits, and 4,5%



in mature fruits. Eaton (1949) found a sorbitol concentration
of 0.5% fresh weight in one-year-old apple shoots in the spring,

while in the red seaweed Bostrychia acorpoides, Haas and Hill

(1932) found its content to be 13.1%. Rees and Reynolds (1958),
in a study of Viectoria plums, found sorbitol content up to 5%
of its dry weight, whereas Stoll (1968) found it to be as high
as 25% of the dry matter in pears compared to only 4% in apple.

The metabolic role of sorbitol has long been established
in mammalian systems, while only a few studies of this kind have
been done in plants, Nevertheless, these few investigations
have also cast some light and given us an insight into the
physiological role of thls sugar alcohol in plant tissues. Thus,
Martin (1937) and Donen (1939) demonstrated that sorbitol served
as a storage form for the hexose sugars during fruit growth when
the latter had reached a maximum, while in storage 1t was firstly
utilized as a carbon source for fruit respiration, and conse-
quently disappeared to a minimum (Nitsch, 1953). In the study
of the occurrence of sorbitol in Halus, Whetter and Taper (1963,
1966) suggested that sorbitol is a reserve carbohydrate in leaf
buds, leaves, seeds and germinating seedlings. This role was
ascertained by the subsequent study of Taper and Liu (1969)
in apple leaves during growth and in fruits in storage.

The successive isotopic studies performed separately on
leaves, fruits and phloem of apple and plumti by Hutchinson (1958),
Hutchinson et al. (1959), Anderson et al. (1959, 1961, 1962),
Webb and Burley (1962), Williams et 2l. (1967) and Bieleski



(1969) show that sorbitol plays a central role in the metabolism
of Rosaceae family, The facts that sorbitol is the most abun=-
dant photosynthate in leaves, that it serves as an lndex for

the reducing sugars and thelr interconversion with each other,
and that it is probably the major carbohydrate translocate have
been recognized by the preceding researchers.

In the course of studles on the metabollism of sorbitol
in plants, certain sugars especlally fructose, glucose, sucrose,
raffinose and a number of ollgosaccharides, have always been
found linked with this sugar alcohol (Nuccorini, 1932; Martin,
1937; Whetter and Taper, 1963, 1966; Williams, 1966; Stoll,

1968 and Bieleskl, 1969). This is not only because of their
close simlilarity in structure and properties, but also their
ready interconvertibility with éach other. The interconvert-
ibility of sorbitol and fructose has been well demonstrated by
Kidd et al. (1940) and Touster and Shaw (1962), and that of
sorbitol and glucose by Hutchinson (1958), Anderson et al,
(1962) and Whetter and Taper (1963). Therefore, the study of
sorbitol is found inseparable from that of its related sugars.,

The present study was desligned to investigate the seasonal
occurrence and variation in content of sorbitol in Malus frults
and its relation to sugars and starch., Samples were taken both
day and night, and from the fleld and storage. The results of
experiments conducted over a period of two years, during growth
and maturation, were examined and compared. Different groups of

trees and a large number of samples taken at close intervals
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were used to demonstrate the seasonal variations. Attempts were
also made to determine the carbohydrate pattern in the skin of
the fruit, for samples both on trees and in storage. A pre-
liminary study on the photosynthetlc capacity of the skin in
relation to the fruit growth was attempted without much elabora-
tion., The analytical methods used were chosen wlth the main ob-
Jective of achieving maximum specificity, accuracy, precision
and sensitivity (Anastassladis and Common, 1968), while at the
same time rapidity, economy and convenience were not sacrificed.
Paper chromatography was employed to separate sorbitol and re-

lated sugars. Perlodate oxidation with chromotropic acid was

used for quantitative determination of sorbitol, whlle the phenol-

sulfuric aclid method was used to determine the contents of other

sugars, and the perchloric acid-lodine method for starch estima-

tion.



