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INTRODUCTION 

Markley and Sando,r in 1931, first showed that the waxy surface coating of apple skin 
increased in quantity during maturation on the tree and in subsequent storage. By taking 
advantage of di&rential solubilities in organic solvents they found that this coating could be 
divided into three crude fractions. At about the same time these three fractio- oil, a 
wax, and ursolic acid-had also been distinguished by Gane,2 and Chibnall et uL3t 4 identified 
some of the constituents of the wax fraction. 

In 1951 Huelin and Gallops reported that when Granny Smith apples were stored at 1” 
the content of the oil fraction trebled during a period of 27 weeks. If the fruit was kept at 
N-20” the increase was of similar magnitude but more rapid, while apples transferred from 
storage at 1” to a temperature of 18-20” after the accumulation had occmred, su&red a rapid 
loss of the oil fraction. These changes were closely pamlleled by variation in the iodine 
number of the oil and the total fatty acid content. By comparison, the incmaseinthewax 
and ursolic acid fractions during storage was small. Richmond and Martin’s furdings tend 
to con6rm these results. 

With the advent of gas chromatography a detailed comparison of the fatty acid composi- 
tion of the fractions became possible. Mazliak’ found that the wax fraction was rich in the 
saturated Cu, to Css acids while the oil fraction contained a high proportion of unsaturated 
C.!rs acids. In his studies of apples developing on the tree,s he showed that as the fruit matures 
the oil fraction increases rapidly and the wax fraction more slowly. After pick& the changes 
depend on temperature. At 15” the oil fraction accumulates rapidly and then diminishes 

lK.S.~asldC.R~,J.AgrZc.Rss.12,703(1931). 
2 R 0~ Dep. Sci. Znd. Re#arch Foodlmzt. Bd. RQP., 1931, p. 242, H.M.S.O., London (1932). 

W, &b&em. J. 25,209s (1931). 

6 D. V. W and J. T. lklmm, Ann. A&. Biol. 47,583 (1959). 
7 P. hhzLlAR, ckmpr. ReML 2so,lQ 2250 (1960); 251,2393 (1960); zJ2,1507 (1961). 
8 P. MAzLJ& h cfm CMS d&v Pommes, Doctorate llxsi& Park (1963). 
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again within a period of about 10 days; at 4” the rise is greater but prolonged over 100 days, 
followed by a comparable fall; at 0” a shallower peak is observed. During storage at 0” or 
4*, the ~~~~ acids of the oil fraction behave Gary; liioleic and linolenic acids 
contirme to accmnulate over the whole period while the saturated acids and oleic acid fonOw 
the course of the oil f&on as a whole. Mazliak also observed that the total wax content of 
the apple at 4” and 15” follows a course similar to respiration rate, rising to a peak during the 
&uacte&C‘ 

The aim of the work described here was to stndy the production of fatty acids in greater 
detail during the climacteric phase in flit both attached to and detached from the tree, with 
concurren@eterminations of respiration rate and lipoxidase a&&y. 

Days from petal fall 



experjment8 baby (Fig. 1). *‘Off” the tree the respiration rose to the peek and then 
began to faff off @ii- 2). In both series lipotib activity rose rapidly, though the rate of 
increasetendedtof~inthe“off’*thetreef~t~~~cpeak~~. 

acids, are given in Tables 1 to 4. The minor cmstituee which are not individually recorded 

SA.C.H~J.~).J~)N~~~L.S.C.W~L~, prrrc. Rsy see. irlaB&m I58& 514 (1963). 
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mtyacid s 0 13 20 31 39 56 62‘ 

G2:o 

G4XO 

c1s:o 

cm0 

ClS: 1 

as:0 

GE: 1 

G3;2 

GE:3 

GO:0 

c22:o 

c&2:1 

e4zo 

G4:1 

Total 

:z 92 58 17s 61 95 61 276 390 157 97 : z 

+ 17thscptcinbcr, 12Odaysafwpeta.lfall. 

Amouutofacids~gfkhwcight)atvmhstimcs 
(days) aftes initial picking* 

Acid '0 13 20 31 56 -- 62 

G2:o 

G3:o 

c14:o 

G4:1 

Cl%0 

C16:O 

c16:l 

G7:o 

GE:0 

cl8:I 

c18:2 

c19:o 

C1a:3 

Go:0 

c22:o 

cm0 

11.9 
1.6 
9-5 

::; 
178+0 

8.0 

7:.: 
138.0 
231.0 

6.6 
162.0 
47.7 
43.0 
92.5 

16.8 
. 

1% 
1.3 
. 

31:: 
9.7 

19i.Z 
427.0 
864.0 
19.0 

627.0 
15.2 

:z 

13.6 
. 

