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

The seasonal variation of sorbitol and its related 

carbohydrates in Malus fruits were studied both in field 

and in storage during two years. Data obtained by chromato-

graphic analyses revealed that the initially high sorbitol 

concentration, which was followed by a graduaI 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 dls-

appeared during early storage, whereas sucrose and raffinose 

occurred in limited quantities throughout. 

Similar carbohydrate patterns were found in skin tissues, 

suggesting ~hat 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 fruit growth. 
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GENERAL INTRODUCTION 

Sorbitol (D-glucitol), the water-soluble alcohol of 

D-glucose, is the most wide-spread of aIl 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 first discovered in the fresh juice of the berries 

of the mountain ash, Sorbus 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 pioneer 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 a1so found 

by other researchers to be present in a1most 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 in various genera of this fami1y is in 

complete accordance with its taxonomy (P1ouvier, 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 inKe1's~y plums, whi1e Nitsch (1953) found 

1% fresh weight of sorbitol in young jacquin fruits, and 4.5% 

l 
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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 Victoria 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 ro1e of this sugar alcohol in plant tissues. Thus, 

IIJartin (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, whi1e in storage it was firstly 

uti1ized 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 Malus, Whetter and Taper (1963, 

1966) suggested that sorbitol is a reserve carbohydrate in 1eaf 

buds, 1eaves, seeds and germinating seedlings. This role was 

ascertained by the subsequent study of Taper and Liu (1969) 

in app1e 1eaves during growth and in fruits in storage. 

The successive isotopie studies performed separately on 

leaves, fruits and ph10em of apple and plum by Hutchinson (1958), 

Hutchinson et al. (1959), Anderson et al. (1959, 1961, 1962), 

Webb and Bur1ey (1962), \o1111iams ~ &. (1967) and Bieleski 



(1969) show that sorbltol plays a central role ln the metabollsm 

of Rosaceae famlly. The facts that sorbltol ls the most abun­

dant photosynthate ln leaves, that lt serves as an lndex for 

the reduclng sugars and thelr lnterconverslon wlth each other, 

and that lt ls probably the major carbohydrate translocate ha,ve 

been recognlzed by the precedlng researchers. 

In the course of studles on the metabollsm of sorbltol 

ln plants, certaln sugars especlally fructose~ glucose, sucrose, 

rafflnose and a number of ollgosaccharldes, have always been 

found llnked wlth thls sugar alcohol (Nuccorlnl, 1932; Martln, 

1937; Whetter and Taper, 1963, 1966; Wllilams, 1966; Stoll, 

1968 and Bleleskl, 1969). Thls ls not only because of thelr 

close slmllarlty ln structure and propertles, but also thelr 

ready lnterconvertlblllty with each other. The interconvert­

ibllity of sorbltol and fructose has been weIl demonstrated by 

Kidd ~!l. (1940) and Touster and Shaw (1962), and that of 

sorbitol and glucose by Hutchinson (1958), Anderson ~~. 

(1962) and Whetter and Taper (1963). Therefore, the study of 

sorbitol ls found inseparable from that of lts related sugars. 

The present study was deslgned to lnvestigate the seasonal 

occurrence and variatlon ln content of sorbltol in Malus fruits 

and lts relatlon to sugars and starch. Samples were taken both 

day and nlght, and from the fleld and storage. The results of 

experlments conducted over a period of two years, durlng growth 

and maturatlon, were examined and compared. Different groups of 

trees and a large number of samples taken at close lntervals 
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were used to demonstrate the seasonal varlatlons. Attempts were 

also made ta determlne the carbohydrate pattern ln the skln of 

the frult, for samples both on trees and ln storage. A pre-

11mlnary study on the photosynthetlc capaclty of the skln ln 

relatlon to the fruit growth was attempted without much elabora­

tlon. The analytlcal methods used were chosen wlth the maln ob­

jectlve of achlevlng maxlmum speclflclty, accuracy, preclslon 

and sensltlvlty (Anastassladls and Common, 1968), whl1e at the 

same tlme rapldlty, economy and convenlence were not sacrlflced. 

Paper chromatography was employed to separate sorbltol and re­

lated sugars. Perlodate oxldatlon wlth chromotroplc acld was 

used for quantltatlve determlnatlon of sorbltol, whl1e the phenol­

sulfurlc acld method was used to determlnethe contents of other 

sugars, and the perchlorlc acld-lodine method for starch estlma­

tlon. 



REVIEW OF LITERATURE 

Structure of Sorbitol 

Sorbitol,sometimes referred to as D-glucitol, D­

sorbitol, or sorbite, has a chem1cal structure of a long 

chain of six carbon atoms. It resembles glucose except for 

an alcohol group that replaces the aldehyde group of glucose 

on Carbon l, thus sorbitol i8 also called the alcohol of 

glucose. 

iH20H 

H-C-OH 

------------- C-l -----------:-- CrIC 

, 
HO-C-H 

1 
H-C-OH , 
H-C-OH 

1 
CH20H 

Sorbitol 
(D-glucitol) 

1 
H-C-OH 

1 
HO-C-H 

... :. 1 
H-C-OH 

1 
H-C-OH 

1 
CH20H 

D-glucose 

Like other stereoisomeric hexitols, D-glucitol is named 

by adding the suff1x '-itol' to the root of the name of the 

parent aldose, glucose in this case, and sorbitol 1s usually 

5 
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used as its common name. Sorbitol is a member of the family of 

polyols. This fami1y of polyols, whose name is synonymous with 

the customary term polyhydric or polyhydroxy alcoho1s, is di­

vided into two classes, the acyc1ic and alicyc1ic polyols, and 

sorbitol is in the first group, belonging to the division of 

a1ditols (or glycito1s or sugar a1coho1s). The fami1y tree of 

polyols can be shown c1early in the fo11owing (Pigman, 1957; 

Lohmar, 1957): 

Polyols 
(po1yhydric or 
po1yhydroxy 
a1coho1s) 

Acyc1ic ~ Aldi to1s 
polyols (glycito1s 

or sugar 
a1cohols) 

Tetrito1s 
Pentito1s 

~
sorbitol 
Mannitol 

Hexito1s- D-Idito1 
Ta1itol 
Du1cito1 

Heptito1s 
Ocito1s 
Nonito1s 
Decito1s 

Alicyc1ic -- myo-inosito1s 
polyols cis-inosito1s, etc. 
(or cyclito1s) 

Since sorbitol is a compound of six carbons and its 

optica11y 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 fo11owed 

essentia11y today in naming the enantiomorphous compounds. 

Fischer's method to a1locate the D- or L-series of these com-

pounds is made on the basis of the configuration of the bottom-
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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 six or more carbon atoms wherein the end asymmetric 

carbons have the same configuration usually face this 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 with six carbon atoms, only the configuration of 

sorbitol encounters this problem. Therefore, sorbitol can be 

called D-glucitol or L-gulitol because of their 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: 

,H20h --------------- C-l --------------- iH20H 

H-C-OH HO-C-HH 
1 1 

HO-C-H HO-C-H 
1 1 

H-C-OH H-C-OH. 
1 1 

H-C-OH HQ-C-H 
1 1 
CH20H CH20H 

D-glucitol L-gulitol 
.L-----------------rl----------------~I 

Sorbitol 
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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, 1957, 

Lohmar, 1957), therefore, in this case of sorbitol, the choice 

is 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 arbitrary selection of one of the two aldoses from 
which it can be derived by reduction. Historically, the 
reduction of D-glucose to yield natural sorbitol is older 
than its synthesis by the reduction of L-gulose, and it 
seems advisable to the writer to use the historical order 
as the criterion i~ such cases, thus naming the natural 
hexitol D-sorbitol, which is in fact the generally accepted 
designation, first used by Fischer. 

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 thesis writer finds it necessary to elucidate this point 

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

a trivial name, like levulose for D-fructose and dextrose for 
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D-glucose, which is based on a major natural source ~rom wh1ch 

it is formed (Hudson, 1945), and 1s given to a compound long 

before its configuration is known and chosen. For the sake of 

simplicity, usage has established the name sorbitol ~or D­

glucitol, like dulcitol for D-galactitol. Yet, th1s k1nd 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:P1gman, 1957) desp1te the fact that 

many researchers have for long accustomed to using D-sorb1tol 

as a convention name for D-glucitol (Bertrand, 1905; Tut1n, 

1925; Carr and Krantz, 1945; Hudson, 1945; Gordon ~ 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 1~hich. this compound is 

derived, the similarity of these two names sorbitol and sorbose, 

which have both been named from the natural plant spec1es Sorbus 

aucuparia L., has also given rise to the argument that natural 

sorbitol should be in the L-series because this L-gluc1tol is 
. . 

known to be one of the reduction products from L-sorbose 

(Lohmar, 1957) and the latter is in the L-series. However, the 

historical facts do not support this view. The ~1rst reduct10n 

of a sugar to natural sorbitol was from D-glucose by Neunier in 

1890 (Hudson, 1945). Sorbose was discovered in the fermented 

and bacterially oxidized juice 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 juice of the same 

species by Boussingault in 1872 (Barker, 1955; Steuart, 1955). 

Although both substances were named from the same species, no 

chemical relationship between them is involved. Sorbitol was 

not 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 

~~. (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-gu1ose. On the contrary, D-glucito1 (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 and by catalytic high pressure hydro­

genation (Wolfrom ~ al., 1946), or it could also be synthesized 

by means of sodium amalgam (Lobry de Bruyn and Alberde van 

Ekenstein, 1900, ci~ed 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 studied in mammalian systems. 

The investigation of this substance in animal tissues was 

initiated and stimulated by the work of Embden and Griesbach 

(1914) in their study of the metabolism of sorbitol in the liver 

of fasted or phloridzin1zed dogs. They foundthat a perfus10n 

of this polyol in the liver tissues resulted in the formation of 

a mixture of fructose and glucose, and the y suggested that 

glucose was not the primary product of this perfusion but it 

was subsequently transformed from fructose. This 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. Wh en 

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 findings, together with the 

close structural relationship between sorbitol and fructose, 

may well have explained the ready interconvertibility of them 

and that sorbitol is a normal metabolic intermediate reading 

utilized in animal tissues. 
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Wl11lams-Ashman and Banks (1954), ln thelr study of the 

relatlonshlp of sorbltol and fructose, found that ln the varlous 

components of the reproduct1ve organs of rats an enzyme was 

extracted and lts functlon was found to be slmllar to "sorbltol 

dehydroglucos'e", an enzyme responslble for the interconverslon 

of fructose and sorbitol. They suggested that this enzyme mlght 

be lnvolved in the formatlon of D-fructose, the charact~ristlc 

sugar of seminal plasma, and the mechanlsm of this sorbitol-

fructose converslon was probably operated in these reproductive 

tissues. Earller, Mann (1946, 1949) had proposed that, ln sheep, 

thls semlnal fructose was formed through the successive con­

verslon 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 thls hexose in lts relationshlp to sorbltol. 

This relatlonship was later elaborated by Hers (1956 and 1960) 

in hls alternate mechanlsm for the formatlon of fructose from 

glucose that glucose was first reduced to sorbitol in the pre­

sence of TPNH, followed by dehydrogenatlon of this polyol ta 

form fructose. These two pathways as suggested by Mann and Hers 

are compared and summarlzed ln the follow1nga 

Mann (1946 and 1949) 

~D-glUCOse-6-PhOSPhate---'D-fructose-6-PhOSPhate~ 

D-glucose, D~ructose 

Sorbitol 

Hers (1956, 1960) 
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The pathway suggested by Mann (1946 and 1949) from D-

glucose to D-fructose is indeed the reversion o~ the same pa th­

way found by Blakley (1951) in liver slices of ~asted rats, at 

the tlme when he studled the metabollsm and antiketogenlc effect 

of sorbitol ln these tissues. He found thRt the D-glucose 

largely transformed from sorbitol was through the intermedlates 

of fructose. This work further links these three carbohydrates 

together and demonstrates their close relationship with each 

other in the metabolic tissues. 

sorbitol, -D-fructose---.D-fructose-6-p, !D-glucose-6-p--+D-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 MaS then directly 

oxidized to L-sorbose and D-fructose in thls DPN-linked reaction 

w1thout the deposition of D-glucose: 

sorbitol 

DPN 
sorbitol dehydrogenase 

• 
~I 

D-fructose and L-sorbose 

Th1s f1nd1ng is essentially a reflection of part of 

Hers' alternate pathway for D-glucose and the initiation of the 

study of Seeberg ~~. (1955) described above. 

In hls contlnued 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 in-

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: 

l 
TPl't (Reduction in Glucose + TPNH + ~:. Sorbitol + l-aldose 

placenta) reductase 

(Qxidation in Sorbi toI + DPtP- 2 -Fructose + DPNH + H'" 2-ketose 
foetal liver) reductase 

Sum: Glucose + TPNH + DPN~Fructose + TPN+ + DPNH 

The same pathway was explained by Sherman and stewart (1966) and 

Gabbay et al. (1966) in ma~lian nerve. 

A similar fate of these three carbohydrates including 

their utilization was explained by Adcock and Gray (1957). In 

their investigation of the metabolism of (U_14C) sorbitol and 

related su~ars in human subjects, they found that more than 70% 
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of orally administered labelled sorbitol were metabolized 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./IOO ml. and a 

conclusion was thus arrived at that the radioactivity 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 is 

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, Kreb 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 formatjon from hexoses, pentoses, polyols 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 their 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, dihydrûxyacetone and glyceraldehyde which reacted 

rapidly in rat kidney to form glucose. 

Metabolism of Sorbitol and Related Sugars in Plants 

Occurrence and distribution 

Bince its first discovery 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, Borbus, 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 fram vegetative parts 

to reproductive organs: in leaves {Strain, 1937: Bradfield and 

Flood, 1949; Hutchinson ~ ~., 1959: Sakai, 1961; Webb and 

Burley, 1962; Whetter and Taper, 1963: Lee, 1965: Williams, 

1966: Williams ~ al., 1967; Bie1eski, 1969; Taper and Liu, 



1969), ln buds (Whetter and Taper, 1963), in shoots (Eaton, 

1949), in dormant shoots (Bradfleld and Flood, 1950; Sakai, 

1966), ln phloem, twlg bark (Webb and Burley, 1962; Sakai, 
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1966; Bleleskl, 1969), ln germlnatlng seeds and seedlings 

(Whetter and Taper, 1966), ln sleve-tube exudate (Zimmerma~, 

1961; Webb and Burley, 1962), in fruits (Tutln, 1925; Nueeorini, 

1932; Relf, 1934; Strain, 1937; Simada, 1939; Ash and Reynolds, 

1955a; Hutchlnson, 1958; Hulme, 1958; Williams, 1966; Williams 

~ ~., 1967; Stol1, 1967a, 1967b, 1968; Buchloh and Neubeller, 

1969; Taper and Liu, 1969), in fruit cortex (Gorrod, 1961), in 

fruit spur (Williams ~ ~., 1967), in flowers (Strain, 1937). 

In commercial apple products, sorbitol was deteeted in 

eider (Tutin, 1925; Strain, 1937; Steuart, 1955; Hinsker, 1962); 

juice (Steuart, 1955; Tanner and Duperrex, 1968), apple wine 

(Bennig and Flint je, 1955), and candies, jel1ies and jams 

(Genest and Chapman, 1962). 

The eharacteristics and 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 }\Teubel1er, 1969), pear fruit (r~uttelet, 1930; Reif, 

1934; ]\'lartin, 1937; Strain, 1937; Kidd~al., 1940; Ashand 

Reynolds, 1955a and 1955b; Stoll, 1967a, 1967b, 1968; Buchloh 

and Neubeller, 1969), plum fruit (Donen, 1939; Donen and Roux, 

1939; Rees and Reynolds, 1958; Buchloh and Neubeller, 1969), 

peach fruit (Buchloh and Neubel1er, 1969), cherry fruit (~aeseler 
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and Misse1horn (1966), sloe (Lewis, 1963), quince, greengage, 

apricot (Vincent and De1achanal, 1889; Mutte1et, 1930; Reif, 

1934; Donen, 1939; Ash and Reynolds, 1955a, 1955b), fruits and 

leaves of medlar (Stanimirovic ~ ~., 1963a, 1963b, 1964), 

twig bark of 19 species of fruit trees (Sakai, 1961, 1966)t 

mountain ash (Boussingault, 1872; Vincent and De1achanal, 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 (Raas and Hill, 1932, 1933), coco­

nut meat (Hause et al., 1962), coconut mi1k (Po11ard et al., 

1961), raisin, currant and sultana (Reif, 1934), wheat sta1k 

(Reisener ~ al., 1962; Bradfield and Flood, 1950; Reif, 1934), 

oak (Lippmann, 1927), 1eaves of copper beech (Olsen, 1948), 

squash fruit (Adcock, 1957), petioles ofcommon plantain 

(GaJ.kowski ~ al., 1966). 

The role of sorbitol in plants in relation to its fluctuation, 
utilization and interconversion with its re1ated sugars 

vlhen the role and metabo1ism of sorbitol in mammalian . 
tissues have been extensively studied since the start of this 

century, its metabolism in plants has received little attention. 
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Most of the studies on sorbitol are restricted to its occur­

rence, isolation, and distribution (Barker, 1955; Bourne, 1958). 

However, for the past fifteen years, books on the physiology 

and biochemistry of sorbitol in plants had gradually acquired 

importance, and many valuable researches and investigations have 

been undertaken and reported. Among the people who have re­

viewed sorbitol in various aspects, Barker (1955) reported ela­

borately the general distribution of this sugar alcohol in 

various genera and species of plants. Lohmar (1957), while ex­

amining the origin of this polyol, related sufficiently to its 

structure, properties, uses and synthesis. Hulme (1958) review­

ed extensively the role of sorbitol on fruits of various species 

with reference to its variations under different conditions. 

Lewis and Smith (1967à1, in their study of sugar alcohols in 

fungi 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 identification 

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 keeping 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. Stee1e (1934) reported that this 

ability of sorbitol to form starch was specifie 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 tbat sor­

bitol, unlike mannitol, which is specifie for these species of 

white ash and lilac, was hardly translocated at aIl. These two 

findings indicated clearly the specificity of the metabolic 

systems of various families and their high selectivity for 

metabolites and conducting elements. This indeed is the original 

suggestion of Treboux and would be very useful for plant taxono­

mists in their assessing of plant classification, because the 

appearance of these polyols are in complete accordance with the 

taxonomy of the plants (Plouvier, 1955, 1963). 

The close structural relationship of sorbitol, fructose 

and glucose bas prompted various investigations done on them in 

animal tissues. However, in plants, this relationship bas also 

been closely studied and extended with their respective linkages 

to oligosaccharides and polysaccharides. In their 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 their metabolism. Therefore, 

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

were subsequent1y used for respiration. A simi1ar transforma­

tion was found in Base pear of Martin (1937) who suggested that 

this conversion accompanied by a preferentia1 oxidation of 

glucose in respiration, wou1d 1ead 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 aIl three 

pickings, the decreases in the non-sugar soluble solids were 

accompanied by corresponding decreases in sorbitol content. The 

most rapid decreases were found to take place in the first six 

to eight days when both sucrose and fructose were observed to rise 

with glucose remainlng constant. During the next four days, 

sorbitol again dec1ined together with sucrose, while fructose 

and glucose were found increased in content~ Martin suggested 

that this inverse relatlonship of sucrose and these two reduc1ng 

sugars might probably be due to the hydro1ysis 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 

constant1y 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 sugars had reached a high amount. 

The ripe fruit contained 2.8 gm. of sorbitol per 100 gm. fresh 
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weight, 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 10ss of respirable materials from stored plums could 

be related to the dep1etion of sorbitol, sugar and acid. 

Sorbitol and sugars were both lost inside 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 sorbitol had disappeared. 

On the other hand, when plums were moved from lOCI to 7.Soc. or 

200C., a 10-15% increase was observed in the total sugars but 

this increase again was dependent upon the sorbitol content and 

its rate of exhaustion from storage. These findings aIl seem to 

come to an agreement that sorbitol is an important metabolite in 

the fruits and its metabolism with that of other sugars was 

intimately interrelated. 

This intiijate 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 

Potter (1940), who found a considerable amount of sorbitol in 

the Conference pear fruit. During storage at 100C., 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 
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but an indirect· one, as was modified by Donen (1939). Similar 

steps had been previously demonstrated in animal systems as 

follows: 

Sorbitol---.lntermediates---.reducing 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),in 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 

fruits, 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. 

His suggestion 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 t'rom the fruit cortex of Miller's Seedling apples 

was treated with sorbitol in the presence of boiled yeast ex­

tract, an acid labile non~reducing sugar was formed and it was 

probably sucrose. The difference between the findings of these 

two researchers may be due to the difference in the purpose of 

their individual studies, one being concerned with the metabolism 
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in the living tissues (plum), while the other investigat~d the 

synthesis of sucrose in the presence of apple extract and yeast. 

The use of yeast may contribute largely to this sucrose synthesls. 

McCready Hassid (1941) reported that while many free sugars 1ike 

glucose, fructose and mannose, etc. were capable of being con­

verted to sucrose to some extent in barley leaves, neither 

mannitol nor sorbitol were converted to this disaccharide in 

the same way. These workers, therefore, suggested that in barley 

there were enzymes which cou1d convert monosaccharides to di­

saccharides but no particular enzymes which could oxidize these 
. 

sugar alcohols to their corresponding aldohexoses. 

In contrast to the finding of Donen (1939) that sorbitol 

maintained a constant increase during plum growth, Rees and 

Reynolds (1958) reported that in his developing Victoria plum 

that the concentration of sorbitol appeared in a seeming1y 

constant leve1 of 5 gm. per 100 gm. dry weight aIl through the 

whole growing season. The first of the two growing periods was 

characterized by the absence of sucrose and higher glucose con-

centration than fructose. However, sucrose appeared in the 

second period when fruits were ripe, while glucose and fructose, 

at this time, were found to slightly decline. Glucose was the 

major sugar during the whole growing period, whereas it was 

replaced by sucrose during the over-ripe stage. While the 

general pattern of sugar changes in this finding is essentia11y 

that of Donen (1939), the accumulation of sucrose during the 

over-ripe stage is in contradiction with that of Martin (1937) 



and the constant level of sorbitol during growth is also di­

versed from that of Donen and Roux (1939). If sorbitol was 
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not accumulated when the other hexoses had reached a maximum 

level, as in the case of Rees and Reynolds (1958), it could 

probably not be regarded as a storage form for these sugars. 

However, when the technique of Rees and Reynolds for the 

quantitative determination of sorbitol was examined, his 

measurement done on a spot area basis for the quantity of sor-

bitol was not as accurate as that used by Donen (1939) or the 

periodate oxidation method recommended by Lewis and Smith (1967b) 

for paper chromatography. The present thesis writer also noticed 

in his experimental work that the quantity of sorbitol or other 

sugars did not necessarily correspond to its spot area revealed 

on the paper chromatogram. 'l'herefore, the accuracy of the 

quantitative changes of sorbitol and related sugars as reported 

by Rees and Reynolds was probably not clearly shown and should 

not be necessarily used as a standard for comparison~ 

In the study primarily concerned with phloridzin, 

Hutchinson, Taper and Towers (1959) found D-glucitol c14 to be 

the largest single ethanol-soluble carbohydrate in metabolizing 

apple leaf disks following the incorporation of D_glucose_c14 

or c1402 • Wh en D-glucose-l-c14 was incorporated, the distribu­

tion of radioacti vi ty for D-gluci tol_clL~, sucrose and glucose 

were found to be in the proportion of 7.0:2.2:0.2 in the 80% 

ethanol-soluble fraction of these leaf disks. These results 
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were able to furnish important evidence for their suggestion 

that sorbitol played a central role in the carbohydrate meta­

bolism in Malus leaves. Subsequent work on apple was done by 

Whetter and Taper (1963) who reported that sorbitol content ex­

ceeded that of glucose and sucrose in leaf buds and leaves of 

Malus, by Whetter and Taper (1966) who observed the appearance 

of sorbitol in the apple seeds before germination, during 

germination and in aIl organs of the developing seedlings and by 

Taper and Liu (1969) who found sorbitol the most abundant ethanol­

soluble carbohydrate in Malus leaves. The findings of these 

researchers aIl confirmed that sorbitol was the most important 

metabolite in Malus and that it plays a central role in the 

metabolism of this species. 

In their study of sorbitol occurrence in apple leaf buds 

and leaves, Whetter and Taper (1963) found that the concentration 

of sorbitol gradually increased in mature leaves of Malus as 

cessation of growth approached. This observation was confirmed 

by a similar datum of Taper and Liu (1969) who found also â 

progressive accumulation of this sugar alcohol in the leaves 

from July to September. It was also observed that there was a 

constant level of sorbitol in the leaf buds prior to leaf ex­

pansion and photosynthesis (Whetter and Taper, 1963). Accident­

ally, this presence of sorbitol in non-developing tissues re­

sembled the work of Bradfield and Flood (1950), who detected sorbito 

in dormant apple shoots. By summariz1ng the above results, and 

recalling the finding that a large amount of D-gluCitol-c14 was 



found in the ethanol-soluble fraction of metabolizing leaf 

disks (Hutchinson, ~ !l., 1959), these workers (Whetter and 

Taper, 1963; Taper and Liu, 1969) strongly suggested that 

sorbitol was used in Malus as a reserve form of carbohydrate. 
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In view of the close structural similarity of sorbitol 

and glucose, Whetter and Taper (1963) demonstrated in another 

experiment using c14 labelled compounds incorporating into 

apple leaf disks that sorbitol was found in disks fed D-glucose­

c14 and glucose in those fed D-glucitol_c14• In a subsequent 

experiment with Malus seeds and seedlings (Whetter and Taper, 

1966), these workers found that sorbitol was accumulated in 

light but not in the dark. This suggests that this large amount 

of sorbitol formed after germination may depend on the production 

of excess sugars during photosynthesis and that, because of the 

interconvertibility of glucose and sorbitol, a rapid conversion 

of this hexose formed during the photosynthetic process to 

.sorbitol is highly probable. Apart from the demonstratlon of 

the interconvertibility of these two carbohydrates, the role 

of sorbitol as a reserve carbohydrate for other sugars when in 

excess was again shown. 

A similar demonstration of sorbitol-glucose relationship 

has been made by Anderson, Andrews and Hough (1962), who found 

a rapid synthesis of D-glucitol from D-glucose when D(1-c14)-and 

D-(6-C14 )_glucose was fed into plum leaves. About 40% of the 
14 C was found in D-glucitol after five hours, and the labelllng 

patterns obtained showed that this conversion occurred probably 
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without the rupture of the carbon chain. This again stressed 

the intimate relationship of sorbitol and glucose and this was 

in accordance with the statement that this polyol was the only 

product from glucose by direct reduction (Touster and Shaw, 

1962). 

In studies involving the photosynthesis assimilation 

of C1402 by plum leaves, Anderson, Andrew and Hough (1959, 1961) 

showed a rapid fixation of c1402 into sorbitol than starch during 

photosynthesis. Fifteen per cent was newly synthesized from 

labelled precursors in three hours after photosynthesis in a 

high c1402 concentration. Despite the large amount of sorbitol 

accumulated, it was observed that there had been a rapid turnover 

of this polyol so that there was no net change in level during 

a 20-hour periode Sorbitol was presumably at this time 

equilibrated with the other primary products of photosynthesis 

and the utilization of this sugar alcohol in plum leaves was 

also slow. In theirinvestigation of the fate of C14 labelled 

D-glucose, D-glucusonic acid and D-glucitol in metabolism 

(Anderson ~ ~., 1962), these workers further deruonstrated this 

slow rate of uptake of D-glucitol by incorporating D(1_C14)_ 

glucitol into plum leaves. After five hours, 82% of the labelled 

sorbitol fed was still present in the same form and only 18% of 

the activity was detected in the leaves in other compounds. 

This slow utilization of sorbitol by plum leaves to form other 

compounds, when compared with D-glucose and D-glucuronic aCid, 

was termed by these researchers an insufficient metabo11c process 
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in plum leaves. This finding was similar to that of Trip 

~!l. (1965) who introduced sorbitol into the leaves of white 

ash and lilac and observed that only 7% were found in other 

compounds; and among these compounds only three corresponded 

to known substances. This slow utilization and translocation 

of sorbitol in these plants was probably due to the high select­

ivity of a particular species for metabolite (Plouvier, 1963), 

in which mannitol was selected rather than sorbitol. However, 

the exact reason for this slow metabolic activity of this sugar 

alcohol in plum leaves, a species in which it usually plays a 

large part (Andrews and Hough, 1958; Anderson ~ !l., 1961, 

1962), remains obscure. There is a possibility that sorbitol 

here may act as a form of reserve carbohydrate in the leaves for 

other sugars as suggested by Whetter and Taper (1963, 1966). 

When studying the seasonal variations of polyhydric 

alcohols and sugars in fruit trees, Sakai (1961) found a con~ 

siderable amount of sorbitol and mannitol in the twig bark of 

many species. Sorbitol was found to about 1% wet weight in 

apple tree, gardenia, pomegranate and mountain ash. The con­

centration of these two polyhydric alcohols increased by two to 

three fold in winter than that in summer and their total amount 

ranged from 40% to 55% of the total sugar content. From these 

results, Sakai concluded that these sugar alcohols might in 

some way relate to the frost-hardiness in woody trees. In his 

subsequent work (Sakai, 1966), he observed again a similar 

pattern of sorbitol and mannitol in the same fruit trees from 
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summer to winter. Although Sakai finally did not conclude de­

finitely their role on frost hardiness because of the lack of 

accurate quantitative methods, he commented that the presence 

of these polyols required close attention for their roles on 

the various physiological aspects of fruit trees. 