REVIEW OF LITERATURE

Structure of Sorbitol

Sorbitol, sometimes referred to as D=glucitol, D=~

sorbitol, or sorbite, has a chemical structure of a long

chain of slix carbon atoms. It resembles glucose except for

an alcohol group that replaces the aldehyde group of glucose

on Carboii 1, thus sorbitol is also

called the alcohol of

glucose.
CH,OH C-1 ?HO
H-?-OH H-?-OH
HO-?-H HO-C-H
H-C=-OH H-C~OH
| I
H-C-OH H-C-0H
I
CH0H CH,OH
Sorbitol D-glucose
(D=glucitol)

Like other stereoisomeric hexitols, D-glucitol 1s named

by adding the suffix *'-itol' to the root of the name of the

parent aldose, glucose in thls case, and sorbitol is usually



used as 1lts common name. Sorbitol 1s a member of the family of

polyols. This family of polyols, whose name ls synonymous with
the customary term polyhydric or polyhydroxy alcohols, is di-
vided into two classes, the acyclic and alicyclic polyols, and
sorbitol is in the first group, belonging to the division of
alditols (or glycitols or sugar alcohols)., The family tree of
polyols can be shown clearly in the following (Pigman, 1957;

Lohmar, 1957):

" Tetritols
- Pentitols
Sorbitol
‘Mannitol
- Acyclic —— Alditols [ Hexitols | D-Iditol
polyols (glycitols Talitol
or sugar Dulcitol
alcohols)
- Heptitols
Polyols - - Ocitols
(polyhydric or - Nonitols
polyhydroxy =~ Decitols
alcohols)
LAlicyclic-—— myo-inositols

polyols cis-inositols, etc.
(or cyclitols)

Since sorbitol is a compouhd of six carbons and 1its
optically asymmetric end carbons have the same configuration,
its allocation to the D= or L-series is faced with ambiguity
in Fischer's classification, a classification which is followed
essentially today in naming the enantiomorphous compounds.
Fischer's method to allocate the D- or L-serlies of these com-

pounds 1s made on the basis of the configuration of the bottom-



most asymmetric carbon atom, usually the penultimate carbon.
Substances belong to the D-series have the hydroxyl group OH

at the right, whereas it is on the left in the case of L-series
compounds., The reference group like aldehyde CHO, Carboxyl
COOH or Ketone CO is referred to the top. Optically like-end
compounds of slx or more carbon atoms wherein the end asymmetric
carbons have the same configuration usually face thls problem,
since either of the penultimate (as in the case of sorbitol)
carbon atoms can be used for the D, L-nomenclature, Among such
compounds wlth six carbon atoms, only the configuration of
sorbitol encounters this problem, Therefore, sorbitol can be
called D-glucitol or L-gulitol because of thelr closely related
structures except the different allocation of the hydroxyl
groups at carbons 2 and 5. The structures of these two compounds

are shown as in the following:

CHoOH memmcccccccccae Cel memmmcccmccane— CHoOH
H-é-OH HO-C-HH
HO-é-H HO-é-H
H-é-OH H-é-OH.
H=C=0H HO-C-H

éHZOH éHZOH
D-gluci?ol p-gulltol

1
Sorbitol



These like-end compounds of the type of sorbitol are
called amphi by Rosanoff (1906), since they are related to two
optically similar compounds, In naming these compounds, the
most important of the two sugars, usually also the parent sugar,
from which this compound is first derived, is chosen for the
name and the D, L-assignment., Since sorbitol was first derived
from D-glucose by reduction in 1890 (Hudson, 1945) and D-glucose
is its parent aldose in the cyanohydrin synthesis (Pigman, 19573
Lohmar, 1957), therefore, in this case of sorbitol, the choice
1s D-glucitol rather than L-gulitol.

This choice is also supported'by historical facts as
seen from an excerpt from the article by Hudson (1945):

Sorbitol is one of the few polyhydroxy alcohols which,
like perseitol, can be designated either D- or L-, depending
upon the arbltrary selection of one of the two aldoses from
‘which it can be derived by reduction. Historlecally, the
reduction of D-glucose to yield natural sorbitol is older
than its synthesls by the reduction of L-gulose, and it
seens advisable to the writer to use the historical order
as the criterion in such cases, thus naming the natural
hexitol D-sorbitol, which is in fact the generally accepted
designation, flrst used by Flscher,

The doubts raised by Touster and Shaw (1962) and Liu

(1967), who both quoted Lohmar (1957) as saying that if sorbitol
was represented by the form D-sorbitol, as did by Hudson (1945)
and others, was incorrect. Although they did not elaborate
further nor provide evidence to support their arguments, the
present thesls writer finds it necessary to elucldate this point

more completely. As described above, the term sorbitol is only

a trivial name, like levulose for D-fructose and dextrose for



D-glucose, which 1s based on a major natural source from which
it is formed (Hudson, 1945), and is given to a compound long
before its configuration 1s known and chosen. For the sake of
simplicity, usage has established the name sorbitol for D-
glucitol, like dulcitol for D-galactitol. Yet, thls kind of
common name could be used more properly without a D- or L-prefix
as the name of the naturally occurring isomer (Wolfrom, Lew,
Hales, and Goepp, 1945 and ‘Pigman, 1957) despite the fact that
many researchers have for long accustomed to using D=sorbitol
as a convention name for D-glucitol (Bertrand, 1905; Tutin,
1925; Carr and Krantz, 1945; Hudson, 1945; Gordon et al., 1956;
Adcock and Gray, 1957; Jones and Wall, 1960; Plouvier, 1963 and
Grasshof, 1964),

Since the establishment of common names such as sorbitol
is based on a major natural source from which this compound is
derived, the similarity of these two names sorbitol and sorbose,
which have both been named from the nafural plant species Sorbus
aucuparia L., has also given rise to the argument that natural
sorbitol should be in the L-series because this L-glucitol is
known to be one of the reduction producté from L-sorbose
(Lohmar, 1957) and the latter is in the L-series. However, the
historical facts do not support this view. The first reduction
of a sugar to natural sorbitol was from D-glucose by lieunier in
1890 (Hudson, 1945), Sorbose was discovered in the fermented

and bacterially oxidized Jjuice of the berries of the mountain

ash, Sorbus aucuparia L. in 1852 by Pelouze (Lohmar, 1957),
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whereas sorbitol was discovered in the fresh julce of the same
species by Boussingault in 1872 (Barker, 1955; Steuart, 1955).
Although both substances were named from the same specles, no

- chemical relationship between them is involved, Sorbitol was

Inot named from sorbose, nor sorbose from sorbitol, If sorbitol
should be in the L-form, i.,e., L-glucitol, it would not have been
from L-sorbose as suggested but from D-sorbose (Lobry de Bruyn
and Alberda van Ekenstein, 1900, cited by Lohmar, 1957)., Wolfrom
et al. (1946) had also confirmed that L-glucitol was formed only
by reduction of L-glucose or D-gulose but not from D-glucose

or L-gulose. On the contrary, D-glucitol (sorbitol) is derived
from the latter two compounds. Moreover, reporting collectively
the properties and syntheses of sorbitol and L-glucitol, Lohmar
(1957) pointed out that L-glucitol was not found in nature

but it was only a synthetic substance from the reduction of D-
gulose by sodium amalgam aﬁd by catalytic high pressure hydro-
genation (Wolfrom et al., 1946), or it could also be synthesized
by means of sodium amalgam (Lobry de Bruyn and Alberde van

Ekenstein, 1900, cited by Lohmar, 1957).
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Metabolism of Sorbitol and Related Sugars in Animals

Of all the polyhydric alcohols, sorbitol is the only
one which has been extensively studled in mammalian systems.
The investigation of this substance in animal tissues was
initlated and stimulated by the work of Embden and Griesbach
(1914) in thelr study of the metabolism of sorbitol in the liver
of fasted or phloridzinized dogs. They found that a perfusion
of this polyol in the liver tissues resulted ln the formation of
a mixture of fructose and glucose, and they suggested that
glucose was not the primary product of this perfusion but it
was subsequently transformed from fructose. Thls presumption
was supported by the works of Anschel (1930) and Seeberg,
McQuarrie and Secor (1955)., By administering sorbitol to an
individual with fructosuria, Anschel observed that there was a
large increase in the excretion of fructose in the blood.
Similarly, Seeberg and his co-workers found a prompt rise in
blood reducing sugar when sorbitol was injected into dogs and
rabbits. This reducing sugar was found to be D-fructose, When
the amount of sorbitol in the blood was observed to be only
moderate, it was presumed that this ketose was formed directly
from this sugar alcohol. These findlngs, together with the
close structural relationship between sorbitol and fructose,
may well have explained the ready interconvertibility of then
and that sorbitol 1s a normal metabolic intermediate reading