Agreeing with the findings of Whetter and Taper .(1963) 

that a graduaI accumulation of sorbitol was found in mature 

leaves, Williams (1966) reported in his study of sorbitol con­

tent in relation to watercore formation in apple fruits that in 

periods of leaf senescence, the graduaI accumulation of this 

sugar alcohol from summer was replaced by a decline. This de­

cline in turn was coincided with an increase in sorbitol content 

and watercore in the fruits. This was particularly obvious in 

the variety Red Delicious which contained over 8% of sorbitol 

and was badly watercored. The vascular tissue samples collected 

showed an increase in the level of sorbitol and total sugars 

with advancing maturity. While the sugar content in the exudate 

of watercored apples was only one-fourth that of non-watercored 

fruits, watercored fruits had four times as much sorbitol as did 

the normal fruits. Williams concluded that this watercore de­

velopment in apple fruit could be attributed to the accumulation 

of sorbitol in the intercellular spaces of the fruit tissues. 

This accumulation was intimately connected with the transfer of 

this polyol from the leaves where it was found as the major 

photosynthate, particularly at the maturing stage. The observa­

tion from Harley (1938) that the amount of watercore in fruits 

was directly proportional to the leaves per apple further 



provided evidence to support this leaf-to-fruit transfer of 

sorbitol as a cause of this adverse development. 
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However, the finding of Williams (1966) that apple 

leaves contained as much as 10% sorbitol, in which it was the 

most abundant photosyhthate. This was supported by the recent 

data of Taper and Liu (1969). They reported that sorbitol was 

the most prominent and fructose the least abundant constituent 

in apple leaves whereas the opposite was true in the fruits. 

The concentration of sorbitol in leaves at the time of harvest 

was reported by them at a level of 21.76 mg. per gram of fresh 

fruit tissue. 

Echoing the investigations of sorbitol in fruit trees 

by Webb and Burley (1962), Whetter and Taper (1963) and Williams 

(1966), Stoll (1967a, 1967b, 1968) in Germany have success-

ively investigated the changes of this sugar alcohol and sugar 

content in many varieties of apple and pear fruits during growth 

and storage. Sorbitol content in pear variet1es was usually 

many times as that in apple fruits and its concentration in 

pear fruits might be as high as constituting 25% of its dry· 

matter compared with only 4% in apples (Stoll, ~68). During 

the period of growth, the increase of sorbitol in most of these 

two species almost paralleled their fruit enlargement. This in­

crease of sorbitol during growth was coincided with the picture 

observed by Donen (1939). In storage, the sorbitol content in 

pear rose at the expense of the other carbohydrates which, as 

explained by Stoll (1968), was caused by a considerable 
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proportion of the assimilates accumulating in the forming of 

sorbitol. This conclusion supports the suggestion by previous 

workers that sorbitol and its related sugars are interconvert­

ible, and the graduaI accumulation of sorbitol in storage 

further confirms the proposaI of sorbitol being a reserve 

carbohydrate. 

While Williams (1966) found a large quantity of sorbitol 

in the vascular tissues and cores of watercored apples, Stoll 

(1967b) found this dis.tribution in an opposite direction in 

normal pear antl apple fruits. He reported that the distribu­

tion of this sugar alcohol in these fruits was not homogenous, 

the highest concentration was found near the epidermis and the 

least near the core. This was consistent in the three varieties 

each of apple and pear fruits. Partly because of this observa­

tion, together with the similar findings by Martin (1936) and 

Siegelman (1954), the present thesis writer was inspired to in­

vestigate the pattern of sorbitol and related sugars in the skin 

of the apple fruits and the results obtained are presented sub­

sequently under the appropriate headings. 

Stoll (1967b) was probably the first researcher to ob­

serve that there was a relationship between C-A storage condi­

tions and the content of sorbitol e He reported that there was 

a marked decrease in sorbitol content in apple and pear during 

ordinary cold storage, but when the atmosphere of the stored room 

was modified with carbon dioxide, sorbitol content was shown to 

have decreased less, and a slight increase was observed at the 
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end of the storage periode It is understood that the main ob­

jective of the C-A storage is to slow down the rate of' respira­

tion of the stored materials by applylng a high carbon dioxide 

to the atmosphere. Sorbitol, the probable respirable substrate 

for fruits in storage as suggested by Martin (1937), Donen and 

Roux (1939) and Nitsch (1953), was accordingly reduced in con­

sumption in Stoll's fruits. Moreover, the slow consumption of 

sorbitol and also the subsequent interconversion between it and 

its related sugars may probably account for its slight increase 

at the end of the storage. 

In an isotopic study of the fate of sorbitol and related 

sugars in apple trees, Williams, Martin and Stahly (1967), showed 

that, apart from the fact that the rate of sorbitol translocated 

. in apple tree was more rapid than that of sucrose, the resulted 

autoradiogram of the treated lyophlized tissues indicated also 

that the apple fruits received more of the sorbitol-C14 than the 

new leaves on the same spur, and that this movement into the 

fruits was very rapid in aIl three sorbitol-C14 applications. 

After watercore had developed, sorbitol continued to move into 

the fruit tissues and subsequently the watercored area contained 

the most radioactivity. These results also appeared to support 

the suggestion raised by Williams (1966) that sorbitol accumula­

tion in the vascular tissues contributed to the development of 

watel'core. However, the present thesis writer d~ubts if the 

sorbitol accumulation inside the fruits is the major cause for 

this disorder, or the inflow of this sugar alcohol into the fruit 



is a result of the watercore development. Moreover, it was 

noticed that the concentration of sucrose in the vascular 

34 

tissues, juice and exudate of watercored fruits as shown in 

Williams' data (l966) exceeded that of all other carbohydrates, 

including sorbitol itself. Will it finally be shown that the 

metabolism of sucrose inside the fruit, or the fact as reported 

by Williams et al. (1967) that high susceptibility for watercore --
development was observed in places where the growing season was 

short, contributes more to this development? Or will it be 

shown that the high metabolic sink formed by the accumulation 

of sucrose, other sugars and solutes inside these aged tissues 

causes the influx of this sugar alcohol, and in turn accounts 

for its watercore development? Since sorbitol 18 a non-polar 

polyol (Lewis and Smith, 196?a) and it is metabolically more 

inert than sucrose and glucose once it is accumulated, such as 

in the phloem tissues (Bieleski, 1969), its presence in the 

fruit tissues does not seem a highly probable cause for this 

watercore development rather than a result of it c 

In comparing the rate of accumulation of carbohydrMtes 

in fresh or aged phloem tissues, Bieleski (1969) demonstrated 

that sorbitol, sucrose and glucose were actively accumulated by 

both tissues; but the rate was much higher in aged tissues -­

about 13 times of that of fresh tissues, and this accumulation 

in aged tissues was more notable for sorbitol than .for the 

other two. Further, the carbohydrates were most rapidly accumulat­

ed from the higher external concentration of sugar and this, too, 
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was most notable for sorbitol. The rate of sorbitol accumula­

tion from 10-2 M sugar solution was approximately 29 times that 

-2 from 10 M solution for both aged and fresh tissues. 

Sorbitol in fresh phloem tissues was observed remaining 

in its original form without changing into other sugars, amino 

aCld, I1pids or pOlysaccharides (Bieleski, 1969). Yet, in the 

aged tissues, sorbitol was found to convert into sucrose, pro-

bably via glucose, thus the concentration of sorbitol in these 

tissues decreased markedly with a rise of sucrose. This high 

amount of sucrose, if the metabolic pathway in the phloem tissues 

is the same as that in the fruit tissues, may probably account 

for the high level of sucrose in the waterco~ed (physiologically 

aged) fruits of Williams (1966). Moreover, the fact reported by 

Bieleski that sorbitol was accumulated more rapidly in aged 

tissues than in fresh ones seems to provide another evidence for 

the suggestion raised by the present thesis writer that the high 

level of sorbitol accumulated in the watercored apples of 

Williams (1966) is not necessarily the cause of the disorder, 

but a result of it. These physiologically aged tissues in 

watercored fruits, as described by Williams (1966), tend to 

accumulate large quantities of sorbitol from other organs of 

the trees, notably from its leaves. Once this sugar alcohol is 

accumulated, it is metabolically more inert than sucrose or glu-

cose. Only when there develops a system which can convert sor-

bitol to sucrose does sorbitol enter the metabolic pathways 

(Bieleski, 1969). Therefore this pool of sorbitol appears to 
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behave more like a storage form of sugar which is drawn in by 

the aged tissues. It does not appear to contribute to the aging 

process and to watercore development. 

-
The role of sorbitol in plant translocation 

For the past twenty years, in the studies of carbo­

hydrate translocation in plants, sucrose was generally regarded 

as the most important carbohydrate translocate. Using an iso­

tope technique to investigate this translocation in sugar beet, 

Turkina (1954) found that when c1402 was fed to the leaves, 

sucrose was the first radioactive substance entering the phloem 

and that it was quickly translocated to the roots. Similarly, 

Pavlinova (1954) demonstrated that sucrose was rapidly synthe-

sized in the leaves and conductive tissues of this sugar beet 

plant from fed C14-labelled hexoses and it was also the principal 

substance transported from the leaves down to the roots. Ziegler 

(1956) reported that sucrose was the only sugar present in the 

sieve-tube exudates of 12 species of European trees under in-

vestigation. The same was found true by Zimmermann(1957). 

Swanson and El-Shishiny (1958), Swanson (1959) and Zimmermann 

(1960) observed that the C14-hexose/c14-sucrose ratio was de-

creased downward from the supply leaf of grape, and suggested 

that sucrose was the only sugar translocated in the grape and 

hexoses were only secondary hydrolytic products. In the study 

of sorbitol and related sugars in germinating seeds and develop­

ing seedlings of Malus, Whetter and Taper (1966) noticed that 
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the changes in sucrose concentration followed closely the growth 

of the seedlings, and significant amounts were found in roots 

in both the daylight and dark experiments. Therefore, they 

suggested, also, that sucrose was an important translocate in 

apple seedlings. 

However, although evidences for sucrose-translocating 

were overwhelming in most of the literatures, a suspicion that 

hexoses or other forms of carbohydrates were the translocates 

in the plants persisted for many years. In 1952, Dana reported 
14 that when C 02 was supplied to leaves of dwarf Yellow Delicious 

apple trees, most of the radioactivity recovered from bark sample 

was present in glucose, while sucrose was only detected 'n the 

secondary amount and fructose the least. This work prompted the 

subsequent deatiled study of Webb and Burley (1962) in their 

assessment of sorbitol as one of the important translocates in 

apple phloem. Eaton (1949) found a sorbitol content of 0.5% in 

one-year-old apple shoots in the spring, while Bradfield and 

Flood (1950) reported that sorbitol and other related sugars were 

present in the dormant shoots of apple, pear, and plume Later, 

Z1mmermann(1957, 1958) detected a large amount of sugar alcohols 

in the sieve-tube exudates, notably mannitol in the Oleaceae 

and sorbitol in the Rosaceae (Zimmermann, 1961) and this finding 

led him to suggest that these sugar alcohols might be important 

translocates in the plants. The above findings aIl seemed to 

indicate that sorbitol served in one way or another the role of 

carbohydrate translocate in plants, especially in species like 



38 

apple and members of Rosaceae family. Nevertheless, this role 

was subsequently confirmed and demonstrated by the works of 

Hutchinson (1958) and Kursanov (1961) who showed respectively 

that in the apple and sugar beet, sorbitol was the translocatory 

form for the hexose sugars. 

Inspired by the work of Dana (1952) and Zimmermann(1958 

and 1961), Webb and Burley (1962) further searched for a better 

experimental method for identifying and demonstrating that sor­

bitol was the major translocatant in apple phloem. By rigorous 

chromatographie procedures, they found that sorbitol was the 

compound containing the major portion of radio-activity in the 

stem of apple after the leaves were exposed to c1402• They re­

ported that most of the activity originally thought to be in 

glucose as reported by Dana (1952), was probably present in 

sorbitol. Therefore, they concluded that sorbitol, along with 

sucrose, was probably the principal carbohydrate transport 

material in the phloem of apple and in other species of the 

Rosaceae. 

Sakai (1961, 1966) reported that in the tWig bark of 12 

species of fruit trees, especial1y pomegranate, gardinia, apple 

and mountain aSh, mannitol and sorbitol were found in considerable 

amounts, which increased by two to three times in winter over 

its amount in August. Fructose, glucose, sucrose, raffinose and 

stachyose were also detected, along with these sugar alcohols. 

Although'further work was not carried out because of the lack 

of accurate experimental methods, Sakai, however, pOinted out 



that more consideration should be given to the role of these 

polyhydric alcohols in the transport of soluble organic sub­

stances in the plants and in other physiological problems. 
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In support of the suggestion put forward by Webb and 

Burley, Williams et !l. (1967) elaborated in their investiga­

tion on the fate of sorbitol and related sugars in the apple 

tree and fruits that sorbitol was absorbed and translocated 

much faster than sucrose. More than twice as much radio-

activity was extracted from the sorbitol-treated plant as from 

the sucrose-treated one. Movement of both sorbitol and sucrose 

tended to go upward to the active growing points. Although 

some downward movement was observed below the point of C14 

application, no radioactivity was detected in the roots in 

either chemical-treated plants. This finding may deny in some 

way the questions raised by Liu (1967) who asked what happened 

to sorbitol and sucr~se after they had reached the roots. Since 

no labelled sorbitol,nor labelled sucrose,nor compounds in other 

forms were found in the roots in this study, it would seem pro­

bable that sorbitol was readily translocated to and metabolized, 

not in places of mature tissues, but in the actively growing 

regions, and the direction of this translocation was more 

favoured, towards the top than downward to the roots (Bieleski, 

In an extensive study of the accumulation and trans­

location of sorbitol in apple phloem, Bieleski (1969) summarized 

aIl the previous investigations done on this subject and 



40 

demonstrated his suggestions for the fate of this sugar alcohol 

and its related sugars in apple with regard to its utilization 

and accumulation. He agreed. with Webb and Burley (1962) that 

sorbitol was translocated in the phloem of the plant, not in the 

cortical tissues, and it was a primary translocate. He demon­

strated that phloem, when separated from aIl other tissues, con­

tained over 70% of the total soluble radioactivity in the form 

of sorbitol. Sorbitol was always found as the major translocatory 

product in the phloem samples harvested within a time of ten 

minutes after the start of photosynthesis. This again confirm-

ed that sorbitol was the major translocate in the apple. 

In an attempt to elucidate whether the role of sorbitol 

in phloem transport is an active or passive process, Bieleski 

(1969) first demonstrated that the distribution of sorbitol in 

cortex, wood, leaf and phloem was predominantly over other 

carbohydrates. If sorbitol was passively drawn into the phloem, 

Bieleski explained, that serine and phosphate esters, the major 

early photosynthates after short periods of photosynthesis in 

the leaf, would also be present in these tissues. But these two 

compounds were not detected, indicating that sorbitol was trans­

located into the phloem by itself, or in other words, through 

an active process. The same view of active sorbitol transport 

was shared by Williams (1965) in his personal communication with 

Liu (1967) that when c14 was fed into leaves in the period just 

after fruit set, sorbitol was observed to transport rapidly to 

the developing fruits. Since the fruit became labelled much 

faster and to a larger extent than the leaves on the same spur, 
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Williams concluded that this movement was highly probably not 

a passive transport but rather an active one. However, Bieleski 

admitted that in phloem this sorbitol transport was taking place 

mostly after the process of accumulation had begun. At h1gh con­

centration, sorbitol was accumulated as readily as sucrose or 

glucose in the phloem, and the ratio of this entry of carbohy­

drates into the phloem resembled their ratio in the leaf. Once 

these carbohydrates were accumulated, there was very little ten­

dency for sorbitol to be converted to sucrose or fice versa. 

Therefore, the composition of the translocation stream, with 

sorbitol predominant, assured the active movement of these 

carbohydrates in the phloem. Seeing this restricted ut11ization 

and sparing metabolism of sorbitol in the phloem tissues, 

Bieleski suggested that this sugar alcohol was the logical and 

important translocatory substance. Further, this worker con­

cluded that the active gro"lling regionR consumed sorbitol read11y 

and low concentration was therefore found at those places. 

This finding echoed a similar picture shown previously in the 

developing stem and cotyledons of Whetter and Taper (1966), and 

in the active grOl'nng; fruits of Taper and Liu (1969). Bieleski 

continued that maturing tissues tended to lose this ability of 

mass utilization and sorbitol was therefore observed accumulat­

ing in these tissues at high levels. This accumulation of 

sorbitol probably coincided with the same picture in the matur­

ing pear and apple fruits of Stoll (1967b, 1968), in the matur­

ing leaves of ~Ihetter and Taper (1963) and Iraper and Liu (1969) 

and in the watercored apple tissues of Hilliams (1966). 



In conclusion, the functions and role of sorbitol in 

apple, as described and interpreted above and in prevlous 

chapt ers , could be weIl summarized by an excerpt from Bieleski 

(1969), who contentedly concluded: 

It is therefore felt that there is no conflict between 
the results of Vlebb and Burley (1962) and \t·fhetter and 
Taper (1966), but rather that each represents a different 
view of a single situation. Sorbitol is a major trans­
location product because it is a major photosynthesis 
product. It can be accumulated as such by the phloem cells, 
and its conversion to or formation from other compounds can 
depend on the state of the tissue. Its function is that 
of a somewhat unusual storage compound: there appear to 
be interesting parallels between the behaviour of sorbitol 
in the apple, and that of mannitol, ribitol, and other 
polyols in lichens (Lewis and Smith, 1967a; Richardson and 
Smith, 1968). 

Uses of Sorbitol 

Sorbitol is perhaps the most abundantly used of aIl the 

hexitols. Fort y years ago, the cost of sorbitol obtained from 

natural sources limited considerably its general application in 

various fields. However, since the development of a process for 

laboratory syntheses of so~bitol from D-glucose by reduction with 

sodium and amalgam or by pressure hydrogenation using platinum 

or nickel, sorbitol is no longer a chemical curiosity, but an 

established cheap chemical compound of commercial importance. 

Its usage is observed in various fields such as pharmaceutical, 

food and commercial applications. 

As earl~l as 1929, sorbitol l'TaS introduced into thera-

peutics in Europe under the name of "Sioninlt by Thannhauser 

and j'!eyer. Since then, various workers had investigated the 
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possibility of sorbitol as a substitute carbohydrate in diabetes. 

Kaufmann (1929) reported that sorbitol exhibited a protein­

sparing action and was a useful adjunct in the diabetic diet. 

Gottschalk strongly recommended sorbitol's use in diabetes be­

cause it had an "insulin-enticing" action (cited by Carr and 

Krantz, 1945). Sorbitol owes its value to diabetes because it 

is capable of being stored as glycogen in the liver and its 

sUbsequent depolymerization and utilization fail to supply the 

blood a pIe thora of glucose which would produce hyperglycemia 

(Carr and Krantz, 1945). Nowadays, sorbitol enjoys a wide use 

in the clinical field as an acute diuretic. If it 1s intra­

venously injected in high dosage, it will have a laxative ef­

fect, and this property led toits use as an adjunct to therapy 

with ion-exchange resins (Touster and Shaw, 1962). Sorbitol may 

also be used to promote dehydration in overhydrated patients, 

and to lower or eliminate the requirements for B vitamins in 

human and animal diets. It is also able to increase the ab­

sorptionof Vitamin B12 in rats and human sUbjects, and in 

pregnant rats it promotes the transport of this Vitam1n B12 from 

maternaI tissues to the foetus (Touster and Shaw, 1962). 

With the production of the cheap crystalline glucose, 

from which sorbitol is der1ved and that sorbitol 1s moderately 

sweet and hygroscopie in nature w1th a calorie value of four 

calories per gram (Olmsted, 1953), .this sugar alcohol is w1dely 

used in the food ~ndustry as the low-calorie component in manu­

facturing confectionery, candies, jell1es and jams, etc. 
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(Genest and Chapman, 1962), and an addition of 1% of sorbitol 

is said to increase the sweetening power of saccharin three 

fold in canned fruits (Walker, cited by Steuart, 1955). In 

the detection of the degree of adulteration of grape wine and 

vinegar, fruit wine is'added and the measurement of the amount 

of sorbitol in it gives the extent of this adulteration (Steuart, 

1955; Minsker, 1962). Since the oxidation of sorbitol by 

microorganism'.is usually the best method for its conversion to 

ketose and the yield is high, this biochem1cal reaction is 

therefore often used as the preferred commercial process for 

converting sorbitol to L-sorbose, which in turn is the inter­

mediate in the synthesis of ascorbic aCid, Vitamin C. By means 

of hydrogenolysis, sorbitol in a mixture of other polyhydric 

alcohols, was used in Germany during World War II to make 

"glycerogen" which is a humectant. The monoesters of sorbitol 

have surface active properties and contain sorbitan, the de­

hydrated form of sorbitol, which make them useful to be 

emulsifiers and stabilizers under the commercial name "Span" 

and "Tween" (Lohmar, 1957; Graham, 1963). Moreover, nitrate 

esters of sorbitol are important explosives and pharmaceuticals. 

In plants, sorbitol plays many other roles beyond those 

described in previous sections. When it is infiltrated into the 

leaves of oats, it will serve as one of the most efficient 

carbohydrate precursors of ascorb1c acid (Devyatnin, 1950). 

Tandon and Grewal (1954) found that sorbitol was the best carbon 

source for the growth in culture of Alternaria tenuis isolated 



from apple. Sorbitol can also be utilized for pOlysaccharide 

synthesis: it is converted to starch in the detached leaves 
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of Rosaceae (Steele, 1934; Barker, 1955), and utilized in the 

biosynthesis of cell wall carbohydrates (cellulose as xylan) in 

the wheat plants (Brown and Neish, 1954; Altermatt and Nelsh, 

1956). 

Sorbitol has been reported as a major constituent of 

coconut milk and may be present in other liquid endosperms 

(Pollard, Shatz and Steward, 1961). Since polyols have rarely 

been proved very effective in embryo culture {Lewis and Smith, 

1967~, its presence in coconut milk may not be a sole nutrient 

for the development of embryo. It is interesting to observe 

that young embryo of the fern, Todea barbara, which might not 

rely on endospermous nutrition, could complete their development 

when excised in a mixture of sorbitol and inositol, instead of 

coconut milk (DeMaggio and Wetmore, 1961). 

The presence of sorbitol in plant tissues can, however, 

give rise to some adverse effects, Sllverman (1960) demonstrated 

in his study in stem rust on wheat leaves that sorbitol, and to 

a lesser extent mannitol, induced blackening and abnormal uredo­

spores in Puccinia graminis when infected wheat leaves were 

placed in solution of these polyols in the dark. Williams (1966), 

as described above, reported that the accumulation of sorbitol 

in fruit tissues might contribute to the development of water­

core in apple fruits. Although Rohrbach and Luepschen (1968a) 

could not find out any clear evidence to show that the occurrence 
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of sorbitol, together with mannitol, had a positive relation to 

the pycnidiospore germination and to the susceptibility of 

cytospora canker infection in peach bark tissues, sorbitol was 

found to be about three to four times that of mannitol through­

out the sampling season and significant amounts of these two 

polyols were also found in the early season of the three late 

maturing varieties under investigation. Since a definite enhance­

ment of pycnidiospore germination was observed with mannitol 

ln vitro, and to a lesser degree with sorbitol (Rohrbach and 

Luepschen, 1968b), their presence in peach bark indicates that 

they may be related to this susceptibility. 



EXPERIMENT l 

Variability in the Concentrations of Sorbitol, Related 
Sugars and Starch in Malus Fruits during Periods of 

Growth and in Storage 

A. Materials and Methods 

Introduction 

The materials and experimental procedures for the"three 

sections under Experiment 1 were identical. These procedures 

included sampling of fruits, extraction, clarification, chroma­

tography, elution and quantitative determination. The fruit 

samples were colle~ted according to a statistical design for two 

sample-groups and at ten-day intervals from both field and cold 

storage. A sample at a fixed fresh weight was extracted with 

70% ethyl alcohol for a continuous 8 hours. The preliminary 

extract, after successive filterings and washings, was evaporated 

down to a specifie level to evaporate off the alcohol, and then 

made up to a final volume as required. This known volume of, 

extract was subsequently clarified, using lead acetate and sodium 

oxalate, and the final clear extract obtained was spotted on the 

paper chromatogram. After developing and spraying the 
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chromatogram, each of the separated carbohydrates on the paper 

was cut out and eluted with distilled water. Color reaction 

tests were performed withthe eluates, uSing appropriate methods, 

and the resultant transmission readings of the various colored 

solutions were taken in the spectrophotometer at different and 

appropriate wavelengths. The quantitative result for each of 

the carbohydrates at a corresponding transmittance was calculated 

from the individually pre-constructed standard graphe 

Sampling of fruits 

In sampling apple leaves for the determination of sorbitol 

and related sugars, Whetter (1962) carried out an elaborate 

statistical experiment on the population variability of these 

carbohydrates in the leaves, and showed that their contents 

could be accurately determined statistically using seven sa~ples 

in a group with each sample taken from an individual tree. In 

sampling fruits in the present experiment, it was decided to 

follow her method as described in her thesis. However, since 

the size of the fruits varied with the season, being very small 

at the beginning and later becoming much larger, it was not 

possible to fix the number of fruits per sample without con­

sidering their weights. It was decided to take samples from 14 

trees of Malus pumila, cultivar Mclntosh in two rows, each con­

taining a group of seven trees. An equal number of fruits was 

picked from each tree on each sampling date, both day and night. 

The number of fruits taken from each tree each time decreased 
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with the increas1ng size of the apples, but each sample provided 

a minimum of 50 gm. analyt1cal material. The samples from the 

two groups of trees were analyzed separately under 1dent1cal 

experimental condit10ns, and the results obtained were fed into 

a computer at the end of the exper1ment. They were compared by 

the 'paired T-test', a statistical test of sign1f1cance that is 

used to reveal differences between two paired sets of values 

(Goulden, 1952; Steel and Torie, 1960). 

The two groups of trees chosen were 1nRow Il (sample­

group 1) and Row 6 (sample-group II) in Block 9 of the Macdonald 

College Orchard. These trees were aIl nineteen years old, and 

uniform with respect to size and shape. They were planted in the 

orchard in the same soil type and cultivated under the same sod­

mulch-system. In order to minim1ze exper1mental errors, aIl fruit 

samples were taken from the south side of each tree. Uniform 

fruits of approximately the same size, free from disease and 

in jury were selected and labelled the night before samp11ng. 

AlI fruits were from two-year-old shoots 3 to 6 feet above the 

gro~d. 

Since the number of fruits taken for analys1s decreased 

with their increase in s1ze, more fruits were taken during the 

first few sampling dates than later. For example, on the first 

sampling date, 35 fruits, five from each of the 7 trees in the 

same sample-group, were taken, making 70 fruits in total for the 

day samples and 70 for the night. As the season advanced, the 

number was reduced progressively. From July 16, 1968 onward, 



each sample-group consisted of seven fruits, one from each of 

the 7 trees in this group. 

In 1968, sampling was first started on June 6, about a 

week after full bloom, when little fruits were about the size 
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of peas. Fruits were picked at ten-day intervals, both day and 

night at 10:00 a.m. and 10:00 p.m., respectively. Samples were 

placed in plastic bags and brought to the laboratory as soon as 

possible. They were then weighed, and immediately frozen at 

_12oC. for later analysis. Binee fruits in early season were 

relatively small, they were frozen in toto after the petioles 

were removed and the fruits cleaned. As fruits became bigger 

in later days, it was deemed inappropriate to use aIl the fruit 

tissues for analysis. Therefore, after July 16, only pulp was 

used. The fruits were cleaned, peeled, quartered and cored, with 

seed removed. Samples were packed in plastic bags with labels 

and stored at _12oC. to inactivate enzymes. 

"After harvest on Beptember 22, selected fruits from aIl 

14 trees were placed in numbered boxes in refrigerated storage 

at 32oF. Sampling was from groups, as in the field; and also at 

ten-day intervals until the beginning of May, 1969. 

During the summer of 1969, samples were taken according 

to the procedure used in 1968. However, the first sample was 

taken on June 16, 1969, about two and a half weeks from full 

bloom because fruit set was delayed by cold weather. Sampling 

time was at the same ten-day intervals and fruits were selected 

in the same manner as in 1968. Nevertheless, no night samples 

were collected in 1969. Because of the reduction of the night 



sample load, fruits collected from the field could immediately 

be processed for extraction without going through the frozen 

stage. The first sample consisted of 35 fruits while seven 

fruits were collected on September 4 and thereafter. No fruit 

samples were examined from storage during 1969. 

Extraction 
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Fruit samples were individually blended in a Waring 

Blendor and the blended materials were thoroughly mixed. From 

each sarnple, 50 gm. of the b~ended fruit materials were taken 

for extraction. 

After weighing, each 50 gm. fresh blended sample was 

washed by a stream of 70% ethyl alcohol through a funnel into a 

500 ml. round-bottomed flask with joint. The latter was then 

connected 'to a Graham condenser, with inner and outer T-joints. 