utilized in animal tissues,
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Williams-Ashman and Banks (1954), in their study of the
relationship of sorbitol and fructose, found that in the various
components of the reproductive organs of rats an enzyme was
extracted and 1ts function was found to be simllar to "sorbitol
dehydroglucose", an enzyme responsible for the interconversion
of fructose and sorbitol. They suggested that this enzyme might
be involved in the formation of D-fructose, the characteristic
sugar of seminal plasma, and the mechanlsm of this sorbitol-
fructose conversion was probably operated in these reproductive
tissues, Earlier, Mann (1946, 1949) had proposed that, in sheep,
this seminal fructose was formed through the successive con-
version of glucose, glucose-6-phosphate and fructose-6-phosphate,
With the last phosphate finally hydrolyzed by a phosphatase to
fructose, This relates glucose to these complicated transforma-
tions and also places thlis hexose in 1ts relationship to sorbitol.
This relationship was later elaborated by Hers (1956 and 1960)
in his alternate mechanism for the formation of fructose from
glucose that glucdse was flrst reduced to sorbitol in the pre-
sence of TPNH, followed by dehydrogenation of thlis polyol to
form fructose., These two pathways as suggested by Mann and Heprs
are compared and summarized in the following:

Mann (1946 and 1949)
D-glucose=~6-phosphate —pD-fructose~6-phosphate
D=-glucose , ;§¥ructose
PNH ~DPN
Sorbitol
Hers (1956, 1960)
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The pathway suggested by Mann (1946 and 1949) from D-
glucose to D-fructose 1s indeed the reversion of the same path-
way found by Blakley (1951) in liver slices of fasted rats, at
the time when he studied the metabolism aﬁd antiketogenic effect
of sorbitol in these tissues. He found that the D-glucose
largely transformed from sorbitol was through the intermediates
of fructose, This work further links these three carbohydrates
together aﬁd demonstrates thelr close relationship with each

other in the metabollic tissuess
sorbitols=2D-fructose——pD-fructose=-6-ps==D-glucose-6-p—sD-glucose

Further, Blakley demonstrated that the above transforma-
tion of sorbitol to glucose was blocked if sorbitol dehydro-
genose and coenzyme 1 were involved. Sorbitol was then directly
oxidized to L~sorbose and D-fructose in this DPN-linked reaction
without the deposlition of D-glucose:

DPN

sorbitol dehydrogenase
sorbitol &

- D-~fructose and L-sorbose
Co 1

This finding 1s essentially a reflection of part of
Hers' alternate pathway for D-glucose and the initiation of the
study of Seeberg gt al. (1955) described above.

In his continued search for a better solution for the
glucose-sorbitol-fructose pathway and relationship, Hers (1956

and 1960) stated that he found a large quantity of fructose in
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the foetal blood of sheep and a glucose-reducing enzyme, aldose
reductose was found present in the placenta of the same animal,
This enzyme was not detected in other tissues except those 1in-
volving in the production of seminal fructose, Sorbitol, at

the same time, was also identified in both the foetal blood and
seminal vesicles. These observations prompted Hers (1960) to
suggest a following mechanism of fructose formation: the first
step of this whole pathway being a reaction involving the reduc-
tion of glucose to sorbitol by aldose reductase and subsequent
oxidation of this product to fructose by ketose reductase, Tri-
phosphopyridine nucleotide (TPN) was involved in the first re-
action while diphosphopyridine nucleotide (DPN) was used in the
second aerobic glycolytic-breakdown oxidation. The first reaction
occurred in the placenta while the second one took place in the
foetal liver. The sequence of reactions was concluded by Hers

as in the following:

1
(Reduction in Glucose + TPNH + Hﬁ_——_Sorbitol + TPN+ l-aldose

placenta) reductase

(Oxidation in Sorbitol + DPNT 2 Fructose + DPNH + HY 2-ketose

foetal liver) reductase
Sum: Glucose + TPNH + DPN'=—=rFructose + TPN'T + DPNH

The same pathway was explained by Sherman and Stewart (1966) and
Gabbay et al., (1966) in mammalian nerve,

A similar fate of these three carbohydrates including
their utilization was explained by Adcock and Gray (1957). In

14

their investigation of the metabolism of (U-""C) sorbitol and

related sugars in human subjects, they found that more than 70%
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of orally administered labelled sorbitol were metabollized to car-
bon dioxide by normal and diabetic human subjects and that part
of this sorbitol was converted into glucOse. The fructose con-
tent in the blood was found not exceeding 2 mg./100 ml. and a
conclusion was thus arrived at that the radloactivity of the blood
sugar was mostly, if not entirely, due to glucose. Oral sorbitol
_ therefore was probably converted in the liver into fructose, a
proportion of which is converted into glucose, which might partly
be stored temporarily as glycogen and finally released into the
blood stream as glucose. That part of fructose not converted in-
to glucose may be directly metabolized by the glycolytic pathway
via fructose-6-phosphate. The mechanism for this pathway 1is
similar to that of Blakley (1951) described above.