The sample was just covered with 70% ethyl alcohol. In this di­

lution of ethanol, Whetter (1962) found sorbitol more soluble 

than it was in 80%, and the present author also found it satis­

factory (see Techniques, An Investigation and Appraisal). The 

sample was then refluxed for a continuous eight hours. Ten to 

twelve samples were refluxed at the sarne time. The extract was 

then cooled, filtered through Whatman No. 1 or 41 filter paper, 

uSing a Buchner filter under vacuum. The residues on the filter 

were first washed weIl with 70% ethanol and afterwards with 

distilled water. After complete rinsing of the residues, the 

filtrates and washings were combined in a 500 ml. beaker and 
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evaporated on a hot plate to a volume a little below 100 ml. 

(for 1968 field samples) , or 50 ml. {for 1968 storage samples} 

or 25 ml. (for 1969 samples). AIl alcohol was driven off during 

this operation. The washed alcohol-insoluble residues in the 

filter were dried and bottled as described in the section, 

Starch Determination, for starch analyses. 

Clarification 

A combination of the methods described in the official 

analytical method of the A.O.A.C. {lOth Edition, 6.075 and 29.021 

(c), 1965} was used for clarifying the colored extracts with 

fine suspended materials obtained from the preceding extraction. 

Dry solid basic lead acetate, specifically for sugar analysis, 

was employed as the major clarifying agent. Before the clarifica­

tion was made, extracts obtained in the previous section were 

made up to volume with distilled water, namely, 25 ml., 50 ml. 

or 100 ml. This was important because a certain volume of the 

extract·tended to be lost during the later lengthy series of pre­

cipitations and filtrations. 

A small quantity of dry solid basic lead acetate was 

added to the extract and the mixture was shaken thoroughly. 

More salt was added and the solution shaken again until a 

flucculent precipitate was produced and the precipitation was 

complete. The solution was then allowed to settle for 15 minutes 

and the supernatant was tested with little solid lead acetate. 
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The solution was shaken and let stand again if more precipitate 

formed; if no further precipitate appeared, the solution was 

filtered through Whatman No. 50 filter paper. Enough solid 

sodium oxalate was added to the filtrate to precipitate the 

excess lead. The whole solution was permitted to settle for 10 

minutes and filtered. The filtrate was further tested for lead 

with sodium oxalate until a negative result was shown. The mix­

ture was again allowed to stand for 15 minutes and the supernatant 

was poured into a centrifuge tube and centrifuged for five 

minutes in an International Clinical Centrifuge at full speed, 

aaOOr.p.m. The fine suspended partic1es that had escaped the 

above filtering process were separated at the bottom of the 

tube, and the clear supernatant was decanted into a specimen 

vial used for spotting, or kept frozen unti1 required for 

chromatography. 

Chromatographie separation of sorbitol and re1ated sugars 

One-dimensional descending paper ehromatography was 

employed to separate sorbitol and its re1ated sugars on the 

same chromatogram. 

(1) Paper preparation 

Chromatographie grade Whatman No. 1 fi1ter paper (thick­

ness 0.16 mm., medium flow rate), size 56 1/2 x 23 cm. was eut 

into two equal strips of 23 x 56 1/2 em. and eaeh was used for 

ehromatography purposes. A long, thin penei1 line was drawn 
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along the middle of the strip separating it into two halves from 

one end to the other. Another line was again drawn perpendicular 

to the previous one, 10 cm. from the end of the paper that was 

dipped into the solvent trough during the later developing pro-

cess. Five dots were marked along this line for future spot­

application and they were at a reasonably equal distance with 

three dots on one half of the strip and two on the other. There­

fore, when extracts were applied later, these pencil dots were 

filled up with the following five spots of extracts: 

*-----------------11 1/2 cm.------* ----------11 1/2 cm.------
Dot: 1 2 3 4 5 

Extract: sample Mixture sample sample sample 
A of standard B B A 

compounds 
under in-
vestigation 

(2) Spotting 

Spots were carefully applied to the pre-marked positions, 

one drop at a time, with a 5 or 10 rLDrummond disposable 

'microcaps' micropipette distributed by Kensington Scientific 

Corporation, Oakland, California. The quantity of extract ap­

plied varied from 10 to 30 FI., depending on the concentration 

of the extract, but sometimes as high as 70 ~l. were used as 

required by an individual sample. Each spot was dried immediately 

with an Oster airjet hair dryer before next application was made. 

The spots when applied on the paper were kept as small and com­

pact as possible and not exceeding 0.5 cm. in diameter. A marker 
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spot consisted of a mixture of standard compounds under investiga­

tion was applied alongside with the sample spots. Its position 

on the chromatogram was shown in Section (1) above. 

(3) Development of chromatogram 

A mixture of methyl ethyl ketone (butanone)-glacia1 

acetic acid-water saturated with boric acid (9zlzl/v:v:v) was 

used as the solvent system for separating sorbitol and re1ated 

sugars. This solvent system was proposed by Rees and Reynolds 

(1958) and first used by Britton (1961) to separate sorbitol from 

other compounds in animal tissues; and 1ater by Webb and Burley 

(1962) to separate sorbitol and sugars in the stem bark of 

apple. It was modified by Genest and Chapman (1962) to detect 

sorbitol in diabetic foods, and was again used by Whetter and 

Taper (1966) for sorbitol-sugar separation in apple seeds and 

seedlings, and by Taper and Liu (1969) in apple leaves and fruits. 

It was recommended by Lewis and Smith (1967b)as the best solvent 

for polyol separation on paper chromatogram5. 

The papers, after spotting, were kept in a Pyrex chromato­

graphy jar 12 x 12 x 24 inches, covered with a seamed glass 

plate, with edges greased with vacuum vaseline and weights on 

top, and a dish of the solvent mixture was placed at the bottom 

to saturate the jar overnight. The solvent from a separatory 

funnel was directed through the four holes drilled on the cover 

plate to the solvent troughs inside the jar. The jar was 

placed in the chromatography room where the temperature was al­

ways kept constant at 220 C. (room temperature) and free from 
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outside disturbance. The time for development was 38-40 hours. 

Overlapping of spots was observed on the chromatogram if the 

running time was less than 35 hours while sorbitol, the compound 

with the highest Hg value in this solvent system, ran off the 

paper when developing time was over 45 hours. Thé solvent was 

allowed to drip off the lower edge of the paper and fresh sol­

vent was added through the holes whenever necessary, but usually 

once every 12 hours. A maximum of four papers were run at the 

same time. After the development was complete, the chromato­

grams were carefully taken out of the jar without dripping on 

the others or contaminating them with dirt. AlI the chromato­

grams were then dried in the air until aIl the pungent odor was 

gone and the whole paper was dry. 

(4) Spot detection 

Before any detection procedure was undertaken, the paper 

strip was first cut into two halves according to the line pre­

viously drawn for this purpose. Only that half with the marker 

spot of standard mixtures was used for spot detection. The 

other half was kept for later eluting and quantitative determina­

tion purposes. 

The chromatogram was sprayed with a solution of 1% 

aqueous solution of potassium permanganate and 2% sodium car­

bonate (l:l/v:v). The oxidation of sorbitol and sugars with 

permanganate gave yellow spots on a purple background on stand­

ing for 7-10 minutes. The color gradually changed to dark grey 

or deep brown in a light brown background in about 25 minutes. 
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The spots were marked with pencil to locate the area of the 

carbohydrates separated on the chromatogram. 

The two components of this spray reagent were prepared 

separately and kept in brown bottles. They were mixed accord-

1ng to proportion immediately before use. The stock solutions 

could be used ev en after storage for several months. Besides 

being easy to prepare, this reagent detected all the required 

carbohydrates under investigation on the same chromatogram. 

Eluting the carbohydrates from the chromatogram 

(1) Elution 

The zones in which sugars were contained were traced out 

on the unsprayed portion of the chromatogram with reference to 

the detected carbohydrate spots on the sprayed one. Ample space 

was given to each zone so that no part of the materials contained 

in the paper was missed. The paper was then cut into different 

sections with respect to the different carbohydrates, and each 

was placed in a polystyrene disposable petri dish of size 60 x 

20 mm. or 100 x 15 mm., depending on the size of paper sections 

cut. Five ml. of distilled water were syringed in to completely 

cover the whole piece or pieces of paper. The dish was th en 

shaken gently by hand or by a mechanical shaker for a continuous 

five minutes, and then it was shaken from time to time for five 

hours to have the carbohydrates eluted out (Dubois et al., 19.56; Spirol --
1960). All samples were accompanied by blanks of the same sizes 

cut from plain paper and eluted in the same way. This was used 
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to eliminate the color that might have developed in the course 

of the reaction between the dissolved cellulose lint from the 

paper and the reagents employed in the later quantitative de­

termination of sugars. Nevertheless, the reagents in the method 

for sorbitol determination was shown not to give rise to any 

interfering color with cellulose lint. 

(2) Centrifugation 

Since the eluate obtained after the above elution was 

contaminated with â fine suspension of cellulose lint from the 

paper, it was found necessary to clear it by centrifugation. 

The eluate in the petri- dish was decantèd into a 5 ml. centri­

fuge tube and spun for three minutes .at full speed in the 

centrifuge. The clear supernatant was then poured into a specimen 

vial for immediate qparititatLvedetermination or kept in the 

refrigerator for a brief period until tim~ was allowed for de­

termination. 

Quantitative determination 

(1) Determination of sorbitol 

The method for the determ1nation of sorbitol, initial1y 

proposed by Lambert and Ne1sh (1950), is based on the oxidation 

with periodic aC1d, in which the excess periodate formed is re­

moved by arsenite in an acid medium and the formaldehyde formed 

1s determined co1orimetrica11y with chromotropic acid. This 

method has been wide1y emp10yed for ana1ytica1 purposes by 

workers such as Adcock (1957), Sakai (1961, 1966), Anderson 



et al. (1961), Whetter and Taper (1963, 1966) and Taper and 

Liu (1969). This method was highly recommended by Lewis and 

Smith (1967b). 

a. Reagents 

Chromotropic acid reagent: One gm. of chromotropic acid 
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(l, 8-dihydroxynaphthalene-3, 6-disulphonic acid) was weighed 

out accurately and dissolved in 100 ml. distilled water and 

the solution was filtered. To 150 ml. distilled water was 

added 300 ml. of concentrated sulfuric acid. This was 

cooled, and added to the above yellow brown chromotropic 

acid solution (sulphonic acid mixture). The volume was made 

up to 500 ml. and kept refrigerated in a brown glass-stopper­

ed bottle. This reagent was prepared fresh every two to 

three weeks. 

Sulfuric acid (10 N): 280 ml. of concentrated sulfuric 

acid was added cautiously to 600 ml. of water and the volume 

was adjusted to l liter when the solution had been cooled. 

Periodic acid (0.1 M): 4.56 gm. of periodic acid was dis­

solved in water and the volume made up to 200 ml •. The solu­

tion was stored in a brown bottle in the refrigerator. 

Sodium arsenite (1.0 M): 22.5 gm. of sodium hydroxide 

pellets and 50 gm. of arsenic trioxide (arsenous aCid, 

As203 ) was dissolved in 500 ml. of distilled water and 

stored in a brown bottle. 
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b. Procedures 

In a 10 ml. volumetrie f1ask, 2 ml. of samp1e e1uate 

(or 2 ml. solution made up with 1 ml. each of samp1e e1uate 

and disti11ed water, d~pending on the concentration of the 

e1uate) were acidified with 0.1 ml. of 10 N su1furic acid; 

0.5 ml. of 0.1 mo1ar periodic acid was th en pipetted into 

the f1ask. With mixing, 0.5 ml. of mo1ar sodium arsenite 

was added in the same way five minutes after the previous 

addition. Iodine appeared inthe solution 10 or 20 seconds 

later and then faded, which was due to the reversibi1ity of 

the reaction between arsenite and iodine. 

After five to ten minutes, the contents of the f1ask were 

made up to mark with disti11ed water and mixed thorough1y. 

One ml. of this solution was . P1petted into a test tube and 

10 ml. of the chromotropic acid reagent was syringed in, by 

means of a 10 ml. hypodermic syringe without a needle, to 

get a complete mixing and the tubes were heated for 30 

minutes in a boi1ing water bath to have the co1or deve1oped. 

Care was teken to avoid direct 1ight from fa11ing in the 

tubes during the process of heating. The tubes were then 

coo1ed and the percentage transmission was determined at 

. 570 mp. in the spectrophotometer using standard cuvettes. 

A standard curve was prepared from pure standard solu­

tions containing 20 to 200 pg. sorbitol in 2 ml. of solution 

and samp1e values were read off from this curve. It was 

prepared for each ana1ysis to compensate for differences in 
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the chromotropic acid reagent prepared at different times. 

Blanks were run with aIl determinations to obtain the correct 

100% transmission setting and semples were done in triplicate. 

(2) Determination of sugars (fructose, glucose, sucrose and 
raffinose) 

Since samples in this thesis project were numbered to 

hundreds, it was found too slow to use different analytical 

methods for different sugar determinations as was previously 

done by the researchers in this department. Therefore, before 

this sugar determination was started, efforts were made to search 

for a precise, accurate but simple method which was also satis­

factory for aIl the sugars under examination. The phenol­

sulfuric acid method (Dubois et al., 1956) employed here was 

found to give reliable results for aIl these four sugars and 

the color produced in the reaction between sugars and the re­

agents was unusually stable (see Techniques, An Investigation 

and Appraisal) and possessed a definite absorption peak. The 

intensity of color formed at a constant phenol concentration was 

proportional to the amount of sugar present. Moreover, the 

manipulation was simple and rapid, and the reagents were in­

expensive and readily available. The standard curves obtained 

by plotting the sugar concentration versus the absorbance could 

be readily reproduced (Dubois et ~., 1956). This method was 

reported by Whetter (1962) to require less stringent conditions 

than the anthrone method which most researchers used for sugars. 



a. Reagents 

Sulfuric acid: Reagent grade 95.5-98.0%, conforming to 

ACS specifications, sp. gr. 1.84. 
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Phenol: 80% by welght, prepared by adding 20 gm. of dis­

tilled water to 80 gm. of redistilled reagent grade phenol. 

This mixture forms a water-white liquid that is readily 

pipetted and can be kept for several months. 

b. Procedures 

Two ml. of sugar eluate (or 1 ml. each of eluate and 

distilled water), were pipetted into a cuvette and 0.05 ml. 

of 80% phenol were added. Then 5 ml. of concentrated 

sulfuric acid was added rapidly by means of a syringe without 

needle, the stream of acid being directed against the liquid 

surface rather than against the sides of the tube ln order 

to obtain a good mlxlng. The cuvette was allowed to stand 

10 minutes, and then lt was shaken and placed for 10-20 

minutes in a water bath at 25-30oC. before readings were 

taken. The color was stable for several hours. 

The absorbance of the characteristic yellow-orange color 

was measured in a spectrophotometer at 490 m? for aIl the 

four sugars. Blanks were prepared by substituting distllled 

water for the sugar solution. The quantity of sugar in the 

eluate was calculated with reference to a standard curve 

previously constructed for the particular sugar under ex­

amination. AlI solutions were prepared in triplicate to 

minimize experlmental errors. 



(3) Starch determlnatlon 

The mlcro-quantltatlve method for starch determinatlon 

of Carter and Neubert (1954) was fo11owed. S1ight modiflcatlons 

were made wherever they were found most suitab1e for the pre-

sent determlnatlon. 

a. Reagents 

7.8 N perch10rlc acld prepared from 72% perch10ric acld, 

'Baker Ana1yzed' Reagent, F.W. 100.46. 

5% potasslum lodlde. 

0.01 N potasslum lodate. 

0.16 N sodlum thiosu1fate. 

b. Procedures 

The damp a1coho1-lnso1ub1e residue in the filter"after 

the sugar extractlon was p1aced in the porcelain evaporat­

lng dlsh and drled ln the oven at 100oC. overn1ght untl1 the 

welght was constant. Then, thls dry residue was weighed and 

ground ln a Swlss DFH 48 Cu1attl grlnder vith fine meshes to 

a very fine powder. Thls powdered residue was bott1ed and 

1abel1ed for ana1ysis. 

About 0.5-1.0 gm. of the dry ground powder was welghed 

into a 100 ml. beaker contalning 4 ml. of distilled water, 

and 20 ml. of 7.8 N perch10rlc acid (HCI04) (1 and 7)* were 

added by a syrlnge with rapld initlal stirring to avoid hlgh 

*1 to 7: Notes regarding technlques can be found in the 
chapter, Techniques, An Investigation and Appraisal. 
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acid concentrations. Digestion was allowed to proceed for 

five to ten minutes at room temperature (2), in which the 

starch in all samples was completely dispersed with maximum 

development of color. The mixture was th en diluted with dis­

tilled water so as to retard hydrolysis and eliminate the 

neutralization step (Nielsen ~ ~., 1945), and filtered 

through Whatman No. 1 filter paper (3). Thorough washings 

of the residue withdistilled water were made to get all 

starch particles down to the filtrate. Thereafter, the 

filtrate was transferred to a 250 ml. volumetrie flask and 

made up to the mark (4). 

In order to obtain fractional transmittance values 

between 20% and 80,%, aliquots of different volumes, 5, 10 

and 20 ml. etc. (S) from the 250 volumetrie flask were trans­

ferred to several 100 volumetrie flasks. To each flask, 1 

ml. each of 5% potassium iodide and 0.01 N potassium iodate 

was added and five minutes was allowed to permit the iodlne 

and starch to react. The solution was mixed by shaking 

vlgorously and made up to 100 ml. with distilled water. 

The fractional transmittance was read at 620 mp of the red 

fllter in a Coleman Junior Spectrophotometer. With standard 

cuvettes, the instrument was set at 100% transmittance with 

a blank prepared from the same aliquot of starch and re­

agents as the sample and 2 drops of 0.16 N sodium thiosulfate 

(6) were added to remove the starch-iodine color, which 

ranged from light yellow to dark green, depending on the 



concentration. Of the different mixtures in different 100 

ml. volumetric flask, only the one with a transmittance 

between 20% and 80% was chosen for the results. Each sample 

was made in triplicate. The percentage of starch in fresh 

apples was calculated from a standard curve prepared by 

using pure potato starch powder which was shown to have 

approximately the same amylose-amyropectin ratio as in 

Mclntosh apple starch (Poapst II !l., 1959). 

To make the standard curve, the fractional transmittance 

values were determined from a digest of 0.25 gm. of pure 

potato starch powder with 4 ml. of distilled water and 20 

ml. of 7.8 N perchloric acid for five to ten minutes. The 

digest was diluted and transferred to a 250 ml. volumetric 

flask. Different aliquots (0.5, 1.0, 1.5, 5.0, 10.0 ml., 

etc.) of starch content were transferred to 100 ml. volu­

metric flasks, l ml. each of potassium iodide and potassium 

iodate reagents, was addedas in the above procedure and 

transmittance readings taken. This method was proved to be 

rapid, efficient, economical and accurate at micro-levels. 

Large numbers of samples could be processed within a short 

period without tedious operations. 



B. Results and Discussion 

The pattern of variation in periods from early fruit growth to 
maturation during years 1968 and 1969 

(1) Results 

By using the solvent system, butanone-glacial acetic 

acid-water saturated with boric acid (9:l:l/v:v:v) and the de-
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tecting reagents as described in Materlals and Methods, sorbitol, 

fructose, glucose, sucrose and raffinose were revealed on the 

same chromatogram in an order of decreasing Rg* values of 4.08, 

1.75, 1.00, 0.50 and 0.10, respectively. Paired T-test for paired 

variates were performed for comparing the results obtained in 

sample-groups l and II for the year 1968 and the same was under­

taken for the two groups in 1969. Another two sets of paired 

T-tests were used to compare the results in sample-group l of 

1968 and 1969, and in sample-group II of these two years. AlI 

these paired T-tests were computed by the computer programmed in 

the formula specifically for two sets of paired values, as the 

samples from these two sample-groups were originally set up for 

paired comparison. The observed T values (see Appendix for com­

puting samples) for aIl these compounds, namely, sorbitol, fructose, 

glucose, sucrose, raffinose and starch in these two sample-groups 

of each year were shown to have no significant difference, in-

dicating a good correlation among these two groups and the validity 

*Rg=glucose (migration relative to glucose). 
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of the resu1ts of the statistica1 design for sample collection 

(see Samp1ing under Materia1s and Methods,and Whetter, 1962), 

and also the re1iability of the experimental techniques used for 

ana1yzing the various samp1es at different dates in the same 

season. A me an datum was then computed from results of these 

two samp1e-groups in each year and is presented in Table 1 and 

shown graphical1y in Figures 1 and 2 respective1y. 

a. Variation in 1968 

At the beginning of the season wh en fruits were about the 

size of peas and 1eave.s had not become fu11y developed, sorbitol 

content in the fruits was at highest concentration compared to 

the rest of the samp1es taken in the field. For the first two 

weeks after full b100m and when fruits were Just setting, sorbitol 

increased slightly and had its highest peak in mid-June at 5.38 

mg. per gm. fresh weight. Thereafter, when fruits grew rapidly 

and leaves became fully expanded, sorbitol decreased continuously. 

This trend was continued unti1 mid-August when sorbitol concentra­

tion reached the lowest point in the season at 1.23 mg. per gm. 

fresh weight, which was severa1 times lower than its initial con­

centration. However, when growth cessation had started and fruits 

were ripening, sorbitol content in the fruits rose slight1y and 

remained at a rather constant 1evel until the end of the season. 

Its concentration in the fruits at the time of harvest was lowered 

by two to three fold its initial amount when fruits were Just 

formed. 
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Table 1. Sorbitol, related sugars and starch in Malus fruits from ear1y fruit growth to 
maturation for years 1968 and 1969 (mg./gm. fresh weight, mean data) 

Samp1e no. __ Date _ Sorbitol Fructose Glucose 1-968- --- - --- ~- -------
1 6/6 4.36 7.24 1.88 
2 16/6 5.38 6.71 4.02 
3 26/6 2.75 18.47 1.31 
4 6/7 1.85 18.34 1.12 
5 16/7 2.85 24.97 1.77 
6 26/7 2.06 47.96 3.17 
7 5/8 1 .. 50 35.11 3.74 
8 15/8 1.23 38.87 3.49 
9 2518 2.09 40.95 3.22 

10 4/9 1.50 40.21 3.97 
Il 14/9 1.83 49.60 0.72 

1969 
1 16/6 9.23 12.55 12.69 
2 26/6 5.34 16.84 13.00 
3 6/7 6.42 18.42 18.17 
4 16/7 6.50 32.13 33.25 
5 26/7 6.44 26.63 24.63 
6 5/8 4.66 42.63 23.63 
7 15/8 6.32 29.38 29.00 
8 25/8 4.22 28.75 ~5.00 
9 4/9 5.60 44.25 2.63 

10 14/9 5.35 48.00 40.00 
Il 24/9 5.44 43.75 37.75 

*Reduc~ng sugars. Fructose and Glucose. 
**Total-sugarsl Fructose, Glucose, Sucrose and Baffinose. 
***Tota1 carbohydrates, starch exc1uded. Sorbitol, Fructose, Glucose, Sucrose and 

Raffinose. 

Sucrose 

0.72 
1.20 
0.54 
0.91 
1.86 
1.87 
1.49 
1.20 
0.88 
0.71 
0.27 

1.02 
1.09 
1.30 
1.60 
1.60 
2.38 
2.78 
2.13 
3.19 
4.82 
3.16 

0'. 
ex> 
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Table l (continued). 

Rafflnose Staroh Reduolpg sugars* Total sugars** Total carbohydrates*** 

0.77 
0.21 
0.25 
0.07 
0.00 
0.08 
0.41 
0.11 
0.19 
0.25 
0.34 

0.92 
1.21 
1.25 
2.75 
1.51 
1.37 
1.66 
1.03 
2.35 
0.94 
0.69 

0.20 
0.26 
0.23 
2.35 
8.01 
5.86 
5.83 
8.80 
7.25 
4.50 
3.69 

0.12 
0.01 
0.92 
3.31 
9.36 
9.72 

10.20 
8.39 
7.31 
4.06 
0.55 

9.12 
10.72 
19.78 
19.45 
26.73 
51.13 
38.85 
42.36 
44.16 
44.18 
50.32 

25.24 
29.84 
36.59 
65.38 
51.25 
66.25 
58.38 
63.75 
86.88 
88.00 
81.50 

10.61 
12.13 
20.56 
20.42 
28.59 
53.07 
40.74 
43.66 
45.23 
45.14 
50.93 

27.17 
32.13 
39.13 
69.72 
54.35 
70.00 
62.81 
66.91 
92.41 
91.76 
85.35 

14.96 
17.51 
23.30 
22.27 
31.38 
55.12 
42.24 
44.89 
47.32 
46.64 
52.76 

36.40 
37.47 
45.55 
76.22 
60.79 
74.66 
69.13 
71.13 
98.01 
97.10 
90.79 

~ 
ex> 
Pl 
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Figure 1. Variations of sorbitol and related carbohydrate 
contents in Malus fruits from early fruit 
growth to maturation in 1968. 
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Figure 2. Variations of sorbitol and related carbohydrate 
contents in Malus fruits from early fruit 
growth to maturation in 1969. 
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The appearance of fructose in this year followed an 

opposite direction of that of sorbitol. The overall picture 
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of its occurrence in the whole season showed a continuously 

prominent accumulation as the fruits grew in size. The increase 

of its content almost paralleled the increase of fruit size from 

fruit set to harvest. Opposite to the higher concentration 

sorbitol at the beginning of the season, fructose was present in 

a comparatively low content and the rate of accumulation also 

appeared to be slow. However, about a month after full bloom and 

when fruits were larger in size, fructose rose at a very rapid 

rate and the concentration at the end of June was many times that 

of the beginning. A prominent peak was reached by the end of 

July where its concentration 'was the second highest in the whole 

season, while at this time sorbitol content was observed to be 

very low. After this high peak, fructose declined slightly at 

the beginning of August, but its tendency to increase persisted. 

At the end of the season when fruits were ripened, its concentra­

tion again went up to a peak at 49.60 mg. 

In contrast to the picture of glucose accumulation in 

1969, the appearance of glucose in summer of 1968 showed a re­

latively low concentration throughout the growing periode Its 

behaviour at the beginning of the season resembled that of sor­

bitol in the initial small rise and then quickly dropped in con­

tent. Its concentration present in the fruits in the whole season 

was approximately equivalent to that of sorbitol, but unlike 

sorbitol, glucose tended to increase after the first month of 



72 

fruit growth. This increase is similar to that of fructose but 

at a very slow speed. However, this tendency persisted to al­

most the end of the season when fruits were ripened. Interest­

ingly, the very last decrease in glucose content was observed to 

match closely with the last rise of sorbitol and ~ructose. 

The content of sucrose fluctuated throughout the seaSOll. 

Its concentration was low by the end of the season and also at 

the beginning, and the high accumulation was observed during the 

active fruit growing period when sorbitol content was very low. 

Raffinose, the oligosaccharide present in the fruits, was in a 

very limited amount. Its highest concentration was found at the 

very beginning of the growing period when leaves had not fully 

developed and fruits were Just set. After the initial peak, it 

disappeared in the middle of the season and reappeared again in 

a relatively lower concentration than before. 

Starch appeared in fruits from the very time of their 

setting. The amount present initially was smaller than any of 

the aforesaid carbohydrate at that time. However, its content 

tended to increase rapidly as fruits grew larger. From June 26 

and on, starch accumulated in concentration at a very fast rate 

and a peak was arrived in mid-July. After this peak, its content 

subsided slightly and was present almost at a constant level for 

half a month before it rose again. A second peak which had the 

highest starch accumulation in the season was reached by August 

15 when fruits were very big. As growth cessation had started 

and fruits ripened, starch concentration declined gradually until 
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fruits were ready for harvest. However, its content at the last 

period of the season was still observed to be many times or its 

initial concentration when fruits had Just formed. 

b. Variation in 1969 

The results ~f the year 1969 are presented in Ta~e 1 

and Figure 2. Each datum represents an average of two sample­

groups. 

By examining the results of these two years 1968 and 

1969 it was found that the picture of the variations of the 

carbohydrate constituents essentially resembled each other. How­

ever, the concentrations of aIl the carbohydrates in 1969 general­

ly exceeded those in the previous year with the exception of fruc­

tose. T-test results showed that significant differences ex1sted 

between the same sample-group at different years for most of aIl 

the compounds under investigation. 

Until June, the cold weather in this spring cont1nued 

and the time for fruit setting was delayed accordingly. Although 

the date for full bloom was almost the same as that in 1968 at 

the end of May, sampling was not started until the middle of 

June. Fruits were collected starting on June 16, 1969, ten days 

later than the previous year; however, the size of the fruits at 

the first sampling date was the same like peas as it was in 1968. 

At the beginning of the season, unlike the picture of 

small in1tial rise in 1968, the concentration of sorbitol in 

fruits tended to decrease sharply after the f1rst sample in mid­

June. After this decline, 1ts content rose s11ghtly and in the 
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month of July when fruit growth was at its peak, sorbitol stayed 

at an almost constant level and the concentration at this time 

almost doubled its content in 1968 at the same periode After 

the fall in early August, sorbitol rose to a level equivalent 

to that in July and th en decreased again. After reaching the 

lowest value at the end of August, it rose and stayed once more 

at a constant level until fruits were harvested. This slight 

increase at the end resembled the same trend in 1968. When com­

paring the results of these two years, it was found that fruits 

in both years had relatively low sorbitol content in August and 

the lowest sorbitol content in these two years was consistently 

found in periods when fruits were growing in size and weight; 

highest concentration was observed_at the beginning of the season 

when fruits were small and leaves had not fully developed. How­

ever, sorbitol in 1969 was generally in excess of that in 1968 

by twice the amount. 

When fruits were small, the content of fructose in them 

exceeded that in fruits of 1968 (see Table 1). While the overall 

picture of fructose in 1968 was a graduaI rise, the occurrence 

of this reducing sugar in 1969 fluctuated throughout the season. 

There were three peaks of fructose accumulation this year and 

the first peak was observed in mid-July when fruits were rapidly 

gaining in size. Following a decline at the end of JUly, the 

second peak was reached in early August. Thereafter, when growth 

became slow, fructose content dropped in the month of August. 

The third peak was observed in mid-September when fruits were 
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ripened, and this accumulation was the highest during the whole 

season. This late accumulation at the end of season, like that 

in fruits of 1968, exceeded by four to five tlmes its initial 

concentration when fruits were small. 

It is interesting to examine the glucose concentrations 

(Table 1) in these two years. A large difference was obtained 

in concentration when these two years were compared. In 1969, 

the concentration of glucose followed closely to that of fructose 

and was the second largest carbohydrates in the fruits, while 

the glucose content in 1968 was found only comparable to that of 

sorbitol. However, it was noticed that the trend of glucose 

accumulation in these two years after the first month was essen­

tially the same, though a much slower rate was observed in 1968. 

In contrast to the behaviour of sucrose in fruits of 

1968, the occurrence of this disaccharide in th5 year tended to 

increase in concentration with the increase of fruit size. 

Similar to that of fructose and glucose, its accumulation at the 

end of the season was higher than the initial concentration. 

Similarly, raffinose content in fruits of this year was also 

found higher than that in 1968. While it was found absent or at 

a very low concentration during the active growing period of 

1968, raffinose was present in I~onsiderable amount in this period 

of this year, with peaks both on July 16 and September 4. 

The pattern of starch variations was found similar to 

that of 1968. The initial concentration was very low as before 

and it gained in bulk rapidly as fruit grew in size. High starch 

concentration was found aIl through the active growing period to 
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that of growth cessation, starting by the end of July to early 

Septemoer. After the highest accumulation in mid~August, starch 

decreased gradually up to the end of the season. A bell-shaped 

curve was obtained for its variation in this year. 

The appearance of total carbohydrate content in 1969 

was generally h1gher than that in 1968. However, this total 

carbohydrate concentration in these two years was controlled 

largely by the two reducing sugars, namely fructose and glucose. 

Fructose was found to be the largest single carbohydrate present 

in the fruits throughout the whole season in both years, and 

raffinose was the least. 

(2) Discussion 

The metabolism of sorbitol in fruits during their grow-

1ng period has been studied by Donen (1939), who observed that 

during the growth of the Kelsey plums, sorbitol maintained a 

constant increase, that a peak of accumulation of this sugar 

alcohol was found at the time when stone growth had terminated 

and when the maximal reducing sugars began to level off. This 

worker thus suggested that, during fruit growth, sorbitol served 

as a reserve pool for reducing sugars when they had reached a 

maximum. Rees and Reynolds (1958) found that, during the growth 

of Victoria plums, sorbitol was present at a seemingly constant 

level throughout the growth period. Stoll (1968), using a 

sensitive thin layer chromatography technique in his study of 

sorbitol in pear and apple fruits, found that the increase in 
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sorbitol content of Cox's Orange Pippin apples, and Nordhauser 

Winterforelle pears on the tree, nearly paralleled their in­

crease in size. With Rising Summer pears, the accumulation of 

this sugar alcohol, with progressive fruit development on the 

tree, was much less than that of sugars, so that the sorbitol 

content decreased up to harvest. Taper and Liu (1969) reported 

that, in their Mclntoshapples, sorbitol was the least abundant 

ethanol-soluble constituent, whereas fructose was the most abun­

dant carbohydrate present. However, on the other hand, sorbitol 

was found as the major carbohydrate in the leaves. Contrary to 

its progressive increase in the leâf tissues, there was a progres­

sive decline in sorbitol concentration in the growing fruits. 

By comparing the present results during two years with 

those obtained by the aforesaid researchers, it appears that the 

pattern shown by the data (Table 1) can hardly be in full agree­

ment with that ofDone~, Reesand Reynolds, nor part of Stoll. 

However, the present data support those of Taper and Liu (1969) 

in that a progressive decline of sorbitol was observed in the 

growing fruits, starting from the beginning of the season, and 

up to the period of growth cessation in late August. This gra­

duaI decline was more marked during 1968 than that in 1969. 

Incidentally, this decline of sorbitol was also observed in the 

Rising Summer pears by Stoll (1968). The -present data show that 

the occurrence of sorbitol in fruits at the beginning of the 

season, when leaves have not become fully expanded, was marked 

by a higher concentration than in subsequent samples in the 



78 

season; and this was consistent for the years 1968 and 1969. 

When one refers to previous reports, one notices that it has 

been usually reported that leaves of apple, not the fruits, con­

tain the largest amount of sorbitol (Williams, 1966; Taper and 

Liu, 1969). Hutchinson ~~. (1959) noticed that when D-glucose­

c14 or c1402 was incorporated into the metabolizing apple leaf 

disks, large amount of D-gluCitol-c14 was formed. When 

D-glucitol-l-c14 was supplied, the highest proportion of radio­

activity was again detected in the compound D-gluCitOl-c14, and, 

therefore, they stated that D-glucitol (sorbitol) was the largest 

single ethanol-soluble carbohydrate fraction in the metabolizing 

leaf disks. The study of Whetter and Taper (1963) also confirmed 

that in apple leaves sorbitol content was invariably in excess 

of glucose and sucrose. Therefore, in summing up these studies, 

one concludes that sorbitol is formed rapidly in the metabolizing 

leaves, and it is supplied continuously to the fruits for their 

development. But this production of sorbitol in the leaves at 

the beginning of the season, as viewed from the data of Taper and 

Liu (1969), is relatively low, and its supply to the fruits is 

presumably at a small rate. Thus, when the initial concentration 

of sorbitol in fruits in the present results is observed at a 

high level (Table 1), it appears that this sorbitol may not have 

come solely from the leaves, but also from the buds as weIl as 

the phloem. Whetter and Taper (1963) found sorbitol in dormant 

winter buds where it remained at a relatively constant level 

prior to the occurrence of leaf expansion and photosynthes1s. 
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Eaton (1949) found a sorbitol concentration of 0.5% fresh weight 

in one-year-old apple shoots in the spring, while Bradfield and 

Flood (1950) found sorbitol present in dormant apple shoots. 

Sakai (1961, 1966) reported that, in winter, the dormant tWig 

bark of apple and other fruit trees contained four times as 

much sorbitol and mannitol as it had in August, and thus he re­

lated this occurrence to a high polysaccharide content in the 

phloem, and, accordingly, the degree of frost-hardiness shotm 

by the tree. Bieleski (1969) found that sorbitol was quickly 

translocated from the phloem to the active growing points in the 

plant for utllization. It appears, therefore, that the high 

level of sorbitol in these small green fruits accumulated from 

aIl these sources before most of the leaves had fully expanded, 

as shown by the present results, is a normal physlological 

phenomenon. As soon as the leaves become fully developed, and 

the temperature becomes warmer, leaves are producing photo­

synthate in large amount to supply food materials for the various 

physlo1ogical demands in the tree for energy, especially for 

the growth of the fruits. Since fruits are growing at a tre­

mendously fast rate at this time, and there is high energy de­

mand by the respiratory and other metabolic activities, the 

demand for sorbitol as a source of energy increases, and the 

concentration of this sugar alcohol is accordingly reduced in 

the fruits. This decline persists throughout the whole active 

fruit growing period, from mid-June to mid-August, until 

cessation of growth starts in leaves. After the lowest 
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concentration 1s atta1ned on August 15 and 25 in 1968 and 1969 

respect1vely, sorbitol beg1ns to r1se. As leaves become mature 

and fruit growth 1s slowed down at th1s t1me, the requ1rements 

for carbohydrates from these tissues are gradually reduced. To­

gether w1th the decreas1ng ut1l1zat1on of sugar in other organs 

in respiration and other metabol1c act1v1t1es, sorb1to~reduc1ng 

sugars, and hence total carbohydrate contents tend to 1ncrease. 

However, th1s 1ncrease, in the case of sorbitol, 1s only very 

sl1ght, because partly 1t 1s be1ng cont1nuously converted to 

other sugars, and partly consumed in the metabolic activities of 

the fruits, wh1ch continue to grow up to October, although at 

a very slow rate. Nevertheless, the slow1ng down of fruit growth 

in September g1ves the leaves, which have stopped growth, a chance 

to accumulate the products of their own photosynthes1s, and hence 

a h1gh sorbitol content 1s usually observed in mature Malus 

leaves (Williams, 1966; Taper and Liu, 1969). 

In compar1ng the decrease of sorbitol in the fruits shown 

by the present data w1th that of Taper and Liu (1969), 1t is 

noticed that the present decline is not as consistent and con­

tinuous as reported by these researchers, who found that sorbitol 

decreased up to harvest from 7.28 to 6.02 mg./gm. After 1ts low 

level in the active growing period, sorbitol in the present data 

is observed to rise, and this slight increase appears to remain 

at a fairly constant level at the time of harvest. The differ­

ence in these two stud1es may stem largely from the intervals 

between sampling data. While the present study provides short 

intervals (10 days) for each sampling date aIl through the 
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season, Taper and Liu sampled only at monthly intervals. Since 

the changes of these compounds, namely, sorbi~ol and other 

carbohydrates, in the plant occur usually in days or even hours, 

long intervals for sampling often result in distorting the true 

picture of these fluctuations as they occur between the consecu-
1 

tive sampling dates, particularly in the months of July and 

August when fruits are gaining in size at a rapid rate. Being 

at a closer interval of sampling" the present data appear to 

supplement the missing picture of sorbitol occurrence in that 

of the aforesaid workers, and more fluctuation of this sugar 

alcohol is observed. 

At the beginning of the season when leaves have not fully 

developed and photosynthesis in the leaves has not reached a 

maximum, the appearance of other sugars in the fruits is low. 

However, after about a month's growth, maximum photosynthesis 

results in a rapid accumulation of photosynthate, especially in 

the form of fructose, which is found as the first product of 

photosynthesis (Calvin, 1962), and the most abundant carbohydrate 

in the fruits (Taper and Liu, 1969). Hulme (1958), in his 

collective review of fruit research, summarized that during 

fruit growth, fructose is the most prominent sugar except during 

the first few weeks of the development, and glucose is in excess 

of sucrose. This finding coincides very weIl with the picture 

of fructose occurrence in the present data and also that of 

Taper and Liu (1969). Hulme continued that after the fruits were 

removed from the trees and placed in storage at various temperaturee 



fructose remained the most abundant sugar and the total sugar 

content lncreased steadily up to, and indeed rather beyond, 

the time at which the fruit was harvested commercially. This 

is again in agreement with the present results in which the 

high accumulation of fructose from the period of growth and 

maturation continues, together with glucose, wh en fruits are 

stored inside refrigerated storage (see variation of carbo­

hydrates in refrigerated storage). 
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Sorbitol has been shown to be used as a source of energy 

by higher animaIs, and when it was administered to dogs and 

rabbits,a large amount of fructose is seen to appear and in~ 

crease in the blood stream (Seebe~~t ~., 1955). An inter­

conversion between these two carbohydrates has been demonstrated 

by Blakley (1951) and Touster and Shaw (1962); and their relation­

ship has also been elaborated in fruits (Martin, 1937; Donen, 

1939; Kidd ~ al., 1940; Rees and Reynolds; Taper and Liu, 1969). 

Since fructose has been reported as the least abundant carbo­

hydrate in apple leaves (Taper and Liu, 1969) whereas sorbitol 

is the most abundant ethanol-soluble constituent present 

(Williams, 1966; Taper and Liu, 1969), it appears that the oc­

currence of these two compounds in these leaves does not echo 

the findings of Calvin (1962) who found that fructosle was the 

first product of photosynthesis. A conversion, therefore, must 

have taken place in the leaves, in which fructose is converted 

to sorbitol, leaving its amount at a minimum. Using labelled 

carbons, Anderson et gl. (1962) demonstrated that during 
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photosynthesis in plum leaves, no net synthesis of sorbitol 

occurred at first, yet this sugar alcohol was rapidly equili­

brated with the primary products of photosynthesis, 15% was 

newly synthesized from c14-labelled precursors i~ three hours. 

Thus, apparently, fructose is converted to sorbitol at a 

similarly rapid rate in apple leaves, and sorbitol is found as 

the largest carbohydrate constituent in these tissues. However, 

this sorbitol is also continuously transported out into the 

fruits (Williams, 1965), by way of an active process (Bieleski, 

1969). After this compound has reached the fruits, this fruc­

tose-to-sorbitol pathway quickly operates in an opposite direc-

tion where sorbitol is rap1dly reconverted to fructose, as weIl 

as glucose. These reducing sugars are gradually built up in 

the fruit tissues, which is reflected in their continuaI rise 

in concentrations throughout the whole growing periode 

The glucose content in fruits of both years 1968 and 

1969 tends to increase as fruits grow in size, though this ten­

dency is shown more obviously in year 1969 (see Table land 

Figures land 2). Archbold (1932) and Krotkov and Helson (1946), 

in their study of the changes of sugars during growth of apples, 

showed that fructose and glucose contents increased in the 

growing periode This increase was at first rapid, and then 

slowed down. Following a rapid increase in the first few weeks, 

glucose content became practically constant for a prolonged 

period while fructose kept on increasing. The results shown in 

the present data for the year 1968 agree with their findings 
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wh11e 1n the year 1969 the 1ncrease of glucose 1s matched closely 

w1th that of fructose; and 1nc1dentally,th1s ls s1m11ar to the 

pattern reported by Taper and L1u (1969). 

It has been shown 1n an1mal t1ssues that fructose formed 

glucose more rap1dly than d1d sorb1tol (Kreb and Lund, 1966). 

When sorb1tol 1s ox1d1zed to fructose 1n rat 11ver t1ssues, th1s 

reduc1ng sugar was subsequently transformed 1nto glucose; howevçr, 

th1s transformat10n proceeded so rap1dly that 1t appeared that 

sorb1tol was d1rectly converted 1nto glucose w1thout the 1nter­

med1ate of fructose, because only very small amount of fructose 

was formed at the same t1me, and not much change was observed 

1n 1ts concentrat10n (Blakley, 1951). Altermatt and Ne1sh 

(1956) had suggested that 1n wheat plants, ox1dat10n of sorb1tol 

to fructose was the f1rst step 1n 1ts convers10n to glucose, and 

th1s ox1dat10n proceeded only 1n the presence of a polyol de­

hydrogenase, probab1y sorb1tol dehydrogenase. S1nce th1s enzyme 

has been found widely 1n Rosaceae plants (Touster and Shaw, 1962), 

this sorbitol-fructose-glucose convers10n presumably also takes 

place 1n a s1m11ar way in Malus. The general accumulation of 

this reducing sugar, glucose, in apple fru1ts is probably re­

sulted from this sorbitol transformation, by way of fructose, 

and this react10n proceeds so rapidly that the concentration of 

the ketose 1s not affected. 

However, direct sorb1tol-glucose convers10n 1s probably 

also tak1ng place at the same time. In the study to 1nvest1gate 

the poss1bi11ty of the ready interconversion of D-glucose and 

D-glucitol 1n plum leaves, Anderson ~~. (1962) demonstrated 
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a rapid synthesis of D-glucitol from D-glucose, and the labelling 

patterns obtained showed that this convers1on probably occurred 

without rup~ure of the carbon chain. Keep1ng in mind this evi­

dence and noting the results of Hutchinson ~~. (1959), who 

showed that largest proportion of radioactivity was detected in 

D-gluCitol-c14 when D-glucose-l-C14 was incorporated into the 

metabolizing apple leaf disks, Whetter and Taper (1963) were 

mot1vated to demonstrate in their exper1ment that sorbitol was 

found in disks fed glucose-cl4 and glucose in those fed sorbitol­

c14• These researchers,therefore,proposed that these two com­

pounds, glucose and sorbitol, are readily interconvertible. 

Although this interconvers1on is presumably proceeding in aIl 

stages of fruit growth, it 1s not usùally susceptible to detect-

ion directly because of the complicated interrelating carbo­

hydrate metabolism; however, a slight opposite variation of 

these two compounds is shown in the fruits at the beginning and 

at the end of the growing season, notably 1n 1969. 

Rees and Reynolds (1958) showed in their study of 

Victoria plums that sucrose was absent up to the ripe stage, 

and glucose was more abundant than fructose. After that, sucrose 

appeared and increased rap1dly while glucose and fructose con-

tents tended to slightly level off. Although the concentration 

of sucrose found in the fruits in the present results 1s at a 

relatively low level compared w1th that of the reduc1ng sugars, 

1t does not disappear from the fruits during the growing period; 

but 1nstead, slight 1ncrease in the active fruit growing period 
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is observed, although a drop is subsequently found at time of 

harvest. Martin (1937) related the increase of fructose and 

glucose and .. the decrease of sucrose in pears as the hydrolysis 

of the latter to the former~ While this may explain partly the 

general low sucrose content shown by the present data, some 

other unknown reasons must be involved, and the conversion of 

this sucrose to other low oligosaccharides may be one of them 

(Lopatecki, 1962). Hulme (1950, 1954) suggested that in apple. 

changes in starch and in sucrose were regarded as being linked 

processes. This suggestion is~in agreement with the study of 

Kursanov and Pavlinova (1950), who demonstrated by vacuum in­

filtration experiments that starch was one of the nearest pre­

cursors of sucrose in plants. However, this starch-sucrose 

linkage is not obviously shown by the present data except to 

a slight extent at the time of fruit ripening in year 1969, when 

the drop of starch was coupled with the rise of sucrose; this may 

probably be attributable to the hydrolysis of starch to the 

latter. Nevertheless, as viewed from the present data, the oc­

currence of sucrose in the fruits is probably more related to 

the reducing sugars than to other carbohydrates, because fructose 

and glucose have also been demonstrated as precursors of sucrose 

(Kursanov and Pavlinova, 1950; Axelrod and Seegmiller, 1954; 

Alexander, 1964), and also, their relationship has been elaborat­

ed by many researchers as being important in the metabolism of 

fruits (Martin, 1937; Rees and Reynolds, 1958). 
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Although the graduaI drop of sucrose in the year 1968, 

during fruit ripening, and its sudden drop in year 1969 at 

harvest, may have resulted from its conversion to other carbo­

hydrates; yet, the translocation of this disaccharide, together 

with leaf sucrose, to the phloem is also possible and probable. 

In the phloem, sucrose has often been regarded as one of the 

main translocates (Kursanov ~ ~., 1958; Swanson, 1959; Webb 

and Burley, 1962; Hartt ~ !l., 1963), Mason and Maske1l (cited 

by Kursanov, 1963) found that in cotton, up to 90% of the as­

similates in the phloem flow was sucrose and this sucrose was 

translocated in the plant from the leaves. Sakai (1966) found 

that sucrose in the twig barks of fruit trees, along with glu~ 

cose, was more effective in protecting fruit trees from frost 

in jury than was raffinose, and this sucrose must have come from 

the metabolic sinks in the plant. These flndings seem to support 

the above suggestion to a certain extent. 

The presence of raffinose in the fruits in detectable 

amounts is found surprising, since it normally is present on1y 

in trace quantities. This oligosaccharide has been found in 

appreciable quantities in dormant shoots of apple (Bradfield and 

Flood, 1950), in leaves and dormant buds of Malus (Whetter 

and Taper, 1963), and fruit tWig bark in winter (Sakai, 1966). 

Whetter and Taper (1963) found that raffinose was only present 

in dormant and developing buds, and again in the leaves from 

August to October, when lt was probably produced for transloca­

tion to the stems. The highest quantities of raffinose were 
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found in the dormant leaf buds, and in the leaves immediately 

prior to leaf fall. The findings of the aforesaid researchers 

seem to agree to a point that th1s oligosaccharide is mainly 

present in dormant or mature tissues, and its function appears 

to be a winter storage sugar in the plant more than anyth1ng 

else. Lopatecki (1962) showed that the lower oligosacchar1des 

could be experimentally formed by the action of wheat invertase 

on an excess of sucrose. Since only raffinose was detected in 

the present study, but not other lower oligosaccharides; and the 

amount of sucrose present in the fruits appears not too much 

different from that of raffinose; moreover, the variations of 

raffinose and sucrose in the fruit growing season are found 

following each other, this conversion of sucrose to other oligo­

saccharides appears not to be possible. However, the generally 

low content or occasional absence of raffinose during the active 

growing period agrees in part with the findings of Whetter and 

Taper (1963) and Sakai (1966) that it is not usually present in 

active tissues. 

In the study of the carbohydrate metabolism of Mclntosh 

apples, Krotkov and Helson (1946) found that starch appeared in 

apple fruits from the very time of their setting. The amounts 

present initially were small, and they were declining during the 

first few weeks, but, starting from mid-June, starch in the 

fruits began to accumulate, reaching a peak by August. Having 

reached its peak, it began to subside, and the last traces of it 

were gone in stored fruits by the end of October or mid-October 
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in the respective two years of study. Poapst ~~. (1959), in 

their study of the relation of maturation of Mclntosh apples to 

starch loss and abscission, found that starch content and ab­

scission were associated closely, and this association varied 

with the seasonal temperatures. Starch was found declining pro­

gressively in a linear manner during the latter stages of growth 

and it was observed disappearing from fruits in storage before 

November. The occurrence of starch in the present data coincides 

very weIl with the finding of Krotkov and Helson in that starch 

content increases after a few weeks of fruit growth and decreases 

at the end of the growing periode The initial rapid increase of 

starch is observed following the same increase of reducing sugars 

and the decline of sorbitol, indicating some conversions may 

have taken place. The decline at the end of the growing period 

before harvest is also similar to that of the results of Poapst 

and his co-workers, and that of Liu (1967) who demonstrated in 

Malus fruits a same decline of starch in September. However, this 

decline of starch before harvest is found tc·be coincidental to 

a rise of sucrose content, which has been discussed previously 

as being attributable to the hydrolysis of the former to the 

latter. 

Sorbitol has been shown to be utilized in polysaccharide 

synthesis, and in converting to starch in detached leaves of 

Rosaceae (Treboux, 1909; Steele, 1934). It is found torbe 

utilized in the biosynthesis of cell wall carbohydrates, namely, 

cellulose and xylan, in wheat plants after splitting of the 
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carbon chain (Brown and Neish, 1954; Altermatt and Neish, 1956). 

Further, Anderson ~~. (1962) explained that,higher proportion 

of c14 was ineorporated in the light than in the dark from D­

glucitol (sorbitol) into alcohol-insoluble materials found in 

their experiment, .as probably due to the equilibration of D­

glucitol with ~glueose or other possible intermediates in poly­

saccharide synthesis, especially starch, the synthesis of which 

was favoured in the light. The opposite variation of sorbitol 

and starch during the active fruit growing period in the present 

results appears to support the feasibility of this conversion. 

The pattern of variation in refrigerated storage immediately 
after harvest to 1ate spring 

(1) Results 

Seleeted fruits used for analysis were moved into re­

frigerated storage at 320 F. together with other fruits on 

September 22, 1969. Sampling was undertaken in the same way 

as the field samples, as described in Materials and Methods. 

The same carbohydrate pattern detected before was obtained on 

the chromatogram. Paired T-test was also performed for results 

from the two sample-groups and the observed values for these two 

groups were round to be not significantly different. Thereby, 

a mean datum from these two groups was computed and it is pre-

sented in Table 2 and also in Figure 3. 

The variations of these carbohydrates, namely, sorbitol, 

fructose, glucose, sucrose, raffinose, and starch in fruits in 
o storage at 32 F. eould be divided into five stages according to 
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Table 2. Sorbitol and related compounds in Malus fruits from harvest to 1ate spring in 
refrigerated storage (mg./gm. fresh weight, mean data) 

Date Sorbitol Fructose Glucose Sucrose Baffinose 

1968-1969 

25/9 1.63 43.35 17.54 0.64 0.42 
5/10 2.24 42.60 23.15 0.5 0.70 

15/10 3.78 19.59 56.78 1.96 1.16 
25/10 2.11 54.08 29.95 2.16 0.67 
4/11 2.63 49.85 24.95 1.53 0.5a 14/11 0.67 60.90 9.70 0.90 0.2 

24/11 2.22 72.64 6.36 0.55 0.44 
4/12 2.31 39.82 47.69 2.23 0.39 

14/12 2.87 34.75 49.91 2.32 0.26 
24/12 4.56 29.84 72.38 5.73 4.04 
3/1 4.26 70.00 31.63 3.69 2.03 

13/1 4.26 78.75 26.00 7.13 1.78 
23/1 4.13 58.13 34.38 4.82 0.72 
2/2 4.01 65.63 27.38 5.13 0.41 

12/2 4.00 62.50 30.57 2.19 0.44 
22/2 3.82 80.00 20.88 3.10 0.43 
4/3 5.25 79.38 38.75 8.35 0.50 

14/3 4.1~ 68.75 37.00 3.69 0.35 
24/3 4.9 82.50 29.63 5.38 0.47 
3/4 5.82 65.00 31.50 6.10 0.41 

13/4 4.44 68.13 36.50 7.22 0.75 
23/4 5.05 24.50 54.84 7.25 2.09 
3/5 5.71 39.17 42.34 7.54 1.79 

*See footnotes under Table 1. 
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Table 2 (continued). 

Starch Reducing sugars* 

1.86 60.89 
0.31 65.75 
0.12 76.37 
0.09 84.02 
0.39 74.80 
0.06 70.60 
0.03 79.00 
0.00 87.51 
0.00 84.66 
0.00 102.21 
0.00 101.63 

104.75 
92.50 
93.00 
93.07 

100.88 
118.13 
105.75 
112.13 

96.50 
104.63 
79.34 
81.50 

Total sugars* 

61.97 
66.99 
79.49 
86.85 
76.87 
71.78 
79.99 
90.12 
87.20 

111.98 
107.35 
113.66 

98.88 
98.53 
95.69 

104.40 
126.97 
109.79 
117.97 
103.01 
112.60 

88.67 
90.83 

Total carbohydrates* 

63.60 
69.22 
83.27 
88.95 
79.50 
72.45 
82.21 
92.43 
90.10 

116.54 
111.60 
117.91 
103.01 
102.54 

99.69 
108.21 
131.91 
113.98 
122.91 
108.82 
117.04 

93.72 
96.54 
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their various fluctuations. The first three stages were largely 

the respective initial three months of storage, namely, 

October, November and December. The fourth stage started from 

the end of December to the middle of April in the spring. The 

last stage included the rest of the storage period from mid­

April to early May. 

For the first stage of fruit storage (Stage 1) which 

began by the end of September and ended in mid-October, the be­

haviour of sorbitol kept close pace with the fluctuations of the 

reducing sugars in the same way as it was in the field-sampled 

fruits. Its concentration rose gradually when fruits were just 

moved into storage until a small peak was observed in the middle 

of October. During this period, glucose, which had a comparative­

ly low concentration in the growing period, rapidly increased in 

the first few weeks of fruit storage. Similar to sorbitol, a 

peak was reached by October 15. At the same time, in contrast 

to its prominent concentration in fruits during periods of fruit 

growing and ripening, fructose fell significantly when fruits 

were first stored in the cold. A lowest concentration was ob­

served in mid-October when sorbitol and glucose at this time were 

present in high amounts. Notwithstanding the changes of the 

above carbohydrates, sucrose and raffinose remained at a very 

low level at this stage, but starch was observed to follow the 

fall of fructose closely and decreased sharply to almost a 

minimum. 
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The second stage (Stage 2) ranged from October 15 to 

November 24 when fruits were in the storage for about two months. 

After the initial rise, sorbitol content in the fruits decreased 

gradually and continuously, together with glucose. The decrease 

of glucose was very abrupt, and persisted until the end of 

November when a lowest value in the whole storage period was 

observed, at 6.36 mg. per gm. of fresh weight, which was about 

one-ninth of its concentration at the first peak. Sorbitol also 

reached its lowest point of 0.67 mg. per gm. fresh weight on 

November 14. However, the decline of these two carbohydrates 

was reflected in the continuous increase of fructose content. 

Regaining its previous strength at harvest time, fructose in­

creased at a very rapid rate after its initial fall in October, 

and quickly reached its high peak of 72.64 mg. per gm. on November 

24. Sucrose in this second stage increased slightly but subsided 

again, while raffinose was still present in very low amounts. 

Starch continued its decrease and the last traces were gone at 

the beginning of Decembel'. 

The third stage (Stage 3) included the period from 

November 24 to the end of December when fruits were matured 

sufficiently after three months of storage. Sorbitol was ob­

served at this time accumulating in concentration when fructose 

fel1 again. Glucose rose after the initial lowest point and 

rapidly attained its highest concentration at the end of this 

stage with a value of 72.38 mg. per gm. The fall in fructose 

content coincided with the increase of both sucrose and raffinose. 