Initiated by the work of Cori and Shine (1936) who
studied the formation of glucose from hexoses and trioses in
the liver of the rat, Xreb and Lund (1966) worked further to
compare the rates of this glucose formation from various pre-
cursors in kidney cortex of the same animal, and found that the
rates of fbrmation from hexoses, pentoses, volyols and related
compounds were of the same order of magnitude as those in liver,
an organ that converted various carbohydrates into glucose (Cori
and Shine, 1935, 1936). Fructose was found to be the most active
compound in forming glucose among these compounds tested. Next in
effectiveness were D-glyceraldehyde and dihydroxyacetone.
Sorbitol, along with D-galactose, D-sorbose and others gave low
rate of glucose formation. They noted that the substrate con-

centration had an important effect on this formation wherein the
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rate of formation of glucose from sorbitol and other polyols
increased markedly when thelr concentration rose above 10 mM,
The rates of various precursors for glucose transformation in
sheep kidney were essentially the same as in rat kidney except
fructose, dihydroxyacetone and glyceraldehyde which reacted

rapidly in rat kidney to form glucose.

Metabolism of Sorbitol and Related Sugars in Plants

Occurrence and distribution

Since its flrst dliscovery from natural source by
Boussingault in 1872 and the later confirmation by the works of
Vincent and Delachanal (1889) and Bertrand (1905), sorbitol has
been successively identified and isolated out in apple, members
of the Rosaceae family and other plants or micro-organisms for
the past 65 years. In the family Rosaceae, sorbitol was found

in the genera Pyrus, Sorbus, Photinia, Crataegus, Pyracanta and

Cotoneaster and the richest sources are the Sorbus and Crataegus

(Lohmar and Goepp, 1949). In apple, Malus pumila, sorbitol has
been identified in various parts, ranging from vegetative parts
to reproductive organs: 1in leaves (Strain, 1937; Bradfield and
Flood, 1949; Hutchinson et al., 1959; Sakai, 1961; Webb and
Burley, 1962; Whetter and Taper, 1963; Lee, 1965; Williams,
1966; Williams et al., 1967; Bieleski, 1969; Taper and Liu,



17

1969), in buds (Whetter and Taper, 1963), in shoots (Eaton,
1949), in dormant shoots (Bradfield and Flood, 1950; Sakai,
1966), in phloem, twig bark (Webb and Burley, 1962; Sakai,
1966; Bieleski, 1969), in germinating seeds and seedlings
(Whetter and Taper, 1966), in sieve-tube exudate (Zimmermamny
1961; Webb and Burley, 1962), in fruits (Tutin, 1925; Nuccorini,
1932; Reif, 1934; Strain, 1937; Simada, 1939; Ash and Reynolds,
1955a; Hutchinson, 1958; Hulme, 1958; Williams, 1966; Williams
et al., 1967; Stoll, 1967a, 1967b, 1968; Buchloh and Neubeller,
1969; Taper and Liu, 1969), in fruit cortex (Gorrod, 1961), in
fruit spur (Williams et al., 1967), in flowers (Strain, 1937).

In commercial apple products, sorbltol was detected in
cider (Tutin, 1925; Strain, 1937; Steuwart, 1955; Hinsker, 1962);
juilce (Steuart, 1955; Tanner and Duperrex, 1968), apple wine
(Hennig and Flintje, 1955), and candies, jellies and jams
(Genest and Chapman, 1962),

The characteristics ahd contents of sorbitol have also
been extensively studied in other members of Rosaceae family:
in peach bark (Sakai, 1961, 1966; Rohrbach and Leupschen, 1968a;
Buchloh and Neubeller, 1969), pear fruit (lMuttelet, 1930; Reif,
1934; Martin, 1937; Strain, 1937; Kidd et al., 1940; Ash and
Reynolds, 1955a.and 1955b; Stoll, 1967a, 1967b, 1968; Buchloh
and Neubeller, 1969), plum fruit (Donen, 1939: Donen and Roux,
1939; Rees and Reynolds, 1958; Ruchloh and Neubeller, 1969),

peach fruit (Buchloh and Weubeller, 1969), cherry fruit (HJaeseler
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and Misselhorn (1966), sloe (Lewis, 1963), quince, greengage,
apricot (Vincent and Delachanal, 1889; Muttelet, 1930; Reif,
1934; Donen, 1939; Ash and Reynolds, 1955a, 1955b), fruits and
leaves of medlar (Stanimiroviec et al., 1963a, 1963b, 1964),
twig bark of 19 species of fruit trees (Sakai, 1961, 1966),
mountain ash (Boussingault, 1872; Vincent and Delachanal, 1889;

Bertrand, 1905; Strain, 1937), sorbus commixta, Hudlund,

(Asahina and Shimoda, 1930).

In other plants, ranging from lower plants to higher
orders, sorbitol has been found in red yeast (Deinema and
Landheer, 1960), young embryo of fern (DeMaggio and Wetmore,
1961), osmophilic yeast (Spencer and Sallans, 1956; Spencer and
Shu, 1957), fungi (Vining and Taber, 1964; Wright and Le
Tourneau, 1964), red algae (Haas and Hill, 1932, 1933), coco-
nut meat (Hause et al., 1962), coconut milk (Pollard et al.,
1961), raisin, currant and sultana (Reif, 1934), wheat stalk
(Reisener et al., 1962; Bradfield and Flood, 1950; Reif, 1934),
oak (Lippmann, 1927), leaves of copper beech (Olsen, 1948),
squash fruit (Adcock, 1957), petioles of‘commoh plantain
(Galkowski et al., 1966). '

The role of sorbitol in plants in relation to its fluctuation,
utilization and interconversion with its related sugars

When the role and metabolism of sorbitol in mammalian
tissues have been extensively studied since the start of this

century, lts metabolism in plants has received 1little attention.
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Most of the studlies on sorbitol are restricted to its occur-
rence, i1solation, and distribution (Barker, 1955; Bourne, 1958).
However, for the past fifteen years, books on the physlology
and biochemistry of sorbitol in plants had gradually acquired
importance, and many valuable researches and ilnvestigations have
been undertaken and reported, Among the people who have re-
viewed sorbitol in various aspects, Barker (1955) reported elé-
borately the general distributlion of this sugar alcohol in
various genera and speclies of plants. Lohmar (1957), while ex-
amining the origin of this polyol, related sufficiently to its
structure, properties, uses and synthesis, Hulme (1958) review-
éd extensively the role of sorbitol on frults oif various specles
with reference to its varlations under different conditions,
Lewis and Smith (1967a), in their study of sugar alcohols in
fungli and green plants, related the natural occurrence of
sorbitol and other polyols to their metabolism in lower and
higher plants. The methods and techniques for ldentification
and quantitative determinations were also described in detail.

In relating to the role and function of sorbitol in
plant tissues, the work of Treboux (1909) is probably the
earliest reference available to show the metabolism of this
sugar alcohol in plants. After keeplng some leaves from plants
of the family Rosaceae in the dark to deprive them of starch,
Treboux floated these destarched leaves in a solution of sorbitol
and starch was again detected., Steele (1934) reported that this

ability of sorbitol to form starch was speciflc for the family
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Rosaceae, not mannitol nor dulcitol could be utilized to perform
this function. She also stated that the Oleaceae could utilize
mannitol and that Adonis vernalis could utilize ribitol but not
any other. Experiments done by Trip, Nelson and Krotkov, (1965)
further proved that this specificity in that when sorbitol was
introduced into the leaves of white ash, only 1% of the total
radioactivity moved out of the leaves and only 7% was detected
in other compounds. This experiment therefore showed that sor-
bitol, unlike mannitol, which is specific for these species of
white ash and lilac, was hardly translocated at all. These two
findings indlicated clearly the specificity of the metabolic
.systems of various families and their high selectivity for
metabolites and conducting elements. Thlis indeed 1s the original
suggestion of Treboux and would be very useful for plant taxono-
mists in thelr assessing of plant classification, because the
appearance of these polyols are 1ln complete accordance with the
taxonomy of the plants (Plouvier, 1955, 1963).