Both of these carbohydrates reached their peaks the first time 

since fruits had been moved into storage. Starch disappeared 

in the fruit tissues on December 4, and no trace was detected 

after this date. 

The fourth storage stage (Stage 4) of fruits was from 
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the end of December to the middle of April, in which many of the 

fruits became soft and some of them began to go rotten. During 

this period, aIl the carbohydrates appeared to stay at a fairly 

constant level with fructose leading in concentration and glucose 

the second. Sorbitol was observed to stay at a seemingly constant 

level, this was more notable at the first half of this stage. 

However, in the second hal~ sorbitol fluctuated slightly but its 

concentration was found to reach a relatively high level compared 

to that of the prev10us three stages. Fructose, after the second 

fall in the third stage, began its rapid rise in January, to­

gether with a sharp decline in glucose concentration. After a 

peak in mid-January, fructose did not fall in the same way as 

before but stayed at a higher level than any other sugars for a 

period of more than three months, despite occasional slight ups 

and downs. On the other hand, glucose was present at a constant 

but relatively low concentration compared with fructose for the 

same duration of three months. The occasional fluctuation of 

this reducing sugar was found matching with fructose in an op­

posite direction. As for sucrose in this stage, it gradually in­

creased in concentration and small peaks were found at the be­

ginning of this stage and also on March 4. Its amount exceeded 
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its initial concentration in previous periods by many times and 

this tendency continued up to the end. Raffinose was observed 

to increase slightly at the start of this period but small 

amount was still found thereafter. 

The fifth stage of carbohydrate variation (Stage 5) in­

cluded the last three weeks of fruit storage in which most of 

the fruits were found rotten and soft. Sorbitol was observed 

slightly rising, and its concentration was found again higher 

than that in the previous stage. Together with the increase of 

sorbitol, fructose dropped sharply after more than three months 

of prominently high accumulation. Glucose was observed at this 

time to rise again and its concentration at the end of this stor­

age period exceeded that of fructose after a long period of stay­

ing behind. Sucrose kept on rising during the last few weeks 

in storage and raffinose also had a last upheaval after presence 

in limited concentration for a long time. 

Similar to that in the fruits in the field but more pro­

minent, the content of reducing sugars formed the main trunk 

of the carbohydrate in stored fruits, and the variations of aIl 

the carbohydrates appeared to follow closely to their changes. 

Fructose was found still as the most prominent carbohydrate in 

storage and glucose the second, while starch was observed to be 

the least. Sorbitol content in storage was approximately one­

twentieth of the average total sugar concentration. 

(2) Discussion 

It has been shown by many researchers that during fruit 

growth, fructose is the most abundant carbohydrate in the fruit 
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and glucose is in excess of sucrose (Krotkov and Helson, 1946; 

Hulme, 1958; Taper and Liu, 1966). This pattern has also been 

demonstrated in the results obtained from fruits taken in the 

field as described in the previous section. Further, it 1s 

generally recognized that when fruits are harvested and stored 

at various temperatures, the concentration of reducing sugars 

remains high, chiefly in the proportion of fructose. This pat­

tern again coincides with the present data obtained from fruits 

stored in refrigerated storage at 32oF. (see Table 2 and Figure 

3). Since sorbitol is the main carbohydrate studied in this 

project, efforts are made to relate the present results to other 

similar studies for a better elucidation of the importance of 

this sugar alcohol in the carbohydrate metabolism in stored 

fruits. 

The relationship of sorbitol and its related carbohydrates 

in stored fruits has been studied by many workers. Nuccorini 

(1932) found a decrease in sorbitol content when Sorb apples 

were detached from the tree; he then suggested that this decrease 

was due to the conversion of sorbitol to the reducing sugars, 

namely, fructose and glucose. Martin (1937) likewise showed a 

decline of sorbitol in Bosc pears during their after-storage 

ripening. This decrease was accompanied by an increase of 

fructose and sucrose concentrations. Prom these results, this 

worker suggested that the decline of sorbitol and the rise of 

sucrose was not a direct process, instead, sorbitol was first 

converted into glucose and fructose, and then sucrose was formed 
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by their subsequent transformation. Kidd ~ a1. (1940 ~ound in 

Conference pears stored at 100C. a marked decrease ~ a frac­

tion, 50% of which consisted of sorbitol, this .as accompanied 

by an equivalent rise of fructose, and they there~ore suggested 

that sorbitol was converted into this ketose in these ~ruits. 

Donen (1939) reported that though the sorbitol content in Kelaèy 

plums was in some instances, as much as 4.5%, it dec1ined 

rapidly in storage at l30 C. and 250 C. prior to the other sugars, 

and thus he referred to this loss as sorbito1 .as used as a 

source of energy utilized by the fruits for respiration. This 

suggestion was supported by the work of Nitsch (1953) who stressed 

the role of sorbitol as a respiratory substrate ~or ~its in 

storage. Stoll (1967b) found that the content of sorbitol in 

pears and apples decreased markedly during the first three months 

of ordinary cold storage at 4°C., followed by a s10. increase at 

the end. However, these changes were less marked when the 

storage atmosphere was modified by carbon dloxide. Again, Stoll 

(1968), in his third finding, reported that during storage, 

sorbitol in apples declined at the beginning and during the 

second month, however, its content rose afterwards at the ex­

pense of the carbohydrates. 

AlI these findings appear to come to a general conclu­

sion that sorbitol decreases in content when fruits are stored, 

and this decrease 1s closely related with the increase of other 

sugars, mainly fructose and glucose. It is shown in the present 

data (Table 2) that although sorbitol content does not decrease 
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significantly throughout the whole storage period, it does 

decline gradually in Stage 2 (see Results) in November, reaching 

its lowest point of 0.67 mg./gm. on November 14. This decrease 

is coupled with a rapid rise of fructose content. The occurrence 

of sorbitol at this stage agrees with most of the findings of the 

above researchers. However, apart from its subsequent decline 

as a respirable sugar, as was suggested by Martin (1937) and 

Nitsch (1953), this sugar alcohol rlses s11ghtly but continuously 

until the end of the storage period, from an initial concentra­

tion of 1.63 mg. to 5.71 mg./gm. at the end (see Table 2). This 

graduaI accumulation of sorbitol has come into general agreement 

with the data of Taper and Liu (1969) who observed an increase 

of this sugar alcohol, ranging from 8.39 to 9.66 mg./gm. fresh 

weight in mature fruits in storage from October to February. 

While the net increase shown by the present data is several times 

greater than theirs, the general sorbitol concentration is low 

when compared to their levels in the fruits. The present results 

also agree with those of Stoll (1967b) in having a rise of 

sorbitol in apple fruits toward the end of the storage periode 

However, the small variation in sorbitol content during the 

whole storage period, and its eventual accumulation in storage 

support the suggestion of Taper and Liu (1969) that it is a 

reserve carbohydrate in Malus fruits •. 

In agreement with the findings of Krotkov and Helson 

(1946) and Taper and Liu (1969), fructose, as shown by the pre­

sent results, forms the single largest carbohydrate in the 

stored fruits as it does in the growing fruits (see Table 1). 
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It accumulates in the fruit tissues as fruits become more and 

more mature in the storage (Table 2). Glucose, similar to its 

content in fruits on the tree, is the second sugar with res­

pect to content in the fruits during storage; and its general 

level of concentrations 1s close to that of fructose. These 

two reducing sugars are found fluctuating very much in the stored 

fruits, but it is interesting to note that their fluctuations 

are in an exactly opposite direction aIl through the whole stor­

age periode Although sorbitol has been shown to be interconvert­

ible with these two reducing sugars, its consistently low con­

centration does not seem to be associated in a particular 

interconversion with either of them; but in the course of the 

opposite variations of fructose and glucose, sorbitol appears to 

be in between their fluctuations. Since the conversion of these 

two reducing sugars to each other is not a direct process 

(Blakley, 1951; Hers, 1956, 1960), some intermediates must be 

involved, and sorbitol is the most suitable and the highly 

possible intermediate for this rapid transformation. Its role 

as being an intermediate for these reducing sugars can be seen 

from its general low concentration and almost constant level 

after the first three months of storage, particularly in Stage 

4 (see Results). During this stage, while fructose and glucose 

stay at opposite high and low levels for a long period without 

crossing each other as they do in the first three stages, 

sorbitol content a1so keeps at a simu1taneously constant 1evel 

for a1most three months. 



Although sorbitol keeps a low concentration in the 

fruits and its content appears at a slightly constant increase 

toward the end, it does vary slightly in Stages land 2 (see 

Figure 3, and Table 2), but this slight fluctuation is in 

exact direction with that of glucose and opposite to that of 

fructose; therefore, some side conversionsfrom either or both 
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of these two reducing sugars must also be taking place at the 

same time, which is also responsible for the subsequent accumula­

tion of sorbitol at the end. Sorbitol has been demonstrated"to 

interconvert with glucose (Anderson et al., 1962; Whetter and 

Taper, 1963), and with fructose (Blakley, 1951; Seeberg ~ !l., 

1955; Touster and Shaw, 1962), moreover, fructose is found by 

Kreb and Lund (1966) to form glucose more rapidly than any other 

substrates tested, including sorbitol. Hers (1960) showed that 

in animal tissues,the conversion of glucose to fructose requir­

ed the intermediate of sorbitol and the presence of various 

enzymes. This same mechanism probably also occurs in Malus 

tissues, because the enzymes responsible for this conversion 

have been found widely in the Rosaceae family (Touster and Shaw, 

1962). Sorbitol, therefore, found here as a storage compound 

at the end as shown by its eventual accumulation in concentra­

tion, appears also as an intermediate during the rapid inter­

conversion of fructose and glucose. A scheme of these inter­

conversions is proposed as in the following steps: 
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(accumulated) 
Sorbltol (3) Resplratlon 

rapld l rap1d 1 slow 
Fructose ;.=====~ .. Sorbltol (1):;:.====== Glucose 

Sucrose 
JI .. 
n 

other changes 

Il slow 

Sorbltol (2) 
(accumulated) 

At the tlme when fructose and glucose are lnterconverted 

wlth each other, the speed of these transformatlons ls so rapld 

that glucose appears to convert dlrectly to fructose or vlce 

versa wlthout the presence of sorbltol ln between, thls ls seen 

ln the sllght change of the sorbltol content and lts generally 

low concentratlon. However, durlng the course of these lnter-

converslons, as mentloned prevlously, some .slde converslons at 

a very slow speed, from elther of these reduclng sugars to sor­

bltol, probably chlefly from glucose, may take place, whlch ls 

the frequent occurrence ln a compllcated metabollsm, and sor­

bltol ls therefore sllghtly accumulated (sorbltol 2, see scheme 

above). Thls sllght accumulatlon of sorbltol may also have 

resulted from the posslblllty that the amount of sorbltol 

transformed from fructose ls not completely reconverted to 

glucose, leavlng a certaln quantlty of thls sugar alcohol to 

accumulate ln the frults (sorbltol 3, see scheme above). The 

reason for thls posslblllty can be attrlbuted to the fact that 

fructose content ls often at an excess of that of glucose~ and 

the amount decrease ls not entlrely colncldental with the same 

net increase of glucose content. Although part of the glucose 
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content is probably consumed in respiration, some other trans­

formations or conversions are also possibly involved, and the 

accumulation of sorbitol without further converting into glucose 

may be one of them. 

Glucose, being interconverted to fructose through sor­

bitol, is generally regarded as an energy substrate for fruit 

respiration. Kidd et al. (1940) suggested that a respiratory --
drain on the glucose units throughout, and a supplementary drain 

on fructose units during the post-climateric phase were mainly 

responsible for the carbohydrate change during storage of Con­

ference pears. Taper and Liu (1969) have shown that glucose 

decreases in stored fruits at 34°F., which is presumably used 

in fruit respiration, and is also possibly the cause of the rise 

, of sucrose. The decrease of glucose content in the present 

data (Table 2) from its maximum on December 24 to the end of 

Stage 4 (see Figure 3) on April 13, ranges from 72.J8 mg. to 

36.50 mg./gm., suggesting at least a large part of this decrease 

is used up in respiration although a small quantity may be used 

for conversions with other sugars. Its last increase from 

36.50 gm. to 54.84 mg./gm. (difference: 18.34 mg) may probably 

result solely by conversion from fructose which falls from 

68.13 mg. to 24.50 mg. (differences 43.63 mg.). 

The contents of sucrose and raffinose are very low at 

Stages land 2 (see Results) at the beginning of storage life. 

At this time starch decreases sharply to a minimum, while the 

two reducing sugars interconvert at a rapid rate with sorbitol 
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in between. However, sucrose in the last three stages (see 

Figure 3) increases in concentration, and its variation follows 

glucose more than fructose. The increase of sucrose when starch 

quickly disappears may be attributed to the hydrolysis of the 

latter to the former, as it has been shown that changes of 

these two carbohydrates are a linked process (Hulme, 1950, 1954). 

However, the gradual accumulation of sucrose in the last two 

stages may probably be attributed to its synthesis from fructose 

and glucose, which have been shown to be precursors of sucrose 

(Kursanov and Pavlinova, 1950; Axelrod and Seegmiller, 1954; 

Alexander, 1964). During the continuous interconversion of 

these two reducing sugars, as shown previously, apart from the 

accumulation of sorbitol, sucrose is also formed gradually, 

particularly from glucose, which is observed to decrease marked­

ly after December as sucrose rises (see Figure 3). This in­

crease of sucrose in fruits, coupled with the decrease of 

reducing sugars, is in agreement with Martin (1937) and Rees 

and Reynolds (1958). These results also agree with those of 

Taper and Liu (1969), who found that sucrose tended to increase 

in stored fruits together with a decline of glucose content. 

However, the accumulation of sucrose toward the end of the 

storage as shown in the present results renders an impression 

that it is a surplus sugar in late stored fruits without further 

changing into other sugars once it is accumulated. 

Raffinose has its small peak on December 24 together with 

sucrose and glucose (see Figure 3), but its concentration falls 
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to a very low level during the rest of the storage life. At 

time of harvest, raffinose, like sucrose, falls markedly, and 

this decline is probably attributed to its translocation to the 

phloem. Sakai (1966) found that raffinose appeared first in 

September and' .. October in twig barks of many fruit trees, in­

cluding apple, and its concentration increases as winter ap­

proaches. From this observation, he suggested that its presence 

in the phloem might be related to frost-hardiness of the plant. 

The small amount of raffinose found in the fruits as shown by 

the present results can probably account for its translocation 

to the phloem. However, the slight increase of raffinose in 

late December and early January can be attributed to its synthesis 

from sucrose, since Lopatecki (1962) had shown that oligo-

saccharides could be formed from excess sucrose. 

The rapid disappearance of starch in storage does not 

show any positive relation to the content of reducing sugars, 

but it seems to aid partly in the increase of sucrose in mid-

December because starch is one of the nearest precursors of 

sucrose in plants (Kursanov and Pavlinova, 1950). This dis-

appearance of starch in the storage in December agrees with the 

findings of Poapst et al. (1959) and Krotkov and Helson (1946) --
who found starch disappeared in Mclntosh apple fruits by the 

end of October and early November, respectively. 



The variation from da 
to maturation 

(l) Results 

The average results for each of the day and night 

variations of sorbitol and its related carbohydrates in the 
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two sample-groups are summarized in Table 3, and are also shown 

graphically in Figure 4. The data of the day samples are the 

same as those reported in Table l, which are shown here specifical­

ly for the purpose of comparing wlth the night variations. 

Paired T-tests were also performed for results from the two 

sample-groups l and II at night, and no significant difference 

was found to exist between· them. 

The variation of sorbitol concentration in fruit samples 

taken at night was found similar to the pattern in day samples, 

but different in concentrations. At the beginning of the season 

when fruits were small and leaves had not fully become develop-

ed, sorbitol was present at high levels in the night fruits as 

it was in the day fruits, but higher sorbitol content was ob-

served at night than in the day fruits at this time, and the 

same was true in the period when growth cessation had started 

and fruits ripened. Dur1ng the period of active fruit growth, 

starting from the end of .Tune to early August, sorbitol in night 

samples was consistently lower than that in the day. However, 

in summary, both day and night samples were found to possess the 

same tendency of having relatively low sorbitol content in the 

rapid fruit growth period but a higher content at the beginning 
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Table 3. Var1at1ons of sorb1tol, related sugars and starch in day and n1ght samples 

from fru1t-set to maturat10n (mg./gm. fresh weight, mean data) 

Date (1968) Sorbitol Fructose Glucose Sucrose 

day nlght day night -day -nlght- - -----aay nlght 

6/6 4.36 8.92 7.24 11.06 1.88 3.36 0.72 1.42 

16/6 5.38 5.40 6.71 5.85 4.02 4.89 1.20 1.27 

26/6 2.75 2.19 18.47 17.45 1.31 1.72 0.54 0.79 

6/7 1.8.5 1.09 18.34 21 • .59 1.12 2.11 0.91 1.22 

16/7 2.85 0.98 24.97 31.35 1.77 2.22 1.86 1.48 

26/7 2.06 1.63 47.96 46.40 3.17 3.03 1.87 1.38 

5/8 1.50 0.73 35.11 32.70 3.74 4.26 1.49 0.75 

15/8 1.23 2.70 38.87 61.75 3.49 6.40 1.20 1.32 

25/8 2.09 3.80 40.95 46.04 3.22 5.86 0.88 1.02 

4/9 1.50 1.86 40.21 34.63 3.97 5.07 0.71 0.28 

14/9 1.83 1.36 49.60 46.05 0.72 1.24 0.27 0.65 

*See footnotes under Table 1. 
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Table 3 (cont1nued). 

Raff1nose Starch 

aay n1ght cray n1ght 

0.77 0.00' 0.20 0.16 

0.21 0.48 0.26 0.38 

0.25 0.15 0.23 0.35 

0.07 0.22 2.35 2.41 

0.00 0.18 8.01 7.43 

0.08 0.71 5.86 6.37 

0.41 0.20 5.83 10.42 

0.11 0.61 8.80 11.23 

0.19 0.46 7.25 9.23 

0.25 0.46 4.50 4.56 

0.34 0.20 3.69 3.41 

Reduo1ng sugars* Total sugars* 

day n1ght day n1ght 

9.12 14.42 10.61 15.83 

10.72 10.74 12.13 12.48 

19.78 19.16 20.56 20.10 

19.45 23.70 20.42 25.13 

26.73 33.56 28.59 35.22 

51.13 49.43 53.07 51.67 

38.85 .36.96 40.74 37.90 

42.36 68.15 43.66 70.08 

44.16 51.90 45.23 53.37 

44.18 39.70 45.14 40.43 

50.32 47.30 50.93 48.14 

e 

Total carbohydrates* 

dây n1ght 

14.96 24.75 

17.51 17.88 

23.30 22.29 

22.27 26.22 

31.38 36.19 

55.12 53.14 

42.24 38.63 

44.89 72.78 

47.32 57.17 

46.64 42.29 

52.76 49.49 

1-' 
o 
'1 
III 



108 

0-0 DAY ~--+ NIGHT 

SORBITOL 

-60 FRUCTOSE . .... 
~ 

E 
C) 0 

'-• 10 
C) GLUCOSE 

E 
.... 5J) 

SUC ROSE 

~----~ v----o __ --v 

, ... -...... 
...-..~" -..... -_ ................ 

STARCH 

o~~~pa.u~~~~~ __ ~ __ ~~~~~~ __ ~ __ ~ __ ~ 
6 ~ ~ ~ ~ 5 

June July Aug. 
Figure 4. Day and night variations of sorbitol and 

related carbohydrate contents in Malus 
fruits frolll fruit setto maturation (1968). 



0.0 

60 -· .... 
~ 40 

· 20 
E 
C) 0 

" • 10 
C) 

E __ 5.0 

0-0 DAY ~--+ NIGt-iT 

SORBITOL 

FRUCTOSE 

GLUCOSE 

~"''''''' ~ ... 
" -----~----- .-

SUC ROSE 
."..,. .. -----~ ...... 

STARCH 

...... ' ... " ...... 

, .... ---.. 
y " -~---- .... ~ 

108 

~O~ __ ~ __ ~~~~~~ __ ~ __ ~ __ ~~~~ __ ~ __ ~ __ ~~ 
6 16 26 16 26 5 

June July Aug. 
Figure 4. Day and night variations of sorbitol and 

related carbohydrate contents in I1alus 
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and at the end of the season, with the night samples showing a 

better picture of the same variation. 
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As for the night pattern of fructose, its concentration 

was observed at an averagely higher level than that in the day. 

However, the occurrence of this reducing sugar at night in the 

first two months followed closely the day pattern in a rapid 

rise of concentration as fruits were gaining in size and weight. 

The same high peak of fructose accumulation at night was found 

on the same day as in the day samples, and these two peaks did 

not differ very much in concentration. After the fall in both 

night and day samples in early August, the night fructose content 

rose at a much faster rate than that in the day. A peak of 

maximum concentration was reached in night samples by mid-August 

where fructose was found at 61.75 mg. per gm. of fresh weight 

(see Table 3). During the period of growth cessation and fruit 

ripening, the day fructose rise was very graduaI compared to the 

sharp decline in night concentration. A considerable increase 

of fructose content was observed at the end of the season for 

both day and night fruit samples. 

For the first two months of fruit growth, the appearance 

of glucose at night fruit samples almost paralleled the pattern 

followed by the day, but at a slightly higher level. After 

growth had slowed down and fruits began to ripen, glucose rose 

to a level almost doubling its day concentration, and this level 

persisted for the following three weeks before it fell again at 

the end. However, both day and night samples maintained the 



tendency to rise at the end of the season when fruits were 

ripened, and thls rise was coinclded wlth the slight increase 

in sorbitol and the sharp rise of fructose in both day and 

night samples. 
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Different from its day variations, sucrose in night 

fruits slightly fluctuated throughout the whole season. Its 

amount was higher than that in the day fruit samples for the 

first one and a half months when fruits were rapidly increaslng 

in size. Then, in the active growing season, it maintained at 

about the same levels as before while the day samples had 

generally higher sucrose content. When fruits ripened, sucrose 

subsided and the same decrease was opserved in the day samples. 

Raffinose was found to be present in a slightly higher amount 

at night th an it was in the day samples. Although it did not 

disappear during the active growing period, its night concentra­

tion at that time was only present in a limited amount. 

In the first two months of the growing season, the oc­

currence of starch in night fruit samples almost coincided with 

1ts variation in day. A peak was reached on July 16, the same 

day as the peak was observed in day samples. However, its con­

centration in the second half of the season rose at a faster 

rate than the day, and stayed at a considerably high level over 

that in the day samples for almost the rest of the season. A 

second peak was observed on August 15 at Il.23 mg. compared to 

the peak in day samples of 8.80 mg. After fruits had ripened, 

starch in both day and night samples fe11 gradually until fruits 

were ready for harvest. 
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In general, the total sugar and total carbohydrate con­

tents in night samples were higher than those in the day fruits 

in the first month, but during the period of rapid growth, day 

samples exceeded the night in these contents. As fruit ripened 

and growth cessation had started, the night total sugar and 

carbohydrate contents increased and were in excess of those 

in the day. However, when fruits were ready for harvest, both 

total carbohydrate and sugar contents in day samples were again 

present in slightly higher amounts than the night. 

(2) Discussion 

Since most of the diurnal or day and night studies of 

carbohydrates changes are centered on the leaves (Davis ~ ~., 

1916; Waite and Boyd, 1953; Eagles, 1967), or sometimes on 

seeds or seedlings (Whetter and Taper, 1966), there is no de­

tailed literature available on day and night studies of sorbitol 

and other carbohydrates in fruits. However, efforts have been 

made in this discussion to relate the present results to those 

obtained in other seemingly similar studies in the hope of 

furnishing some evidence in support of the present data. 

In a diurnal study of carbohydrates in the agronomie 

grass cocksfoot grown in a controlled environment of l6-hour 

light and an B-hour dark period, Eagles (1967) found that the 

content of the alcohol-soluble sugars in the leaf blades in­

creased three to four-fold during the whole light periode In 

the dark, these concentrations subsided rapidly from 9.5% to 

3.B% of dry weight from the lBth hour to the 24th hour (period 



112 

of artificial night). The same pattern was observed in the 

sheath. Eagles suggested that this decrease in the dark was 

probably a result of translocation and conversion of simple 

sugars to fructosan, which is a carbohydrate reserve in grasses 

when other sugars are in excess. This finding was in contrast 

with that of Waite and Boyd (1953) who showed in their in­

vestigation of water-soluble carbohydrate in rye grass that, 

when samples were taken during fairly sunny weather in June, 

sucrose was found rising to a maximum in the late ~fternoon 

(3:00 p.m.), while hexoses fel1 to their minimum at the same 

time; however, they rose to a comparatively higher level at 

night and to a very high concentration in the morning. There­

fore, these researchers suggested that aIl the grass should be 

cut between 9:00 a.m. and 10:00 a.m., at which time hexoses were 

at maximal concentration~. The total carbohydrate content is 

shown by the present data (Table 3) to differ from that of 

Eagles in that, aIl through the who1e season, its night con­

centration is almost parallel to its day concentration, and 

usually at an excess. However, the present results agree partly 

with the finding of Waite and Boyd in that during active fruit 

growth, day sucrose exceeds its night content and so does sor­

bitol; but the picture of hexose sugars (glucose and fructose) 

does not follow their finding of having maximum concentration 

in the morning. This is particularly untrue in the fruit-

ripe period when night hexose content greatly exceeds its day 

content taken at 10:00 a.m. (see Table 3). This difference is 
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probably due to the different species of plants and organs ~sed 

for comparison. 

Miller (1924) found that the content of hexoses in the 

leaves of sorghum and maize remained fairly constant throughout 

the course of the day, whereas sucrose fluctuated markedly, in­

creasing by day and diminishing by night. From these results, 

they concluded that sucrose was probably the primary sugar of 

photosynthesis. However, this theory has since been rejected 

and fructose is now considered to be the first product of this 

process (Calvin, 1962) •. As mentioned previously, sucrose is shown 

by the present data (Table 3) to have high day and low night 

concentrations in the period when leaves and fruits are growing 

rapidly. This view of sucrose coincides with that of the above 

researchers; and so does the pattern of the two reducing sugars, 

which remain at a fairly constant level both day and night from 

the beginning of the season. However, the night concentrations 

of these hexoses in the fruit-ripe period generally exceeds that 

in the day which may be due to the constant accumulation and 

less utilization of these sugars when fruit tissues are mature 

(see Table 3). 

In the investigation of the carbohydrate pattern in the 

seeds and seedlings in apple, Whetter and Taper (1966) observed 

that fructose was the largest single soluble carbohydrate pre­

sent in apple seeds in both light and dark during the first three 

days of germination. The seeds in the dark contained only a 

trace of sucrose, but relatively greater amounts of reducing 



sugars were found at this time than in seeds in the light. 

These researchers suggested that the hydrolysis of sucrose had 

proceeded farther in seeds in dark because of their longer 

period in storage. The subsequent considerable amount of 
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sucrose in the cotyledons in dark may be attributed to sorbitol 

reconversion (Whetter and Taper, 1963), possibly augmented by 

the hydrolysis of seed starch. In the present experiment, this 

conversion probablY took place during the active fruit growing 

period from July 16 to August 15 when part of the sorbitol was 

converted to sucrose at a time when the two reducing sugars kept 

on increasing in concentration. Whetter and Taper further de­

monstrated that sorbitol was found to accumulate in photo­

synthesizing cotyledons in light sooner and in larger amounts 

than sucrose, but that sorbitol was not detectable in the dark. 

This suggested that the synthesis of sorbitol in higher amounts 

after germination was dependent on the production of excess 

sugars during photosynthesis, and then by rapid conversion of 

these sugars to sorbitol. The same mechanism probably operated 

during the active fruit growing period and at the fruit-ripening 

stage in the present experiment, but it was particularly notable 

at the end of the season when increase of sorbitol was coupled 

with a decrease of glucose. This is indeed the original suggest­

ion of Donen (1939) who suggested that sorbitol was accumulated 

at the end of the plum growth period when reducing sugars began 

to level off. Whetter and Taper (1966) again suggested that 

photosynthesizing cotyledons were a site of synthesis of sorbitol. 



While this finding is in accordance with those of Williams 

(1966) and Taper and Liu (1969) in their assessment of sor-
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bitol as the most abundant photosynthate in the leaves, Williams 

(1966)stressed that this pool of sorbitol produced in the leaves 

wes translocated out into the fruits at the time when leaves had 

become mature or senescent. An influx of sorbitol, though 

small in quantity, in the fruit-ripening stage in the present 

data, echoes their suggestion and this is more marked in the 

night. 

Sideris et al. (1948) studied the diurnal changes and 

growth as associated with ascorbic acid, titratable acidity, 

carbohydrate and introgenous fraction in the leaves of pine-

appleAnanascomosus L., and they found that total sugar con­

tent, which showed maximal values at 6:00 p.m. and minimal at 

6:00 a.m., was in invert order w1th titratable acidity (malic­

citric acid). The results suggested that, during respiration, 

sugars in the tissues were oXidized, in the absence of light, 

to malic, citric and possibly other organic acids; the combin-

ed values of these acids increased as sugars decreased. The 

titratable acidity was reduced more in the leaves and fruits 

of the plants in dark than those in light. This reduction of 

titratable acidity is shown in the following scheme according 

to the principle of Le Chatelier (Bennet-Clark, 1933). 

dark 
Carbohydrates ------------~> malic acid + CO2 + energy 

light 
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Although increasing temperature accelerates the rate of 

organic acid disappearance from tissues and displaces this 

equilibrium in the direction in which energy is absorbed, 

light is considerably more effective in this shift (Bennet­

Clark, 1933). Since titratable acids have not been analyzed 

in fruits in the present study, the possibility of this mechan­

ism operating in the fruit tissues is not known. However, the 

accumulation of total carbohydrates shown by the present data 

(Table 3) does not agree with this shift, but a higher con­

centration is often found at night. Since the experimental 

samples are different, and fruits are not the main site of 

photosynthesis, this difference is conceivable. 

Using a single sample, Liu (1967), in her study of 

sorbitol in Nalus leaves, found a much higher concentration of 

sorbitol at night on August 27, 1966 in the leaves taken at 

10:00 p.m. th an on a day sample at 9:00 a.m. She explained 

this difference by using the results of the experiment con­

ducted by Anderson ~ al. (1962), that the higher sorbitol con­

tent at night was probably attributable to the equilibration of 

this sugar alcoho1 with glucose or other possible intermediates 

in polysaccharide synthesis, especially starch, and the syn­

thesis was favoured in the 1ight. Since Anderson et~. (1959) 

had also demonstrated in their short term radioactive experi­

ment with plum leaves a rapid synthesis of sorbitol following 

photosynthesis, and also a conversion of labelled carbohydrates 

into sorbitol in the dark, Liu, therefore, explained that the 
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subsequent drop in concentration of glucose and total sugars 

at night, shown in her data following the rise of sorbitol, 

was due to their conversion to sorbitol. Although she did 

not present more data to support her suggestions, the present 

results found in the fruits in late August agrees with her 

findings that high night sorbitol concentration is observed 

with the decline of other carbohydrates; but this is not con­

sistent, and opposite variation is often observed; this may 

be partly due to the different experimental samples compared, 

in which the occurrence of these carbohydrates in fruits varies 

in opposite direction to those in the leaves. 

Chong (1970), in his diurnal study of sorbitol in the 

apple leaves, found that sorbitol and carbohydrate contents de­

creased during the night, followed by a subsequent rise in the 

day, and that this was related to the diurnal change in air 

temperature, relative humidity, and to a lesser extent, solar 

radiation. This probably explains, for the present results, 

that the high level of total carbohydrates in the fruits at 

night may have in part come from the leaves through transloca­

tion for a temporary storage, and are again used for utiliza­

tion in metabolism daring the following day. 

In summarizing the present results, it is noted that, 

at the beginning of the season when small fruits are just form­

ed and most of the leaves have not come out or become fully 

developed, and high production and supply of food materials from 
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the leaves have not yet attained, sorbitol is found at high 

concentration in the green fruits. At this time, the plant 

carries on its normal metabolic activities as usual both day 

and night. These activities are made possible by utilizing 

sorbitol and other sugars as a source of energy and the rate 

of metabolism during the day is comparatively higher than that 

at.night, hence, the rate of energy utilization is also higher. 

With a small supply of food materials from the leaves, sor­

bitol and the total carbohydrate contents are therefore ob­

served at a lower level in day than at night. As rapid fruit 

growth begins after leaves have become fully expanded, large 

amounts of photosynthates are produced and supplied to the 

fruits in the day. Although the rate of energy utilization 

and metabolism is still proceeding at a higher speed in day 

than at night, the supply of carbohydrates to the fruits in 

the day exceeds their utilization, forming a higher carbohydrate 

pool in the day fruits than in those at the night, notably in 

the form of sorbitol. When growth ceases and fruits ripen and 

leaves become mature or senescent, the metabolic rate in these 

tissues is gradually slowed down and reduced, together with a 

reduced production of photosynthates. As the plant keeps on 

its physiological activities as usual and the rate in day is 

higher than at night, this shortage of photosynthate supply to 

compensate for the high day usage again results in a pattern 

similar to that at the beginning of the season: being in 

higher concentration at night and lower in the day, particular­

ly in the form of sorbitol. 



EXPERIMENT 2 

An Investigation Concerning the Contents of Sorbitol, 
Related Sugars and Starch in the Skin of Malus 

Fruits during Periods of Fruit Growth and 
in Storage 

A. Materials and Methods 

Introduction 

In the course of their chemical studies of fruits, 

some researchers (Martin, 1936; Siegelman, 1954) found that 

the skin of pear and apple fruits axhibited a carbohydrate 

pattern, though sorbitol was not included, which was essential­

ly similar to that in the pulp tissues. Stoll (1967b) recently 

observed that the fruit ·tissues near the epidermis of pear and 

apple contained more sorbitol than the rest of the pulp tissues. 

Motivated by these findings, the present thesis writer felt 

that these compounds in the skin might in some way affect the 

life of fruits during their growth, or be related to some 

physio1ogica1 disorders that originate from these skin tissues 

when fruits are stored. Therefore, an examination of these 

apple skin tissues in order to have a true picture of the 

carbohydrate pattern in them seemed necessary. 

119 
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It was also noticed that none of the preceding workers 

nor other fruit researchers had done experiments concerning the 

contents of sorbitol and its related carbohydrate in the skin 

alone, and therefore, there were no established methods which 

could be followed. However, since skin tissues are an integral 

part of the fruit, the experimental procedure employed in the 

investigation of the carbohydrate contents in the fruits can 

theoretically be used for this carbohydrate determination in 

the skin. Therefore, most of the experimental procedures des­

cribed in Experiment 1 are followed in this experiment. 

Samples were taken both from the fruits in the field and inside 

refrigerated storage to observe the relative contents of these 

carbohydrates under the two different environmental conditions. 

Sampling of fruits 

Skin samples were taken from fruits collected essential­

ly in the same way as in Experiment 1. Five samplings at dif­

ferent dates were made from fruits in late storage period early 

in 1969 and six samplings were undertaken from fruits on tree 

during periods of late fruit growth and fruit ripening in summer 

of 1969. Although this was not a study of seasonal variation 

of carbohydrate contents in the skin tissues, sampling was 

nevertheless taken at a ten-day interval as was done for the 

fruits in Experiment 1. 



Seven sample trees, cultivar Mclntosh, were selected 

for sampling. These seven trees were located in Row 1, Block 
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9 of the Macdonald College Orchard. Sampling from the field 

commenced on July 26, 1969, when fruits were growing actively, 

and it was done in the mornings at Il:00 a.m. until September 

14, ten days before aIl the fruits in the block were harvested 

and moved into cold storage. Fruits were not taken at the be­

ginning of the season because the skin at that time was found 

hardly differentiated from the pulpe Since the objective of 

this experiment was mainly to determine the relative content of 

each carbohydrate constituent in the skin of apple fruit, the 

fruits were chosen randomly around each tree and the numbers 

were not strictly counted but usually varied according to their 

size on any particular date. However, the number of fruits in 

each sample was normally twice that for Experiment 1, because 

the quantity of skin tissue per fruit was small relative to the 

amount of pulpe 

Sampling from refrigerated storage at 32°F. was done 

only for fruits in the late storage, period commencing in March 

14 until April 23. These apples were originally from Row Il of 

Block 9 harvested in the season of 1968, and skin determinations 

were made concurrently with the pulp estimation shown under 

Experiment 1. The number taken for each skin sample was either-

14 or 21. 
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Skin sampling and processing 

The apples collected were taken into the laboratory 

and the skin was peeled with a hand-peeler so as to leave as 

little adhering flesh as possible. The peeled skin was placed 

in a Pyrex glass dish and heated for three minutes in a steam 

bath according to the procedure of Siegelman (1954). AlI the 

adherent flesh tissue after the steaming process was carefully 

removed by scraping with a spatula and the water on the sur­

face was blotted by tissue paper. The fresh skin was weighed 

and each sample, 3-20 gm. was blended in a small Waring blendor; 

each sample was then directed by a stream of 70% ethanol into 

a 500 ml. round-bottomed flask and extracted continuously for 

eight hours. Thereafter, the extract was filtered, washed, 

concentrated and clarified as described for the fruit samples 

used in Experiment 1. General details of chromatography and 

determination of sorbitol, sugars and starch were the same as 

in the previous experiment excepting that a large dosage of 

extract was spotted each time on the paper chromatogram. 

Since the results in Experiment l showed that the last 

traces of starch inside the apple fruit tissues had disappeared 

by early December, no attempt was made to determine the starch 

content in the skin of apple fruits collected from refrigerated 

storage in this experiment. However, starch determination for· 

skin samples from the field was undertaken. 
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B. Results 

Using the experimental procedures described in 

Materials and Methods, the same carbohydrate pattern which 

had been found in fruit pulp tissues was detected in fruit 

skin for samples taken both from late storage and late grow­

ing season. These carbohydrates were separated on the chromato­

gram as in Experiment l in an order of decreasing Hg values, 

namely, sorbitol, fructose, glucose, sucrose and raffinose. 

The spots on the chromatogram were observed darker than those 

spotted with extracts from pulp tissues. This might be due to 

the high dosage used in each spot application as it had been 

so reported under rvIaterials and Nethods. Starch was detected 

from alcohol-insoluble skin residue. The results of these 

carbohydrate contents on different sampling dates are summariz­

ed in Table 4. 

Carbohydrate pattern in skin of fruits in late storage 

In examining the pattern of carbohydrates in the skin 

of fruits in storage (see Table 4), it was noticed that sor­

bitol, sucrose and raffinose were present in a considerably 

higher amount th an their respective concentrations in stored 

fruit pulp tissues (see Table 2), while fructose and glucose 

were observed at a relatively low concentration in the skin 

compared to their prominent amount in pulp tissues as shown 
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Table 4. Sorbitol, sugars and starch contents in the skin of Malus fruit during periods 
of fruit growth and in storage {mg./gm. fresh weight~ 

Date Sorbitol Fructose Glucose Sucrose 

In Late StoraSje 

14/3/69 4.58 3.75 10.00 7.71 
24/3/69 16.46 18.33 24.58 0.00 
3/4/69 18.33 1.67 6.67 7.50 
13/4/69 8.33 2.22 2.22 5.83 
23/4/69 6.11 3.33 1.11 6.94 

Late Growi~ Season 

26/7/69 16.13 17.50 12.92 3.33 
5/8/69 9.15 20.73 10.06 0.00 
15/8/69 8.07 37.10 21.77 2.42 
25/8/69 5.51 34.33 23.96 6.48 
4/9/69 8.72 20.19 16.98 5.05 
14/9/69 4.65 19.74 13.08 5.57 

*See footnotes under Table 1. 
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Table 4 (cont1nued). 

Rafflnose 

2.71 
13.33 

0.42 
3.06 
2.78 

1.67 
2.74 
6.65 
0.32 
0.00 
0.11 

Staroh 

1.18 
3.07 
7.S4 
5.71 
4.30 
5.68 

Reduolng sugars* 

13.75 
42.91 
8.34 
4.44 
4.44 

30.42 
30.79 
58.87 
58.29 
37.17 
32.82 

Total sugars* 

24.17 
56.24 
16.26 
13.33 
14.16 

35.42 
33.53 
67.94 
65.09 
42.22 
t<~.50 

e 

Total carbohydrates* 

28.75 
72.70 
34.59 
21.66 
20.27 

51.55 
42.68 
76.01 
70.60 
50.94 
43.15 
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before. Of these two reducing sugars, glucose wasfound in a 

higher level than that of fructose. However, sorbitol content 

appeared to be the leading carbohydrate in the skin in the 

whole late storage period with the exception on March 24 where 

glucose was the largest. 

During this late storage period when most of the fruits 

had become soft, the occurrence of sorbitol was observed to 

follow very closely its variation in the pulp tissues at the 

same time (see Table 2). In the first sample taken on March 

14, 1969, wh en sorbitol content in the pulp tissues at this 

time was at a very low level, its content in fruit skin was 

also low compared to other samples in this storage periode As 

its content in pulp tissues increased, sorbitol in fruit skin 

rose accordingly, but at a much faster rate, and quickly 

reached a high concentration which was almost four times as 

much as its initial content. A peak was reached on April 3 

at a level of 18.33 mg., while at this time sorbitol content in 

pulp tissues was also at its maximum of 5.82 mg. per gm. fresh 

pulp tissue (Table 2 and Figure 3). After this peak, similar 

to the two reducing sugars and raffinose, sorbitol fell sharply, 

and this fall was again coincided with a graduaI decline in pulp 

sorbitol content. However, excepting the first sample taken on 

March 14, the concentration of sorbitol in aIl the skin samples 

exceeded its content in pulp tissues taken at the same time, 

and this excess was particularly notable on March 24 and April 3. 
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In contrast to the continuously opposite variations in 

the pulp tissue as shown in Table 2 and Figure 3, the occur­

rence of fructose and glucose followed each other closely in 

the skin tissues. Glucose was generally in excess of fructose 

in the skin. On March 24, when fructose in pulp tissues rose 

to its maximum, skin fructose increased in a similar way to a 

peak which was about six times of its initial concentration 

ten days before5 This increase coincided with the same sharp 

rise of sorbitol, glucose and raffinose, while sucrose was ab­

sent. After this peak, fructose fell abruptly to almost a 

minimum when its concentration in the pulp at this time still 

maintained at a considerably high level and was in excess of 

glucose (see Table 2). Glucose, like fructose, had its peak on 

March 24, but it fell thereafter to a concentration slightly 

below the level of fructose. 

Among aIl the carbohydrates, sucrose was the only one 

that did not rise at the end of March, but instead, it dis­

appeared completely from the skin tissues while at this time 

its concentration in pulp tissue kept on rising. However, 

sucrose reappeared again in early April when aIl the other 

carbohydrate but sorbitol dropped tremendously. Thereafter, 

it tended to remain at a constant level until the last sample. 

As for raffinose, it was interesting to find that its concentra­

tion in fruit skin was far in excess of that in the fruit pulp 

tissues analyzed in the same late storage periode It had a 

maximal uprise at the end of March when its concentration was 



found at 13.33 mg. per gm. fresh weight. Its content in the 

last three samples was low. 
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Carbohydrate pattern in skin of fruits during late fruit growing 
period 

In reporting the contents of various carbohydrate 

constituents in the skin tissues, it was felt necessary to 

compare them with the same carbohydrates in the fruit pulp 

tissues taken at the same time in order to have a comprehensive 

picture of their overall variations in the fruit as a whole. 

Therefore, as it was done in the previous section, results in 

this section were often referred to the data obtained in the 

pulp tissues for fruits taken in the summer of 1969, which were 

previously presented in Table l and Figure 2. 

In examining the sorbitol content in skin tissues, it 

was found that sorbitol was i.n excess of its concentration in 

the pulp tissues taken at the same time, notably in thefirst 

sample taken on July 26, 1969 when fruits were large and still 

gaining in weight. The accumulation of th1s sugar alcohol in 

the fruit skin was the third largest in concentration. However, 

both sk1n and pulp tissues had the tendency to decrease in con-

centration during this period, and the rate in skin tissues was 

at first very rapid but gradually slowed down. Similar to its 

occurrence in the pulp, sorbitol in the skin stayed at an al-

most constant level thereafter when fruits had ripened. 
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Fructose and glucose in the fruit skin accumulated in 

concentration in a similar way as it did in the pulp tissues 

when fruits gradually gained in size (Table 1). Fructose.as 

the largest carbohydrate in the skin tissues as it was in the 

pulps, and glucose the second. A peak was reached by August 15 

for fructose content and the maximum amount of glucose was also 

attained at the end of the aforesaid month. Contrary to their 

ever-increasing concentration in the pulp tissues, these two 

reducing sugars in the'skin declined when fruit ripened which 

was coincided with a small rise of sucrose content. Raffinose 

variation in the skin was in an opposite direction to that of 

sucrose. It was present in a slightly higher amount in the 

first few samples when fruit growth had slowed down, while su­

crose was found at this period to disappear from the skin and 

to reappear again in a small amount. Then, as raffinose sub­

sided to a minimum, sucrose rose in the fruit ripening periode 

Generally, these two carbohydrates were aIl in excess of their 

concentrations in the pulp tissues. As for starch in the skin, 

its concentration did not differ very much with that in the 

pulp tissue and it had its maximum accumulation on the same day 

as it did in the pulp tissues. Similarly, when fruits ripened, 

their contents decreased in the same manner as in the fruit 

pulps. 
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C. Discussion 

When reviewing literature on skin tissues of apple 

fruits, it was noticed; to the disappointment of the thesis 

writer, that almost aIl these researches either concerned the 

wax content in the skin (Chibnall ~ ~., 1931; Markley et al., 

1932; Hall, 1966), its color pigments with relation to fruit 

maturityand storage (Sims, 1963; Lott, 1965), or skin structure 

as related to transpiration or polishing (Pieniazek, 1944; 

Skene, 1963). Apart from the préviously reported-three papers 

(Martin, 1936; Siegelman, 1954; Stoll 1967b; see Introduction, 

Materials and Methods, Experiment 2), no literature was found 

on carbohydrate distribution or metabolism in the skin tissues. 

The following discussion, therefore, relates the present re­

sults mostly to the findings of those three researchers. 

In his study of the distribution of sugars in Bosc pear 

fruit, Martin (1936) noticed that among the four regions he di­

vided inside a pear, namely, skin, cortical, stone cell and core 

regions, the concentration of glucose was found present in a 

larger amount in the skin region than the other three, while 

fructose and sucrose were the least. Although this same re­

searcher (Martin, 1937) a year later detected sorbitol in the 

pear and suggested its relation to fructose, glucose and sucrose 

during the after-storage ripening, he did not report the pre­

sence of sorbitol in the fruit nor in the skin in this study. 

Siegelman (1954) revealed a pattern of carbohydrates, namely, 
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in an order of increasing Rx* values, sucrose, glucose, fructose, 

and xylose on his paper chromatogram when spotted with an extract 

from Grimes Golden apple and Bartlett pear skin. The same pat-

tern of these sugars was detected in various solvent systems. 

Furthermore, the flavonoid compounds of Grimes Golden apple skin 

were again shown to consist of quercetin 3-g1ycosides of the 

following sugarsl glucose, galactose, xylose, arabinose, 

rhamnose, and rutinose (Siegelman, 1954). Only two of these 

sugars, glucose and xylose, were also found as free sugars in 

the skin. This researcher strongly stressed the presence of 

xylose in these tissues and suggested that its role in the meta­

bolism of apple and pear skin needed further examination, because 

this sugar had been reported from only a few plants (Bidwell, 

~ !!!.., 1952; Hay and Pridham, 1953). In comparing the Rx 

values of his carbohydrates with the present ones found in 

Mclntosh apple skin tissues, it was thought that the xylose 

which had been stressed by Siegelman might probably be sorbitol 

found on the chromatogram in the present experiment, the reason 

being that the carbohydrates found in our study are arranged 

in the same order as that of Siegelman, namely, raffinose, 

sucrose, glucose, fructose and sorbitol, with increasing Rg 

values; and sorbitol here appeared to be in the same position 

as occupied by xylose in Siegelman's chromatogram. Test 

= R xylose (migration relative to xylose). 
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chromatograms using standard compounds revealed that the spot 

of xylose in the present solvent system was in a position 

between fructose and sorbitol. However, the amount of xylose 

in Mclntosh apple skin on the chromatogram tested was found to 

be almost negligible. Since Siegelman did not report its con­

centration in the skin tissues, no comparison was able to be 

made. 

Stoll (1967b), in his experiment to investigate the 

distribution of sorbitol in various regions inside pear and 

apple fruit, reported that the highest sorbitol concentration 

resided in the area near the epidermis, and 1he least was found 

near the core. This was consistent for the three varieties 

each of apple and pear. When sorbitol was so found in skin 

region as never done before, the present thesis writer recalled 

the skin region of Bosc pear where Martin (1936) found glucose 

in the highest amount. There was some thought that this high 

glucose accumulation in the skin region of Martin's pear might 

possibly be sorbitol, as it was found by Stoll (1967b) to be 

in the same region at high concentration. The sensitive method 

of Stoll's thin layer chromatography may prove to be more ef­

ficient than that used by lVlartin, because the latter stated that 

his quantitative results so obtained in the skin were subject 

to errors arising from interfering substances in the skin and 

no effort was made to correct it. Since these two compounds, 

sorbitol and glucose, are structurally alike, and have been 

proved to be readily interconvertible with each other (Anderson 
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et al., 1962; Whetter and Taper, 1963}, it is conceivable that --
they are sometimes found together, in a mixed manner, even in 

their reaction to radioactivity (Dana, 1952; Webb and Burley, 

1962). However, if the glucose in the'skin region of Bosc 

pear were actually sorbitol, the findings of Stoll and the pre-

sent data would be more justified. 

In examining the present results of these carbohydrate 

constituents in Mclntosh apple skin (Table 4), it is observed 

that the presence of sorbitol as the leading carbohydrate in it 

during storage agrees with the finding of stoll (1967b), and 

that glucose as the second largest carbohydrate accords with the 

findings of Martin (1936). During late storage, aIl the carbo-

hydrates in the skin in IvIarch rise in concentration excepting 

sucrose, this occurrence coincides with their respective fluctua­

tions in the pulp tissues analyzed at the same time (see Table 

2). The subsequent decline of reducing sugars coupled with the 

increase of sorbitol reflects a same mechanism of the inter-

conversion between these carbohydrates operating in the skin. 

At the end of the storage period, sucrose is present in excess 

of the reducing sugars, which also renders the belief that this 

invert sugar may have formed through conversion from the latter, 

in a similar pathway that has been established in the pulp 

tissue. As for the skin samples taken from fruits during period 

of growth, the appearance of aIl the carbohydrates in it is 

shown also to parallel their individual variations in the fruit 

pulps. Sorbitol decreases in concentration as fruits are 
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rapidly gaining in size, and it rises in content when fruits 

are ripened. Similarly, fructose appears as the leading 

carbohydrate in the skin and its occurrence is matched closely 

with glucose. Apart from their translocating from the pulp 

tissues, the general accumulation of these two reducing sugars 

in the skin may have come directly from the metabolic tissues 

in the skin where it is suggested that photosynthesis takes 

place (see Experiment 3), and fructose is the first product of 

this process (Calvin, 1962). During fruit ripening, aIl the 

carbohydrates tend to lose in content, notably in fructose, 

glucose and sorbitol, while at the same time, these carbo­

hydrates in the pulp tissues increase (see Figure 2). This op­

posite variation presumably may be attributed to that when fruits 

are ripened, the red pigments formed on the skin prevent any 

further photosynthesis to produce photosynthate for accumula­

tion, and/or the presence of the high carbohydrate pools in the 

pulp tissues at this ripe stage draws MOSt of these carbohydrates 

inside. 

Nevertheless, since the variation of sorbitol and other 

carbohydrates is seen to follow closely their individual 

variations in the pulp tissues, it appears that the metabolism 

of these carbohydrates in the skin, as in the pulp itself, is 

an integral part of the total metabolism in the fruit. Hence, 

one has confidence in the previous assumption and may state that 

skin is an inseparable part of the fruit, but its carbohydrate 



pattern may weIl serve as an 1n~ex for the changes of the 

varlous carbohydrate pools lnslde. 
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EXPERIMENT 3 

A Preliminary Investigation of the Photosynthetic 
Capacity of Apple Fruit Skin Compared to that 
of the Adjacent Leaves during Active Fruit 

Growth and at Maturation 

A. IVla terials and Methods 

Introduction 

This experiment was undertaken primarily to determine 

whether or not the skin of apple fruit is able to photo-

synthesize, but with a further aim, should such function be 

established, to conduct studies to determine the skin's 

capacity to supply photosynthates to the fruit which it en-

closes and to compare such capacity with that of the adjacent 

leaves. 

If the fruit is isolated by ringing, or other means, 

from its adjacent leaves and the rest of the tree, it i8 thus 

blocked from its usual supply of food materials for its growth. 

An experiment to determine whether an isolated fruit is still 

able to continue its enlsrgement and growth, by manufacturing 

136 



137 

its own food through its green or the whole skin surface, 

should be capable of furnishing evidence concern1ng the ab1lity 

of the sk1n to photosynthesize. Th1s type of exper1ment may be 

done by tak1ng readings at fixed intervals on the fru1t for 

its 1ncrease of fresh we1ght, dry weight, diameter, volume and 

carbohydrate content. This 1s the or1ginal concept of Curt1s 

(1920) and Ryugo and Davis (1959), though they d1d not 1nclude 

sk1n investigation Fer ~ in their experiment. When data from 

a number of samp11ng dates are cOllected, a general picture of 

the ability of the sk1n to supply food for fruit growth may be 

obtained. Furthermore, if another set of fruit un1ts 1s 

s1milarly 1solated, but with the adjacent leaves 1eft w1thin 

the 1solated unit, the abi11ty of these leaves to supply photo­

synthates for fru1t growth can be compared w1th that of fru1t 

skin when their individual 'net assimilation rates' are com­

puted. This term 'net assimilation rate' is the original con­

cept of Gregory (1917), which is expressed in terms of the 

amount of dry matter per unit of leaf area (in th1s case, leaf 

or skin area) per unit of time. In their experiment to evalu­

ate the photosynthetic ab1lity of peach leaves to supply dry 

matter requirement of the crop, Ryugo and Davis (1959) compared 

net assimilation data with the rate of accumulat10n by the crop 

and they found that, in regard to the assimilation of dry 

matter by the fruits, the double-girdled method they used did 

not show aIl the photosynthates produced by the leaves, the 

reason being that the vegetative parts of the tree and the 
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maturing fruits used a certain amount of photosynthetic product 

as a source of energy for respiration. This loss was not 

measured in their experiment. Similarly, in the experiment 

conducted by the present author, this consumption of part of 

the photosynthates was not included, and the term 'net' was 

used throughout to make explicit that only the residual dry 

matter, or the products of 'apparent photosynthesis', were de-

termined (Ryugo and Davis, 1959). 

Ringing and sampling 

The double-girdled method of Ryugo and Davis (1959), 

used to compare the net assimilation rate of peach leaves and 

the rate of accumulation of dry weight by the fruit, was essen­

tially followed in conducting the present experiment. 

On July 4, 1968 when fruits were growing rapidly, five 

uniform trees of cultivar Mclntosh in Row 1, Block 9 of the 

Macdonald College Orchard were chosen for sampling. From these 

trees, 150 short fruiting branches of approximately the sarne 

size, mostly on the south side, were selected, tagged and 

numbered, making 30 branches per tree. The branches chosen were 

not thickly crowded with leaves or small side branches. An 
~ 

experimental unit was isolated by double-girdling on each 

branch, with each unit containing a single fruit, and aIl the 

fruits used were of uniform size. Leaves were removed from 

one-half (15) of the units on each tree. For the other 15 

fruiting units, about 4-6 leaves, either small or large and 
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free from blemish or darkened spots, were kept within the rings. 

Data from leafless and leafed units were compared. 

The procedure of ringing was as follows: a ring of 

bark, 3/8 to one inch w1de, was removed three inches below and 

above the fruit in each unit. Only the outer bark and the 

phloem were removed and no in jury was done to the xylem. The 

rings were covered with black rubber grafting tape to reduce 

evaporation, and they were checked every ten days to see if the 

eut was healed; further re-ringing was done whenever necessary. 

Sampling was done at l3-day intervals. On each sampling 

date, five sample fruits, one from each tree, were removed at 

random from leafless units and another similar five from leafed 

units, making 10 units at each sampling date for these two kinds 

of branches. Care was taken to include in the samples aIl the 

leaves and fruits in the units and no disturbance was made to 

the other branches still on the tree. Each sample branch was 

put in a plastic bag and brought back to the laboratory im­

mediately. Outlines of the leaves removed from the various 

units were traced on paper and the areas were later measured 

by means of a planimeter, and expresséd in square decimeters. 

After the sampling, aIl these ten samples were combined 

into two groups, namely, leafed group and leefless group. The 

leafed group (Group 1) consisted of five fruits and a number of 

leaves collected from the five leafed units, while the leafless 

group (Group 2) consisted of five fruits alone, which were taken 

from the rive leafless units where no leaf was left within 

their girdles. 
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Fruits from each of these two groups, leafed or leafless, 

were weighed and their diameters.measured. They were then 

quartered and placed on dishes in an oven at 100oC. and dried 

overnight; and were re-weighed when the dry weight was con­

stant. The carbohydrate contents in the fruits of either 

group were determined from the dry materials by the same methods 

as descri bed in the section, Ivlaterials and IYJ.ethods of Experi­

ment 1, and only total carbohydrate content was reported. 

On each samp11ng date, the Median diameter of each 

fruit still on the tree in each r1nged unit was measured to 

the nearest tenth millimeter by means of a Vernier caliper. 

Increments in diameter and volume of these fruits were calculat­

ed from these measurements for each sampling date. 

Sampling was continued until September 20 for leafed 

fruit units while fruits in the units without leaves were only 

collected up to the 7th of the aforesaid .month because Many 

fruits had dropped off from these units in the latter part of 

the season. 