The close structural relationship of sofbitol, fructose
and glucose has prompted various investigations done on them in
animal tlissues., However, in plants, this relationship has also
been closely studied and extended wlth their respective linkages
to oligosaccharides and polysaccharides., In thelr reviewing of
polyols, Touster and Shaw (1962) stated that plant polyols
originated from sugars by reduction and the reoxidation to
sugars was the first step in theilr metabolism. Therefore,

Nucecorini in 1932 found that sorbltol was transformed to glucose
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and fructose in the detached fruits of sorbus domestica which

were subsequently used for respiration. A similar transforma-
tion was found in Bosc pear of Martin (1937) who suggested that
this conversion accompanied by a preferential oxidation of
glucose in respiration, would lead to an excess of fructose over
glucose in the fruit. In his study of the after~storage ripen-
ing of the same variety of pear, Martin (1937) reported that
sorbitol decreased during the ripening process. Of all three
pickings, the decreases in the non-sugar soluble solids were
accompanied by corresponding decreases in sorbitol content, The
most rapild decreases were found to take place in the first six
to elght days when both sucrose and fructose were observed to rise
with glucose remaining constant. During the next four days,
sorbitol again declined together with sucrose, while fructose
and glucose were found increased in content. Martin suggested
that thls inverse relationship of sucrose and these two reducing
sugars might probably be due to the hydrolysis of the former to
the latter.

In Donen's study (1939) of the changes in the contents
of sorbitol and related sugars during the growth of the Kelsey
plums, the concentration of sorbitol was found to increase
constantly during the period of cell enlargement. Most of the
sorbitol was observed to accumulate during the latter part of
its growth cycle after the stone growth was completed and when
the concentration of reducing sugafs had reached a high amount,

The ripe fruit contained 2.8 gm, of sorbitol per 100 gm, fresh
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welght, or in some instances,as high as 4.5%. These observa-
tions led Donen (1939) to suggest that sorbitol was used as a
form of storage for these two hexoses, i.e., fructose and
glucose when they had reached a maximum concentration. In
his continued work with Roux (Donen and Roux, 1939), they stated
that the loss of respirable materials from stored plums could
be related to the depletion of sorbitol, sugar and acld,
Sorbitol and sugars were both lost inslde storage but the loss
of the latter were dependent upon the initial concentration of
sorbitol. Plums of originally low sorbitol content showed
marked sugar loss only when most of the sérbitgl had disappeared,
On the other hand, when plums were moved from 1°C, to 7.5°C. or
20°C,, a 10-15% increase was obse;ved in the total sugars but
this increase again was dependent upon the sorbitol contenf and
its rate of exhaustion from storage. These findings all seem to
éome to an agreement that sorbitol l1ls an important metgbolite in
the fruits and its metabolism with that of other sugars was
intimately interrelated,

This intigate relation of sorbitol to other sugars as
shown by Martin (1937, Donen (1939) and Donen and Roux (1939)
was further elaborated by the work of Kidd, West, Griffiths and
Pofter (1940), who found a considerable amount of sorbitol in
the Conference pear fruit. During storage at 10°C,, it was
found that much of the sorbitol present was converted to fructose;
this was the original idea of Martin (1937), but this sorbitol=~

fructose conversion was not a direct process as suggested by him



23

but an indirect  oneyas was modified by Donen (1939). Similar
steps had been previously demonstrated in animal systems as
follows:
Sorbltol——pIntermediates-——preducing sugars

This was also the mechanism of conversion of sorbitol
to reducing sugars found by Strain (1937) in his study with
developing pears.

In agreement with the findings of Martin (1937) and
Donen (1939), Nitsch (1953),1in his collective review, stated that
sorbitol was probably the substrate used in respiration during
storage as well as a storage form for the reducing sugars in
frults, like plums and pears. Yet in contrast to the suggestion
of Martin (1937), Nitsch stressed that there was no obvious re-
lation between the concentration of sorbitol as that of sucrose
in the plum and that the changes in concentration of sucrose
paralleled the rate of respiration of the fruits during their
development more closely than those of glucose and fructose,
Hls suggestlon that sucrose and sorbitol were not related
might contrast with the work of Gorrod (1961). This worker
was able to show that when an extract of an acetone powder
preparation trom the frult cortex of Miller's Seedling apples
was treated with sorbitol in the presence of boi