B. Results and Discussion 

Results of this preliminary investigation of the photo­

synthetic capacity of the fruit skin and that of its adjacent 

leaves are summarized in Tables 5 and 6. The photosynthetic 

area in the leafed group is the sum of the areas of leaves and 

skin of the fruits within the girdles, while that in the leafless 
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Table 5e Results to show the increment to fresh weight, dry weight, diameter and volume 
of the two sets of 'ringed' groups during active fruit growth and at maturation 

Photosynthetic area Total Total Av. diam. Av.vol. 
Date (sq. dm.) fr.wt. dr.wt. of each of each 

Set 1968 leaf skin total (gm.) (gm.) (cm. ) (cu.cm. ) 

4/7 2.35 3.87 30.25 
Group 1 

17/7 7.48 2.97 10.4.5 149 • .59 14.92 4.3.5 43.16 
(leafed 
units) 30/7 8.23 3.73 Il.96 214.11 22.87 4.87 60.41 

12/8 8.10 4.60 12.70 327.7.5 36.26 .5.41 82.82 

2.5/8 7.61 .5.39 13.00 411.26 .54.4.5 .5.86 10.5.16 

7/9 7.61 5.9.5 13 • .56 .505.38 66.16 6.1.5 121 • .5.5 

20/9 7.19 6.47 13.66 .549.3.5 78.47 6.42 138.47 

4/7 2.23 2.23 3.77 28.04 

17/7 2.37 2.37 143.34 12.17 3.88 30 • .59 
Group 2 

30/7 2.48 2.48 149.59 12.63 3.97 32.72 
(leaf1ess 
units) 12/8 2.67 2.67 189.47 13.39 4.12 36.63 

25/8 2.89 2.89 206.74 15.05 4.29 41.3.5 

7/9 2 • .54 2 • .54 199.89 1.5.65 4.02 34.02 

20/9 

1-' 
~ 
1-' 
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Table 5 (continued). 

Total 
carbohydrates 

(mg./gm. ) 
dr.wt. 

3.04 

28.09 

17.75 

31.95 

42.76 

41.53 

2.32 

20.56 

9.54 

18.98 

27.09 

fr.wt. 
(gm.) 

64.52 (43.1,%) 

113.64 (53.1%) 

83.51 (25.5%) 

94.12 (22.9,%) 

43.97 (87.0%) 

6.25 (4.4,%) 

39.88 (26.7%) 

17.27 (9.1,%) 

-6.85 (-3.3.%) 

Av. increase of 
dr.wt. diam. 
(gm.) (cm.) 

0.49 (12.7.%) 

7.95 (47.0%) 0.52 (12.0,%) 

13.39 (58.6,%) 0.54 (11.1,%) 

18.19 (50.2.%) 0.45 (8.3'%) 

Il.71 (21.5%) 0.29 (4.9%) 

12.31 (18.6,%) 0.27 (4.4,%) 

0.11 (2.9'%) 

0.46 (3.8,%) 0.09 (2.3'%) 

0.76 (6.0,%) 0.15 (3.8,%) 

1.66 (12.4,%) 0.17 (4.1,%) 

0.60 (4.0,%) -0.27 (-6.3%) 

e 

vol. 
(cu.cm.) 

12.91(42.7.%) 

17.25 (40.0,%) 

22.41 (37.1,%) 

22.34 (27.0,%) 

16.39 (15.6,%) 

16.92 (13.9.%) 

2.55 (9.1,%) 

2.13 (7.0,%) 

3.91 (11.9.%) 

4.72 (12.9.%) 

-7.33 (-17.7%) 

1-' 
~ 
1-' sn 
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Table 6. 

Date 

30/7 

12/8 

25/8 

7/9 

20/9 

e 

The 'net assimilation rates' (Ea) of the leafed and 1eaf1ess unit-groups at 
different dates. Values are expressed as mi11igrams of ,dry weight per square 
decimeter of photosynthetic area per day. 

Leafed group Leaf1ess group 

Ea1 Ea2 Ea3 Ea2 (skin) 
(leaf and % Leaf x 100,% 

skin) area (leaf on1y) (skin on1y) E 
a2 (leaf) 

0.0237 68.8% 0.0163 0.0063 38.7,% 

0.03619 63.8,% 0.0231 ·0.0198 85.7% 

0.0471 58.5% 0.0276 0.0199 72.1,% 

0.0294 56.1% Q.0165 negative 

0.0303 52.6% 0.0159 

J-I 
+=" 
1\) 
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group includes the skin areas of the fruits only. Since the 

whole surface of the fruit was assumed to photosynthesize, the 

surface area from each fruit was computed for the surface of a 

sphere by using the formula 4rrr2 , in which r is the median di­

ameter of the fruit and the resultant area is expressed in 

square decimeters. The volume of the fruit was calculated 

by the formula 4/3nr3 , which again is originally designed for 

the volume of a sphere. Average increase of fresh weight, dry 

weight, diameter and volume was both reported in actual measure­

ments and percentages. Total carbohydrate content was expressed 

as milligrams per gram of dry weight, which is a sum of the 

concentrations of sorbitol, fructose, glucose, sucrose, 

raffinose and starch. 

Appearance of fruit growth in leafless group (Group 1) 

By examining the results presented in Tables 5 and 6, 

this attempt to study the photosynthetic ability of the skin 

is observed to have been rewarded with some encouraging data. 

It is shown in the results (Table 5) that fruits keep on grow­

ing in the leafless units which are isolated from the normal 

suppl y of photosynthates from the adjacent leaves or other 

sources. The increase of fruit size shown by the increase in 

volume, and the accumulation of photosynthates expressed in the 

increase of dry matter are indices of this fruit growth. How­

ever, this ability of the skin tissues to suppl y photosynthates 
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is shown more elaborately by the net assimilation rate (Ea ), 

as presented in Table 6, which will be discussed 1ater. From 

Table 5, a continuous increase of dry weight and volume was ob­

served in the period from July 17 to August 25, in which or­

dinary fruit growth was at the most rapid rate. The largest 

fruit size obtained was on August 25, at an average volume of 

41.35 cu. cm. each, which was about one and one-half that of 

the fruits when ringing was just started in early July. Also, 

on the same day, the fruits in the units had the 1argest fresh 

weight in the whole season, but the 1argest dry weight was not 

attained unti1 13 days 1ater on September 7. The highest net 

increase in dry weight occurred in the period from August 12 

to August 25, when a 12.4% increase over the immediate 1ast 

samp1e was found. However, at the end of August, whi1e the 

other fruits on the tree were approaching their ripening 

stage, the fruits in the 1eafless units became gradua1ly 

wrink1ed on the surface and an unhealthy appearance was sub­

sequent1y observed. Moreover, many fruits were found dropping 

from their units, which.may part1y have been caused by strong 

wind or heavy rains during that period, but a more important 

reason was probab1y attributable to the formation of the ab­

scission layer in the fruit spurs when fruits reached their 

physiologica1ly aged period earlier, due to inadequate supply 

of food (Jacobs, 1962). Since these fruits had shrunk in the 

late sampling dates, the last measurements of their increment 

are shown in negative results (see Table 5). 
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Appearance of fruit growth in leafed group (Group 2) 

As shown in Table 5, fruits in the leafed units grew in 

an almost normal manner. Their rate of growth, size and ac-

cumulated dry matter exceeded aIl those of fruits in the leaf­

less units by a considerable margine The highest accumulation 

of dry matter was on August 25 when an increase of 18.19 gm. 

was recorded; the largest volume measurement was also found on 

the same day. Fruits were found to have a continuous growth 

inside the girdles from the very beginning of the experimental 

period up to its end. Unlike those fruits in the leafless 

units, no fruit in this group was observed to have fallen off 

at the end of the experimental periode However, at the ripe 

stage, the fruits in this group were only two-thirds the size 

of the normally ripe fruits, and they were found not to ripen 

as other fruits on the tree did. Green or light green color was 

still found prevailing on the surface and less red pigments than 

was the case with normal fruits. 

A comparison of the net assimilation rates (Es) in the leafed 
and leafless groups 

The data for the production of dry matter by the leaves 

and the skin obtained in the double-girdled method expressed in 

'net assimilation rate' (Ea ) are shown in Table 6. These net 

assimilation rates are expressed as milligrams of dry weight 

per square d~cimeter of photosynthetic area (leaf or skin) per 

day (Gregory, 1917; Ryugo and Davis, 1959). This rate was com-

puted from the equation: 



, in which Ea is the net 

assimilation rate, W is the dry weight of the fruits, t is 

the time and L is either the sum of ~he area of the leaves 

146 

between the girdles plus that of the skin of the fruits in 

the leafed group, or the skin area of the fruits in the leaf-

less group. The symbol Ea in Table 6 represents the net as-
. 1 

similation rate of leaves plus skin of the fruits in the leafed 

group: Ea is that of leaves only in the same group. Ea 
2 3 

represents the net assimilation rate of fruit skin in the 

leafless group. The last column in Table 6 is a ratio of the 

net assimilation rate of the leafless group to that of the 

leafed group expressed in percentage. 

In examining the net assimilation rate of the skin 

tissues in the leafless group in Table 6, it was found that 

these skin tissues supplied dry matter to the fruits at a high .. 

speed, ranging from 38.7% to 85.7% of that of the adjacent 

leaves. The closest rate of these two groups, leafed and leaf­

less, was observed on August 12 when rapid fruit growth had 

gradually slowed down, and fruits in both groups were ac­

cumulating dry matter. The lowest rate of the leafless group, 

as compared to that of the leafed group, was observed on the 

date July 30, wh en their ratio was approximately 1:3, in­

dicating leaves were still the main site of photosynthesis, 

in which further photosynthates were being produced before 

their tissues became mature. 
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The total carbohydrate content in the fruits, as shown 

in Table 5, does not have a continuous increase in the period 

of fruit growth. whereas fluctuation is observed throughout 

the whole experimental season. It therefore appears im­

possible to relate this carbohydrate content to one of the 

indices for fruit growth, or for the ability of these leaf or 

skin tissues to supply dry matter to the fruits. However, the 

ups and downs of this carbohydrate content in both groups are 

observed to follow each other closely, indicating that the 

supply of carbohydrates to the fruits from either the leaf or 

the skin is metabolically the same, which relates to the season 

but differs only in concentration. 

When the net assimilation rates of these two groups 

are found at a generally close range, it appears that it is 

not logical for skin tissues to supply dry matter to fruits at 

such a high rate as shown in the data. Leaves are generally 

regarded as the main photosynthetic site of the plant, in which 

the photosynthates produced are continuously supplied to various 

organs for growth or other metabolic activities. When skin 

tissues are viewed anatomically, it is obvious that there is 

less chlorophyll content in these tissues than that in the 

leaves. It was, therefore, anticipated that if skin were able 

to supply dry matter to the fruit, it should be at a slow rate, 

much slower than it had been found in this experiment. When 

this doubt arose, a detailed inspection of the methods and 

experimental procedures performed in this experiment was 



undertaken, and a major discrepancy observed at the ringing 

step. Wh en the twig bark was ringed at the beginning of the 

experiment, the cut on the bark was covered with grafting 
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tape, and it was inspected at an interval of ten days to check 

if the cut was healedt a re-cut was made when healing did 

happen, and these re-cuts were performed many times. It was 

observed that these cuts made after the first ringing, were 

healed a few days before they were inspected at the routine 

interval of 10 days, and this was found most frequently in the 

leafless units. Since the cut was healed, the supply of photo­

synthates from non-adjacent leaves or other sources might have 

come into these girdled fruits, and thus a large portion of 

the increase of dry matter in the fruits may be accountable 

to an influx of photosynthates from sources other than the 

adjacent leaves or fruit skin. Further, at the time of sampling, 

aIl the leaves in the leafed units were collected and their 

areas were used sUbsequently as the basis for photosynthetic 

area in Group 1. However, when these leaves were examined care­

fully, it was noticed that some of them were yellow or brown 

in color. While these yellow or brown leaves may not have 

contributed to the supply of dry matter to the fruits, the 

addition of their areas into the photosynthetic area of 

this leafed group for calculation may simply have resulted 

in an apparent smaller assimilation rate than anticipated, 

and the Ea calculated in this group is accordingly closer to 

that of the leafless group. Moreover, the measurement of the 

fruit skin area may also contribute to this apparently high net 



assimilation rate in the leafless group. The fruits used in 

this experiment were not perfect spheres, but were slightly 

oval in shape; the use of the formula originally for sphere 

surface arearesuTted in a slightly smaller area than the 
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fruit actually had, hence a higher Ea was calculated. 

Furthermore, the oven used in the experiment for drying apples 

was not weIl under control, there was a possibility that the 

sliced apple fruits were not completely dried before their 

weight was taken, which may also lead to a higher assimila­

tion in the calculation. Finally, the small number of ex­

perimental samples used in this experiment appears not to meet 

the requirement of a highly-valid statistical representation. 

While the present experiment was carried out concurrently with 

the elaborate experiments previously reported, and it was only 

on a trial basis, the author was limited to the number of 

samples which a single operator was capable of processing. 

It is hoped that more elaborate methods will be designed to 

further this exper1ment •. 



TECHNIQUES, AN INVESTIGATION AND APPRAISAL 

A. Introduction 

This chapter examines and elucidates some of the 

methods used in the present experiments, and in previous 

studies conducted in this department in order to attain a 

better understanding and to improve the effectiveness of these 

techniques. Sorne sections deal with a number of precautionary 

measures which the present writer has found necessary during 

the course of his own experiments throughout th1s thesis 

project, while some paragraphs report the failure of cer-

tain techniques because of certain laboratory conditions pre­

vailing at the time, and the nature of the samples used. The 

writer believes that these observations will help to serve, 

in one way or another, as an aid or reference for people con­

ducting similar investigations in the future. The suggestions 

contained herein do not necessarily reject nor substitute for 

procedures described or carried out by other workers, but 

rather, within the limits of the writer's capacity, are supple­

mentary to them. It is noted that Mr. C. Chong, a fellow 

postgraduate student in the Department of Horticulture, collaborat­

ed in part of the investigation of the techniques on thin layer 

chromatography. 
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B. An Experiment to Observe the Solubility 
of Sorbitol and Related Sugars in 
Various Concentrations of Ethyl 

Alcohol 

Whetter (1962), in her experiment dealing with the 
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extraction of leaf samples by ethyl alcohol, found that the 

solubility of sorbitol in 70% alcohol was greater than in a 

dilution of 80%, a dilution generally used by many resasearch-

ers for plant extracts (Ash and Reynolds, 1955a, 1955b; 

Hutchinson ~ ~., 1959; Trip et al., 1965; Williams, 1966). 

She found up to 30 gm. sorbitol dissolved in 100 ml. of 70% 

ethanol. This dilution was later used by Liu (1967) in, her 

extraction of apple leaves and fruits. During the routine 

work of this study, it came to the mind of the present writer 

that if this dilution of 70% ethyl alcohol could be further 

increased with more water content, more alcohol would have 

been saved and expenses reduced, because the amount of al-

cohol consumed each day for extractions was very large. More­

over, the interest aroused by Whetter concerning the relation 

of sorbitol solubility to alcohol dilutions prompted the writer 

to perform a careful investigation of this problem. 

Materials and methods 

This experiment was conducted to compare the solubility 

of sorbitol and related sugars in different dilutions of ethyl 

alcohol within the range of 55% to 80%. 



Ethyl alcohol (95%) was diluted into aliquots of 55%, 

60%, 70%, 75% and 80% concentrations which were placed 

separately in five different glass jars. For each percent-
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age dilution a constant quantity of l gm. each of sorbitol, 

glucose, sucrose and raffinose was placed in respective 10 ml. 

beakers, and a constant volume of 2.5 ml. of ethyl alcohol of 

the selected dilution was syringed into each beaker to dissolve 

the carbohydrate inside. Because of its great solubility, 2 gm. 

of fructose wer.e used in a similar procedure. Each solution was 

vigorously but carefully stirred with a fine stirring rod to 

enable the solute to dissolve as much as possible. The whole 

solution plus residue was carefully poured onto a pre-weighed 

Whatman No • .50 filter paper placed inside a Buchner funnel and 

filtered under vacuum. Each filter paper with residues was 

taken out cautiously and dried in the air and weighed. By sub­

tracting the weight of residue left on the fl1ter paper from 

the original weight of carbohydrate used, the quantity of a 

particular carbohydrate dissolved in each dilution of ethyl 

alcohol was accurately determined. The results, after convert­

ing into percentages, are shown in Table 7. 

Results and discussion 

In examining the results shown in Table 7, it was ob­

served that the dilutions of ethyl alcohol of 55%, 60% and 70% 

were ideal for sorbitol extraction from plant tissues, because 
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Table 7. Percentage of carbohydrates dissolved in various 
concentrations of ethyl alcohol at room tempera-
ture (22°C.) 

CarbohIdrates dissolved. ~ 
Ethyl 

% alcohol, Sorbitol Fructose Glucose Sucrose Raffinose 

55% 100% 52.5% 38.8% 100% 12.1% 

60% 100.~ 96.3% 37.3% 94.6% 7.8% 

70% 100% 96.0% 20.7% 89.7% 5.1% 

75% 93.4% 87.3% 2.1% 36.7% 5.9% 

80% 14.5% 77.3% 0.0% 37.5% 3.2% 

Amount of carbo-
hydrate (mgm.) in 
2.5 ml. of ethyl 
alcohol 1.0 2.0 1.0 1.0 1.0 

Equivalent amount 
in 100 ml. of 
alcohol 40.0 80.0 40.0 40.0 40.0 



it was readily soluble in each of them. The gross amount of 

sorbitol dissolved in these dilutions was shown up to 40 gm. 
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per 100 ml. of alcohol, 10 gm. more than the quantity found by 

Whetter. Fructose and sucrose were also very soluble in each 

of the above three dilutions. Fructose attained its greatest 

solubility in ethanol at 60% dilution while sucrose reached 

its maximum in 55% alcohol. The solubility of glucose was 

observed fair at these dilutions reported, with the largest 

amount dissolved in 55% of ethyl alcohol and the lowest at 

70%. Raffinose, only sparingly soluble in each of these al­

cohol dilutions, had a solubility inversely proportional to 

the quantity of alcohol present in the solution. This in­

versely proportional relationship was found to be true for aIl 

carbohydrates but sucrose in the dilutions of 75% and 80%, in 

which the reductivn of alcohol in the solution was marked by 

an increase in carbohydrate solubility. Glucose, which had a 

solubility of only 2.1% at 75%, did not dissolve at aIl at 

80%. Raffinose was the least soluble at 80% alcohol dilution, 

with sorbitol the second (14.5%); however, fructose was found 

still relatively soluble in this dilution. The overall pic­

ture of these results rendered an impression that the solu­

bility of sorbitol and related sugars increased with the in­

crease of water content; and at 55%, rather than at 70%, the 

solubility of aIl carbohydrates with the exception of fructose, 

attained the highest level in aIl the dilutions under investiga­

tion. The levels at 60% were also relatively satisfactory and 

were better than that at 70%. 
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Since water is generally regarded as the best solvent 

for carbohydrates, and the purpose of selecting a particular 

solvent here is to obtain maximum efficiency in the extraction 

of these compounds from the samples, it seems quite unreason­

able not to use water as an extracting medium. Nevertheless, 

the chemical properties of certain compounds present in the 

present samples, or which ultimately became present due to 

reaction, did not easily permit the use of water as a solvent. 

The fruit tissues were found to change into a dark brown color 

under heating when water alone was employed. This was due to 

the dark complex called melanoidin formed during the reaction 

of sugars and ami no acids inside the fruit tissues, which is 

generally known as the Maillard Reaction (Danehy and Pigman, 

1951). This darkening of the tissues may eventually interfere 

with the separation of the individual compounds on the chromato-

gram. 

However, this darkening, in Maillard's own words 

(cited by panehy and Pigman, 1951), can be decreased by lower­

ing sufficiently the moisture content of any solvent used for 

extraction, hence the less water there is present, the lesser 

the extent of this reaction. 

Bearing this in mind, water alone was avoideél as an 

extractive medium, and a water dilution of ethyl alcohol, the 

usual solvent for this type of sample extraction was retained. 

Indeed, experiment results showed also that samples extracted 

in 80% ethyl alcohol, with respect to suppression of Maillard 
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Reaction, were 1ike1y to give the most satisfactory resu1ts; 

and that effectiveness in this regard, decreased with decreas­

ing a1coho1 content. 

Therefore, it can be concluded that, a1though the di­

lutions of 55% and 60% a1cohol have a high abi11ty to dissolve 

large amounts of sorbitol and other sugars, they fai1 to lower 

the browning of the tissues in the reacting solution, whereas 

the dilutions of 75% and 80% are sufficient to lower the 

l1ai11ard Reaction, but not satisfactory in their abi1ity to 

dissolve a large quantity of the aforesaid carbohydrates. Thus, 

the dilution of 70% becomes the only satisfactory compromise. 

Its abi1ity to dissolve sorbitol, the most important carbo­

hydrate in this study, is shown by this experiment to be 100%, 

and the content of a1coho1 in it is sufficient to reduce the 

browning reaction to a considerable extent. In view of these 

facts, Whetter's recommendation, name1y, that 70% ethy1 a1-

coho1 be used, was retained and used to extract the tissues of 

app1e fruit in the experiments already described in this thesis. 

The heating step in the course of extraction did he1p to 

compensate for the comparatively lower solubi1ity of other 

sugars in this dilution (70%) as compared to their solubi1ities 

at room temperature (22oC.) in the 55% and 60% ethano1 solu­

tions. 



C. A Test to Examine the Suitability of Roe's 
Method for Fructose Determination as 
Compared to that of Phenol-Sulfuric 

Acid Method 

Before the thesls project was started, it was found 

that a fast and convenient method was necessary to determine 
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the sugars in the apple fruit tissue. Since a large number of 

experimental samples were collected in this thesis study, it 

was impossible to use different methoœ for different suganas 

done by Liu (1967). In her determination of sugars in apple 

leaf and fruit tissue, Liu employed the anthrone method for 

glucose and sucrose, and Roe's method (1934) for fructose. 

However, it was found that sugar alcohols reacted with this 

anthrone reagent (Graham, 1963); further, this reagent required 

fresh preparation almost every time, and a large quantity of 

sulfuric acid was consumed. It was also noticed that the 

method of Roe, which was originally used to determine fructose 

in blood and urine, required a lengthy manipulation. More 

importantly, it was observed that the color developed by the 

reagents in Roe's method was very unstable, even within a short 

time interval. Roe pOinted out, in describing his procedures, 

that the red color obtained was dependent on the velocity of 

the reaction at an elevated temperature, and the percentage 

transmission should therefore be read immediately after the 

cooling step, because this color began to fade after standing 

for 30 minutes. This test was intended to study the color 



changes in this method at different time intervals, and to 

compare its suitability for fructose determination with that 

of phenol-sulfuric acid method. AlI materials and methods 

and experimental procedures are identical to that reported by 

Roe (1934) or by Liu (1967). 

Results and discussion 

In the course of testing the validity of this method, 

it was noticed that something more than the color fading was 
-
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involved. The color developed in the reaction was observed to 

change 10 minutes after the whole series of experimental pro-

cedures was completed. Instead of fading to lighter colors, as 

described by Roe, the readings obtained at time intervals of 

10, 30 and 60 minutes showed a decrease in the percentage of 

light transmission, which in other words, indicated an in-

crease of color intensity. The transmission readings taken 

at these time intervals are summarized in Table 8. 

It is quite surprising to see the color developed be­

gan to change only 10 minutes after the experiment. The dif-

ference obtained from transmission readings taken at 30 and 

60 minutes was very large, particularly when fructose content 

was high. At low concentration, however, a decrease in per-

centage light transmittance was observed to be in accordance 

with an increase of the concentration of fructose. Yet, when 

the concentration was up to 140 ~g., this decrease in light 

transmi tte.nce stopped and arise was observed wi th the increase 
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Table 8. Transmission readings taken at different time intervals in the quantitative 
determination of fructose by Roe's method (average of triplicate readings) 

(A) Blank 20 40 60 80 100 120 140 160 180 200 

(B) 100 81.0 71.8 65.5 64.0 62.0 58.0 59.0 59.2 57.0 56.0 

10 minutes 

(C) 100 81.0 71.8 65.5 63.0 60.5 56.3 58.3 59.0 -ry 3 ), . 56.8 

:20 minutes 

(C) 100 81.3 71.8 65.0 60.0 57.0 54.5 55.8 57.8 56.8 56.3 

60 minutes 

(C) 100 80.8 70.3 61.7 56.0 52.5 48.5 50.3 49.8 48.8 48.8 

24 hours 

(C) 100 83.8 75.3 68.0 61.3 57.8 54.0 52.0 50.0 47.8 46.3 

(A) Concentrations of fructose in pg. 
(B) % transmittance at 520 my. taken immediately after the whole series of experimental 

procedures. 
(C) % transmittance at 520 mp. taken at various time intervals as indicated after the 

experiment. 

1-' 
\.ri 
\Q 
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of fructose content. This behaviour was found consistent for 

the first four time periods as reported in Table 8, but not 

in the 24-hour periode This abnorma1 increase in percentage 

transmittance with increase of fructose concentration did not 

obey Beer-Lambert Law, in which 1ight transmittance of a cer­

tain substance in solution is inverse1y proportional to its 

concentration. Since this decrease obtained was not linear, 

it would obscure the later quantitative calcu1ation if it 

were used as a standard. Neverthe1ess, this abnormality shown 

in the resu1ts did not persist long, a linear decrease was ob­

served again at concentrations of 180 pg. or higher. 

In view of this unstability of color in the solution, 

transmission readings for the samp1es after the experimental 

procedures haw to be taken rapidly. Since a large number of 

samples 8TB used in this thesis experiment, thirty or fort y 

samples are usually required to analyze at the same time to 

minimize any experimenta1 error that may arise, it is im-

pOSSible to handle them within a period of five to ten minutes 

in orderto'avoid the color change. Moreover, the abnorma1ity of 

light transmission occurred at 140 pg., which, as a consequence, 

does not allow the use of fructose solution beyond this concentra­

tion. Since fructose is present as the most abundant sugar in the 

fruit tissues, and further dilution to obtain a suitab1e low 

concentration requires lengthy manipulation, this method does 

not appear to be a good and convenient one for the determina-

tion of this sugar, and therefore it is not recommended. 
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On the contrary, the use of phenol-sulfuric acid 

method for the determination of fructose was found to eliminate 

aIl the shortcomings so reported for the above method. The 

results in percentage transmittance of several trials on 

fructose determination are summarized in Table 9. It is ob­

served that much consistent results were obtained at different 

time intervals. Although aslight difference was still found 

at the 60-minute period, this was not Sh01~ to be significant­

ly different. The overall curve obtained at either of the 

time intervals agreed weIl with Beer-Lambert Law and an ab­

normal appearance was observed at high fructose concentration. 

Besides the fact that consistent results can be obtained by 

this method, it has been proven good also for the determina­

tions of glucose, sucrose and raffinose •. Furthermore, the 

manipulation of this method is very simple and only one re­

agent is needed to prepare, which can be used for several 

months. 

D. Notes on Starch Determination 

During the determination of starch, sorne special 

techniques and precautionary rneasures were observed and found 

to be worth recording as a guide to a better future handling 

of this method. The following seven points are directly re­

ferred to in the procedure numbered with an asterisk in the 

section Starch Determination, in the chapter Materia1s and 

Hethods of Experirnent 1. 
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Table 9. Transmission readings taken at different time intervals in the quantitative 
.determination of fructose by the phenol-sulfuric acid method (average of 
triplicate readings) 

(A) Blank 10 20 30 40 50 60 70 80 90 100 

(B) 100 88.0 77.8 65.0 64.9 54.5 47.0 45.0 40.8 35.5 31.8 

2 minutes 

(c) 100 88.0 77.8 65.0 64.9 54.5 47.0 45.0 40.8 35.5 31.8 

60 minutes 

(c) 100 88.0 77.8 65.0 64.5 54.0 47.0 . 44.5 40.8 35.5 31.5 

(A) : See footnotes (A) under Table 8. 

(B) and (C) : See footnotes (B) and (C) under Table 8 excepting that the wavelength used 
here is 490 mp. 

1-' 

'" 1\) 
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1. For colorimetrie analyses it is essential to dis­

perse the starch in a fine, stable colloidal suspension with 

minimum hydrolysis to sugar. High perchloric acld concentra­

tion, high temperature and increased time of digestion tend to 

favor this starch hydrolysis. Diluting 72% perchloric acid to 

about 7.8 N avoids, to a large extent, the hydrolytic effect 

and the temperature rise due to heat of dilution (Nielsen and 

Gleason, 1945), and more consistent results are thus obtained. 

2. Five to ten minutes' digestion completely dis­

perses the starch in aIl samples with maximum color develop­

ment; 3 minutes' digestion is inadequate for dispersing the 

starch in some samples; while less color, presumably due to 

hydrolysis, is obtained in samples digested 15-30 minutes 

(Carter and Neubert, 1954). 

3. Whatman No. 2 filter paper filters off starch 

(Nielsen, 1943). 

4. The size of the volumetrie flask depends on the 

approximate amount of starch in the samples. Carter and 

Neubert (1954) found that in their study, 500 ml. flask was 

suitable for 1.5-3.0% starch, 250 ml. for 0.7-1.5% starch and 

100 ml. for a trace to 0.7% starch. In Table l of their paper, 

the percentage of starch in different varieties of apple was 

shown at around 1.4%, thus a 250 ml. volumetrie flask was 

chosen for this purpose. 

5. The volume of aliquot here is not essential, the 

important point is to make sure that there is enough 



concentration of starch in the aliquot to react with iodine 

and not over, so as to obtain a reading within the range of 

20-80% of transmittance. 

6. Sodium thiosulfate solution should not be over-
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used or applied too early since it clouds the solution instead 

of clearing it. 

7. In handling perchloric aCid, extreme care is re-

quired, since it is a very dangerous aCid, which explodes on 

contact with oxidizable or combustible, dehydrating or re­

ducing agents. It is sold always in 72% and 60% to avoid this 

danger. A reading of the article "Note on perchloric acid 

and its handling in analytical work" prepared by the Analy~ical 

Method Committee is recommended (Analys~ 84, 214-216, 1959). 

E. A Brief Report on the Application of Thin Layer 
Chromatography in the Study of Carbohydrates 

in Malus Tissues 

Within the past ten years, thin layer chromatography 

has gradually developed into an important analytical technique 

of high adaptability which has been successively modified for 

quantitative analysis in microscales (Stahl, 1965; Kirchner, 

1967). Workers in this field have used a variety of names for 

this technique. It has been referred to as surface chromato­

graphy, open-column chromatography, thin layer chromatography, 

thin film chromatography, coated glass chromatography, laminar 

chromatography and striP or plate chromatography. However, 
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thin layer chromatography is the most common term and often 

it is abbreviated as TLC (Stahl and Kaltenbach, 1961a, 1961b). 

The modern basis of TLC was laid by the extensive 

studies of Stahl and his co-workers in Germany in 1956 (Stahl 

and Kaltenbach, 1961a; Stahl, 1965). They first developed a 

practical laboratory technique for producing uniform thin 

layers of various powdered materials on glass plates. The 

term 'thin layer' was introduced to indicate that a layer of 

slurried material had been applied to a sheet of glass and that 

this layer was about 0.25 mm. thick, thus differentiating this 

technique from paper chromatography. This development is a 

major advance in the techniques for separating the consti­

tuents of a mixture from each other. Thin layer chromato­

graphy was first presented to the European Convention on 

Chemical Engineering, held at Frankfurt, Germany in 1958. 

Much interest was attracted from scientists, laboratories and 

industries. It thus became generally known, and as a result, 

it soon became widely employed as a research technique. 

Thin layer chromatography has found usage in the study 

of a broad range of compounds, including pheno~ lipids, ter­

pene derivatives, vitamins, steroids, amino acids and nucleic 

acids, etc. (Stahl, 1965). Unfortunately, its application in 

respect of carbohydrates is limited and often not extensively 

elaborated in books concerning this technique (Hay et al., 

1963). However, some research is also being done in the carbo-

hydrate field, in the separ~tion of si=p18 S~o~~G {st~~! and 
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Kaltenbach, 1961a), digitalis and podophyllum glycosides 

(Stahl and Kaltenbach, 1961b), methylated glycosides (Gee, 

1963), acetates (Tate B,nd Bishop, 1962), commercial sugars 

(Bracher and Bauly, 1965), lipids (Morris, 1962, Wren, 1960), 

polyols and their derivatives (Hay et !l., 1963) and so on. 

Nevertheless, the separation of pOlyols by thin layer chromato­

graphy has been rarely used (Lewis and Smith, 1967b). 

Before the thesis project was started, the author had 

the chance to conduct a series of tests on the suitability of 

this technique on the fruit and leaf extracts used in this 

study. The following report concerns a number of trials con­

ducted in an effort to apply thin layer techniques to the 

chromatography of such extracts. 

Materials and methods 

(1) Chromatoplates 

a. Plain silica gel plates 

A slurry of 28 gm. silica gel G (E. l''ierck, A.G., 

Darmstadt, Germany) in 60 ml. of distilled water was shaken 

vigorously for 90 seconds and appliedto smooth glass plates 

(20 x 20 x 0.3 cm.) at a thickness of 0.25 mm. using a stand-

ard applicator. The plates were left to dry at room tempera­

ture until the gel had set, then heated to l35°c. for one hour. 

The serrated plates were scraped with a knife to remove ad­

sorbent from the ridge peaks. 



b. Bisulfite-1mpregnated siliea ~el G ulates 

A slurry of 40 gm. of silica gel G in 80 ml. of 0.1 

M sodium bisulfite solution (Adachi, 1965) .as applied to 

the glass plates. The plates were allOïfed. to stand for 30 

minutes at room temperature, then dried in an oven at l20oC. 

for an hourI 

c. Borate-impregnated silica gel G nlates 

A slurry of 30 gm. of silica gel G was shaken vigor­

ously with 60 ml. of borate buffer {O.02 ]!::, pH 8.0 : 100 ml. 

0.02 !Ii borie acid solution, pH 5.9, and 3.0 ml. of 0.02 Ivj 

sodium tetraborate solution, pH 9.3.} (3acin and IvIishkin, 
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1965) for 60-90 seconds. Glass plates were coated to the usual 

0.25 mm. thickness with the applicator. The plates were kept 

at room temperature until they were set and then dried for 30 

minutes at 100oC. They were stored at rooa temperature in the 

dessieator; and like other plates, they Nere activated for 30 

minutes at 100oC. before use. 

(2) Spotting and developing 

The extraets were spotted by a 5 pl. Drummond dis­

posable pipette and plates were developed in a pre-equilibrat­

ed jar, with a dimension speeifically for thin layer plates, 

by one-dimensional aseending ehromatogra~hy. ?he solvent front 

was allowed to migrate up the plate for 15 CID. 



e (3) Solvent systems 

Data concerning the various solvent systems attempted 

in these trials are tabulated below: 

No. Solvent systems 

A n-butano1-acetic 
acid-ethy1 

Proportions 
(by volume) 

Time for 
migrating References 
to 15 cm. 

(min. ) 
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ether-water 9:6:3:1 105 Hay et âl., 1963 

B n-butano1-acetic 
acid-water 6:3:1 

C Ethy1 acetate­
isopropano1-
water 16:6:3 

D Isopropano1-
ethy1-acetate-
water 54:7:2 

E l1ethy1 ethy1 
ketone-acetic acid 
water 3:0.5:1.5 

F n-butano1-acetic 
acid-water 5:4:1 

(4) Spraying reagents 

60 

45 

55 

90 

120 

Stah1, 1965 

Prey et ~., 1963 

v.Iasserman and 
Hanus, 1963 

Adachi, 1965 

Jacin and 
Hishkin, 1965 

'rhe plates after running in the various solvent 

systems were heated in the oven at 120-135°C. for approximate1y 

10-15 minutes before they were sprayed with appropriate spray-

ing reagents. These spraying reagents are described as in the 

fol1owing: 



a. Mixture of 0.5% potassium permanganate in 0.1 N 
NaOH (l:lJv:v) 

This alkaline permanganate spray readily detects aIl 

compounds with free hydroxyl groups or compounds which are 

derived with alkali-labile, groups and hence gives good de­

tection of polyols and sugars (Hay et ~., 1963). The carbo­

hydrates detectèd by this spray on the chromatoplates were 

observed to appear as bright yellow spots in a light purple 

background which faded to white spots on a brown background 

on standing. 

b. Phenol-sulfuric acid reagent 

This solution contains 3 gm. of phenol and 5 gm. of 

concentrated sulfuric acid in 95 ml. of ethyl alcohol. The 

carbohydrates, when sprayed, appeared as red brown spots. 

The color of these spots could be intensified by further heat-

ing. This reagent could still be used when several days old. 

Results and discussion 

The Rf values of the five carbohydrates, namely, 

sorbitol, fructose, glucose, sucrose and raffinose recorded 

in different solvent systems are summarized in Table 10. 

In the course of these trials on thin layer chromato-

graphy, it was found that the solvent system, n-butanol-acetic 

acid-ethyl ether-water (9:6:3:1) used by Hay ~ al. (1963) was 

the best one for the separation of the aforesaid five carbo­

hydrates, therefore effort in this test was centered on the 
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Table 10. Rf values of five carbohydrates present in apple fruit and leaf extracts 
obtained on ,the chromatoplates developed in different solvent systems, using 
different plates and spraying reagents 

Solvent A 

Standard 
compounds 
(Hay et al., 1963) Fruit extract Leaf extract 

Sal11ple No. 1 l 2 3 4 5 1 2 3 4 

Glucose 0.49 0.49 0.44 0.49 0.47 0.46 0.48 0.47 0.33 0.35 

Fructose 0.51 0.43 0.37 0.44 0.44 0.37 0.41 0.44 0.31 0.34 

Sucrose 0.25 0.35 0.35 0.34 0.35 0.32 0.34 0.35 0.23 0.24 

Sorbitol 0.39 0.31 0.26 0.23 0.29 0.23 0.31 0.29 0.22 0.22 

Raffinose 0.13 0.15 0.14 0.15 0.13 0.09 0.12 0.13 0.09 0.11 

Spray 
Reagents a a a a a b a a a a 

Plates w w w w w w w w w w 

Solvent systems ABC D E and F: See solvent systems listed previously in this chapter. 
Spraying reagents: a -- Nixture of potassium permanganate and sodium hydroxide. 

b -- Phenol-sulfuric acid reagent. 
Plates. w Plain silica gel plate 

y Bisu1fite-impregnated silica gel plate 
z -- Borate-impregnated silica gel plate. 1-' 

....:l 
o 
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Table 10 (continued). 

Solvents 
Solvent B C D 

Leaf extract Fruit extract 

l l l 

0.40 no 

0.38 separation 

0.30 was 

0.29 observed 

0.15 

a a a 

w w w 

Solvent E 

Fruit extract 

l 2 

0.43 0.39 

0.46 0.45 

0.29 0.33 

not shown not" shown 

0.22 0.23 

b b 

y y 

e 

Solvent F 

Fruit extract 

l 

0.29 

0.31 

0.28 

not shown 

0.08 

b 

z 

1-' 
"'1 
o sn 
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use of this solvent to separate these carbohydrates from fruit 

and leaf extracts. Unfortunately, it was noticed that while 

Hay and his co-workers succeeded in separating a mixture of 

the five standard carbohydrates required, the present at-

tempt failed to separate them from plant extracts with suf­

ficient efficiency to give definite and reproducible Rf values. 

When examining the chromatoplates, it was found that the spots 

on the plate overlapping each other. This overlapping was 

particularly conspicuous for spots of fructose and glucose, 

because they had adjacent Rf values. Extracts of fruit and 

leaf were found to show the same overlapping pattern on the 

chromatoplates. However, the 'separation of sorbitol and 

sucrose from fruit extract was observed fatrly satisfactory, 

but their spots overlapped each other in leaf extract. It was 

also noticed that yellow bands were trailing these carbohydrate 

spots, and very often they were observed to extend from the 

base line to the solvent front. These yellow bands were seen 

sometimes by the naked eye before the spray operation, when 

they were present in high concentrations. Since these bands 

possessed an almost similar color to those carbohydrate spots 

on the chromatoplate, their appearance often obscured spot 

separation. When examined, they were thought probably to be 

pigments or tannins that had escaped the previous process of 

clarification. Since these bands were not shown on the paper 

chromatogram, their appearance on the th in layer chromato­

plates could probably be attributed to the latter's high 
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sensitivity which detects aIl impurities even at very low 

concentrations (Hay ~ !l., 196); Heftmann, 1967). 
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The solvent system B was found. also to give overlapping 

spots on the chromatoplates and the Rf values of the individual 

carbohydrate spots were very close to each other. Solvents 

C and D were found not to be able to separate the carbohydrates 

1n the present fruit or leaf extract, because spots were seen 

not to migrate up the th1n layer with the solvent. The use of 

the other two chemical impregnated. s1lica gel G plates, namely, 

bisulfite- and borate-impregnated plates in solvent systems 

E and F, respectively, was attempted and the sugar spots were 

found separated out at a fairly definite pattern without the 

interfer1ng substances in between, despite these spots being 

tooth-shaped. But, to the disappointment of the author, 

sorbitol, the most important carbohydrate in the thesis study, 

was not detected on the chromatoplates. 

The discrepancies observed in these trials, when ex­

amined carefully, were found to have resulted from many fac­

tors. The fact that no suitable solvent system was d1scover-

ed to allow a good separation of aIl the aforesaid carbohydrates 

in fruit or leaf extract appears to be the first problem. 

The uneven thickness of the silica gel layer on the plates 

and the presence of pigments in the extracts Rre also import­

ant reasons. Moreover, the layering apparatus currently 

used in the department does not allow the production o~ smooth 

and uniform thin layers on the plates, which is very critical 
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with respect to spot separation. As for the pigments, the 

extracts used have been clarified by lead acetate and sodium 

oxalate before as described in Materials and Methods, Ex­

periment l, no attempt is made to clarify them again by other 

clarifying reagents, because it is feared that the composi­

tion of the extract will be affected. Since it is noticed 

that no interfering substances are detected on paper chromato­

gram when the same extracts are used, the clarifying step is 

regarded satisfactory as far as paper chromatography is con­

cerned. Other factors which may be connected with the diffi­

cult Y in separating these carbohydrates on thin layer plates 

include the possibility of spotting an excessive volume of 

extract on the layer, and carelessness in the handling or 

controlling of the drying and activation procedures. 

Since paper chromatography had been proven previously 

in this department to be a useful tool in the separating of 

carbohydrates in fruit and leaf extracts, and no pigment or 

yellow bands were found on the paper chromatogram, and be­

cause of the convenience of uSing paper for the larger number 

of experimental samples in this project study, decision was 

finally made to go back to paper chromatography. However, 

there are also sorne other reasons why thin layer chromato­

graphy was not selected. It is noticed that, with the 

limited facilities in the department with respect to ~hin 

layer chromatography, only a few samples can be processed at 

a time, when TLC is employed. AIso, since the silica gel 
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layer on the plate is not permanent, it breaks when subject­

ed to slight external disturbance, an inconvenience thus 

arises that no plate is able to be prepared weIl before its 

use; or if this is possible, the only dess1cator in the de­

partment can only prov1de storing space for a lim1ted number 

of plates. Further, time 1s requ1red to prepare these 

plates, and aIl the plates so prepared are not necessarily 

applicable for spott1ng, because uneven thickness is very 

often observed on some plates. When paper chromatography 1s 

employed, th1s procedure of preparing layers is automat1cally 

eliminated, and aIl the paper chromatograms are of a uniform 

s1ze. Moreover, the application of thin layer chromatography 

requires a much more expensive maintenance than that of 

paper chromatography, part1cularly in this thesis project 

when large numbers of samples are needed to process. It, 

therefore, appears that the selection of paper chromatography 

over TLC for this thes1s study is a logical approach. 

F. Suggestions for Chromatography 

Lewis and Smith (1967b), in the1r review of analytical 

methods for sugar alcohols, predicted that gas-liqu1d 

chromatography would eventually become a standard practice 

for quantitative analysis of sorbitol and other polyols from 

plants. It is considered by the present writer that if this 

technique were adopted in a project such as the one described 



in the preceding pages, a rapid and accurate assay of the 

experiment samples could be carried out free of the ne-

cessity for those stringent steps of separation, identifica­

tion and quantitative determination used in paper or thin 

layer chromatography. Since gas chromatography does not re-

quire a lengthy operation in which experimental errors are 

likely to occur, and qualitative and quantitative data can 
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be obtained at the same time, it is suggested that the future 

analyses of sorbitol and its related carbohydrates may pro­

fitably employ this technique to facilitate a rapid, efficient, 

and accurate determination of the samples and to minimize 

possible interference of certain components by extraneous 

materials during the usual experimental processes. It is 

also recommended that sorbitol be separated in gas chromato-
\ 

graphy as its tri-methyl-trimethyl-silyl derivative, as was 

done by Williams (1966) and recommended by Lewis and Smith 

(1967b). 



SUMMARY 

The seasonal occurrence of sorbitol and its related 

carbohydrates in the fruits were studied in a two-year 

period during fruit growth and in storage. Night variation 

of these carbohydrates was followed in the first year during 

the fruit growing periode Sorbitol was observed at highest 

level when fruits were just set, while the other sugars were 

comparatively low in content. The graduaI increase in re­

ducing·sugars and starch during the active fruit growing 

period was coupled with a decline of sorbitol content. In 

the ripe stage, a slight rise of sorbitol was echoed by a 

rapid accumulation of reducing sugars, whereas sucrose, 

raffinose and starch were observed to decrease. In re­

frigerated storage, sorbitol decreased initially, levelled 

off for a time, and subsequently increased slightly. Re­

ducing sugars were found to interconvert rapidly throughout 

the storage periode Sucrose was accumulated towards the end 

of storage, while raffinose remained low and starch dis­

appeared completely in December. Night occurrence of sorbitol 

in the season was reflected in an initial higher level than 

the day content. This was followed by a low level during 

active fruit growth. However, aIl carbohydrates, including 
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sorbitol, were at higher concentration at night at the time 

of growth cessation and fruit-ripening. 
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Fructose is the most prominent carbohydrate in fruits 

both during the growing period and in storage, while glucose 

is ordinarily in excess of sorbitol. The rapid dec1ine of 

sorbitol during period of active fruit growth suggests its 

utilization as an energy source for plant metabolism, whereas 

its accumulation in the ripening stage and in late storage 

indicates its role as a storage form of carbohydrate in fruit­

tissues. The matching pattern of sorbitol, fructose and 

glucose in storage suggests that sorbitol was an intermediate 

in the interconversion of the latter two reducing sugars, and 

also its ready interconvertability with each of them. 

An experiment on the skin tissues from fruits during 

the growing period and in late storage revealed a carbohydrate 

pattern similar to the pulp tissues. The resemblance of the 

variations of carbohydrates in both skin and pulp tissues 

suggests that the metabolic reactions affecting carbohydrates 

in these tissues are identical. 

Results from the preliminary experiment on skin 

photosynthetic ability showed that skin was able to supp1y 

food materials for continued fruit growth, despite the tact 

that such supply was at a slower pace compared with that of 

the adjacent leaves. When discrepancies were found in the 

methods, more elaborate techniques were expected to be de­

signed in furthering this experiment. 



178 

Various techniques were discussed in the last chapter 

to evaluate the suitability of their applications in the pre­

sent project. The dilution of ethyl alcohol at 70% and the 

phenol-sulfuric acid method for sugar analysis were found 

highly applicable. While paper chromatography was recommend­

ed for application over thin layer chromatography, the handling 

of the techniques in starch determination was given precaution­

ary modification. 



SUGGESTIONS FOR FURTHER RESEARCH 

1. Since sorbitol has been detected in apple skin tissues in 

stored fruits in considerable amounts, which agrees with 

the observations of Stoll (1967b), and its presence has also 

been related to watercore, a physiological disorder in 

fruits, sorne storage disorders of apple that originate from 

the skin or its surrounding area may probably be related to 

this sorbital accumulation. Suggestions are made to study 

the occurrence of sorbitol in the skin as weIl as in dif­

ferent areas in the apple fruit pulp under different stor­

age temperatures and conditions in order to study the pre­

ceding phenomena. 

2. Apart from the previous suggestion of using gas chromato­

graphy for sample analyses, isotopie techniques are re­

commended for future studies of the variation of this sugar 

alcohol and its related carbohydrates in the fruit, stem and 

leaves. Hourly or bi-hourly samplings for consecutive 

periods are suggested for diurnal studies, and weekly sampl­

ings for seasonal studies. In the course of the diurnal 

study already described, more attention should have been 

directed to establishing a time period in which these 

carbohydrates are in maximal quantities, so that a future 

time table for harvest could have been determined in ac­

cordance with the carbohydrate content of the fruits. To 
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plan future experiments with this in mind will be helpful. 

3. Isotopie techniques are suggested for the study of the 

photosynthetic capacity of fruit skin. It is recommended 

that an experiment be conducted in the greenhouse using 

potted dwarf fruiting apple trees. 

4. Apple used for sorbitol studies should be extended to 

varieties other than McIntosh. Cortland variety is recom­

mended for future study. 
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APPENDIX 

The followtng pages are a few samples of computer 

workings for paired T-tests of the data obtained in 

Experiment 1. The whole series of these workings was 

filed in the Department of Horticulture, Macdonald 

College, McGill University. 



T-TEST OF PAIRED SAMPLES 

OCCURRENCE OF SORBITOL AND RELATED CARBOHYDRATES 

IN APPLE FRUITS 

------------------------------------------------

SAMPLE(FIELD) -DAY, SETS 1 AND II,1968 

SORBITOL 
(MGM/GM OF FRESH WEIGHT) 

SET 1 

4.700 
5.600 
3.960 
1.070 
3.080 
1.830 
1.420 
1.280 
2.180 
1.780 
1.930 

SET II 

4.010 
5.160 
1.530 
2.620 
2.520 
2.280 
1.570 
1.180 
1.990 
1.210 
1.730 

DIFF(I-II) 

0.690 
0.440 
2.430 

-1.550 
0.560 

-0.450 
-0.150 

0.100 
0.190 
0.570 
0.200 

------------------------------------------------

SUM OF THE DIFFERENCES = 3.0300 

MEAN DIFFERENCE = 0.2755 

STANDARD DEVIATION OF DIFFERENCES = 0.9535 

STANDARD ERROR OF MEAN DIFFERENCES = 0.2875 

DEGREES OF FREEDOM = 10 

T (OBSERVEO) = 0.9581 

T (TABLE) = 2.2280 (P=0.05), 3.1690 (P=O.Ol) 

T (TABLE) X STANDARD ERROR = 0.6405 (P=0.05) 
0.9111 (P=O.OU 

NO SIGNIFICANT DIFFERENCE 

,­
/ 

-------------------- McGILL UNIVERSITY COMPUTlNGCENTRE ---



T-TEST OF PAIRED SAMPLES 

OCCURRENCE OF SORBITOL AND RELATED CARBOHYDRATES 

IN APPLE FRUITS 

------------------------------------------------

SAMPLE(FIELD) -NIGHT~ SETS 1 AND II,1968 

SORBITOL 
(MGM/GM OF FRESH WEIGHT) 

SET 1 

9.860 
3.700 
1.830 
1.120 
0.760 
1.330 
1.030 
3.170 
3.620 
2.250 
1.660 

SET II 

7.980 
7.100 
2.550 
1.050 
1.190 
1.920 
0.430 
2.230 
3.980 
1.460 
1.060 

DIFF(I-II) 

1.880 
-3.400 
-0.720 

0.070 
-0.430 
-0.590 

0.600 
0.940 

-0.360 
0.790 
0.600 

SUM OF THE DIFFERENCES = -0.6200 

MEAN DIFFERENCE = -0.0564 

STANDARD DEVIATION OF DIFFERENCES = 1.3592 

. STANDARD ERROR OF MEAN DIFFERENCES = 0.4098 

DEGREES OF FREEDOM = 10 

T (OBSERVED) = -0.1375 

T (TABLE) = 2.2280 (P=0.05), 3.1690 (P=0.01) 

T (TABLE) X STANDARD ERROR = 

NO SIGNIFICANT DIFFERENCE 

0 .. 9130 (P=0.05) 
1.2987 (P=O.OU 

-------------------- McGILL UNIVERSITY COMPUTINGCENTRE ---



T-TEST OF PAIRED SAMPLES 

OCCURRENCE OF SORBITOL AND RELATED CARBOHYDRATES 

IN APPLE FRUITS 

SAMPLE(FIELD) -DAY, SETS 1 AND II,1969 

SORBITOL 
(MGM/GM OF FRESH WEIGHT) 

SET 1 

9.760 
3.670 
6.080 
6.250 
6.130 
4.940 
5.750 
3.690 
5.750 
5.250 
5.880 

SET II 

'8.670 
7.000 
6.750 
6.750 
6.750 
4.380 
6.880 
4.750 
5.440 
5.440 
5.000 

DIFF(I-II) 

1.090 
-3.330 
-0.670 
-0.500 
-0.620 

0.560 
-1.130 
-1.060 

0.310 
-0.190 

0.880 

------------------------------------------------

SUM OF THE DIFFERENCES = -4.6600 

MEAN DIFFERENCE = -0.4236 

STANDARD DEVIATION OF DIFFERENCES·· 1.2250 

, STANDARD ERROR OF MEAN DIFFERENCES = 0.3694 

DEGREES OF FREEDOM = 10 

T (OBSERVED) = -1.1470 

T (TABLE) = 2.2280 (P=0.05), 3.1690 (P=O.Ol) 

T (TABLE) X STANDARD ERROR = 

NO SIGNIFICANT DIFFERENCE 

0.8229 (P=0.05) 
1.1705 (P=O.OU 

--------------------- McGlll UNIVERSITY COMPUTINGCENTRE ---
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T-TEST OF PAIRED SAMPLES 

OCCURRENCE OF SORBITOL AND RELATED CARBOHYDRATES 

IN APPLE FRUITS 

SAMPLE(FIELD) -DAY, SET 1 t 1968 VS 1969 

SORBITOL 
(l''lGfVGM OF FRESH WEIGHT) 

-1968- -1969- DIFF(68-69) 
------ ------ ----------

4.700 9.790 -5.090 
5.600 3.670 1.930 
3.960 6.080 -2.120 
1.070 6.250 -5.180 
3.080 6.130 -3.050 
1.830 4.940 -3.110 
1.420 5.750 -4.330 
1.280 3.690 -2.410 
2.180 5.750 -3.570 
1.780 5.250 -3.470 
1.930 5.880 -3.950 

SUM OF THE DIFFERENCES = -34.3499 

MEAN DIFFERENCE = -3.1227 

STANDARD DEVIATIUN OF DIFFERENCES = 1.9394 

STANDARD ERROR OF MEAN DIFFERENCES = 0.5848 

DEGREES OF FREEOOM = 10 

T (OBSERVEO) = -5.3402 

T (TAbLE) = 2.2280 (P=0.05), 3.1690 (P=O.Ol) 

T (TAbLE) X STANDARD ERROR = 

SIGNIFICANT OIFFERENCE (P=O.Ol) 

1.3028 (P=0.05) 
1.8531 (P=O.Ol) 

------------- McGILL UNIVERSITY COMPUTINGCENTRE ---



T-TEST OF PAIRED SAMPLES 

OCCURRENCE OF SORBITOL AND RELATED CARBOHYDRATES 

IN APPLE FRUITS 

SAMPLE(FIELD) -DAY, SET II, 1968 VS 1969 

SORBITOL 
(MGM/GM OF FRESH WEIGHT) 

-1968- -1969- DIFF(68-69) 
------ ------ ----------

4.010 8.670 -4.660 
5.160 7.000 -1.840 
1.530 6.750 -5.220 
2.620 6.750 -4.130 
2.520 6.750 -4.230 
2.280 4.380 -2.100 
1.570 6.880 -5.310 
1.180 4.750 -3.570 
1.990 5.440 -3.450 
1.210 5.440 -4.230 
1.730 5.000 -3.270 

SUM OF THE DIFFERENCES = -42.0099 

MEAN DIFFERENCE = -3.8191 

STANDARD DEVIATION OF DIFFERENCES = 1.1269 

STANDARD ERROR OF MEAN DIFFERENCES = 0.3398 

DEGREES OF FREEDOM = 10 

T (OBSERVED) = -11.2403 

T (TABLE) = 2.2280 (P=0.05), 3.1690 (P=0.01) 

T (TA~LE) X STANDARD ERROR = 

SIGNIFICANT DIFFERENCE (P=O.Ol) 

0.7570 (P=0.05) 
1.0767 (P=O.Ol) 

.--------------- Mc G 1 L L U HI VER S 1 T Y C:OMPUTING CENTRE ---
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T-TEST OF PAIREO SAMPLES 
OCCURRENCE OF SURBITOL AND RELATED CARBOHYORATES 

IN APPLE FRUITS 

SAMPLE(STORE) -SEPT.,1968 - rv1AY, 1969 

SORBITOL 
(MGt-I/GI"1 OF FRESH WEIGHT) 

SET 1 SET II DIFF(I-II) 
------ ------ ----------

1.080 2.170 -1.090 
2.700 1.770 0.930 
4.470 3.090 1.380 
1.960 2.250 -0.290 
3.280 1.980 1.300 
0.550 0.790 -0.240 
2.240 2.200 0.040 
1.980 2.640 -0.660 
3.050 2.680 0.370 
5.440 3.670 1.770 
4.130 4.380 -0.250 
5.380 3.130 2.250 
4.630 3.630 1.000 
3.880 4.130 -0.250 
4.250 3.750 0.500 
3.130 4.500 -1.370 
4.500 6.000 -1.500 
3.880 4.500 -0.620 
5.000 4.880 0.120 
6.750 4.880 1.870 
4.630 4.250 0.380 
3.920 6.170 -2.250 
5.580 5.830 -0.250 

SUM OF THE DIFFERENCES = 3.1400 

MEAN DIFFERENCE = 0.1365 

STANDARD DEVIATION OF DIFFERENCES = 1.1441 

STANDARD ERROR OF MEAN DIFFERENCES = 0.2386 

DEGREES OF FREEDOM = 22 

T (OBSERVED) = 0.5723 

T (TA~LE) = 2.0740 (P=0.05), 2.8190 (P=O.Ol) 

T (TABLE) X STANDARD ERROR = 

NO SIGNIFICANT DIFFERENCE 

0.4948 (P=0.05) 
0.6725 (P=O.OU 

-- ------------- Mc G 1 L L UNI VER S 1 T Y COMPUTING CENTRE ---