IZf 
l-8 

33:; 
93 

22Z 
567.0 

1180~ 
24.4 

6260 
19.5 

142.0 
lo!M 

29.6 
122 
373 
FO 

123 
S91@ 
13‘4 
152 

471.0 
969.0 

1770.0 
42.3 

861.0 
33-8 

3650 
- 

’ 23.9 
54 

17.7 
2-o 

40:: . 

13.2 

29:: 
MO 

11mo 

5z.i 
21.7 

1590 
lOi* 

.- 
Total 

satorati 568 1810 2150 4760 4150 3130 
um 556 1950 2390 3640 3610 2160 

* 17th sptember, 120 days after p0tal fall. 



TAELB 3. FBEB FAITY ACID ~OFC0XkOMNGEPlPPlNAppLHSKlN; 
FRIJrr “OFF” THE TREE 

Amouatofacid@g/gfrsshweigllt)after~at12°for 
various times (days) atbr picking 

t \ 
Acid 0 5 9 11 16 19 33 

c12:o 

G4:o 

Gs:o 

c16:O 

cl6:l 

C1e:o 

GE:1 

GE:2 

GE:3 

GO:0 

G2:o 

2: 

G4:1 

:38 3.4 23 1.5 5.1 

90 ;; 

O-9 5.2 

17.6 f: 

2.3 39 8.1 l-2 

:t 1:.: . ii: 0.9 3E: 
0.3 :I: 4.9 i:i 7.7 i.90 
1.4 3.2 . 

I;.; 18.9 
217 

14.7 
. 

;:i 9.8 7.8 3.8 1: - 1X.: . 47.0 ;.; 

1.6 ;: 3.0 2.3 3.2 5.2 
1.2 

2.G 

::‘: 
0.7 9.5 * 

1z: 
2.7 

19.5 20.1 12.8 7.3 160 
4:: 5:: 5i.i . 3i.9 17.8 - 6z 39.8 63 

494 39.1 2.9 3.7 4.6 105 65 

Total 
92 122 120 88 98 118 195 

UDsatuIntcd 58 71 30 35 51 48 116 

TAELB 4. EglgnrwD FATIY ACID -NOPcox’S-PIPPINAPPLE 
SKIN; mlum uoiT” nm TnBB 

Amountofacid(pg/gfmhweight)afterstmagcat12°for 
variouatimca(days)afterpicidDg 

Acid ‘0 5 9 11 16 19 33’ 

c12:o 119 18.6 10.4 12.9 165 25.9 
G3:o 

Zf 

4-8 10.3 1.7 
G4:o ;:; 13.8 20.2 1:: 1i.i 23.7 24.5 
c14:1 1.3 ::; 1.5 09 

Cl%0 1;: 32:: . 3333: . 

2.7 ::: 8.3 

c16:O 301.0 3g 4iii: 392.0 
c16:l 89 14.0 141 129 164 13.4 19.2 
G7:o 1.9 3.4 8.0 4.5 65.3 12.3 13.0 
Gs:o 71.5 152.0 192.0 2109 249.0 292.0 2819 
GE:1 138.0 277.0 352.0 468.0 668.0 554.0 6799 
G1:2 231.0 537.0 704.0 889.0 1320.0 1290.0 1540.0 
G9:o 66 1.4 21 1.9 11.9 39.5 2~8 
c11:3 162.0 3929 518.0 459.0 399.0 413.0 232.0 
Go:0 47.7 720 951 129.0 299.0 309.0 1749 
G2lO 43.0 101.0 80.0 333.0 358.0 235.0 143.0 
G4:o 92.5 72.7 85.3 95.2 196.0 151.0 132.0 

Total 
!Iatlma 568 1910 2020 2310 4700 2390 3280 
UnMturated 556 1240 1630 1850 2400236Q2580 
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here in&dad, in the both the free and esterifted arid fracfons, the C&J, C&, Cz,i and 
Czl:e acids and a number of peaks tentativeIy ident%ed as branched chain acids. The esteri- 
fied fmGtion also contained the 4&b G:s and C30:e acids. In the free acid f&on the 
C&r, Czks, C&r, C&r, C1,.,, C&e and C&s a&Is were found in minor amounts. 

The quarttitles of esterified acid always exceed& those of the free acids by some ten to 
fl&y times. The only published data with which this can be compared is that of Fernandes 
ef al.l” who recorded ratios of free to ester&d acids in Gold-stored Bramley Sedling apples 
from about 1: 5 to 1: 16. They however were only concerned with surface and occluded 
waxes. The aGld composition given here is comparable with that of Edward VIP and 
Calville Blanc’ apples. During the period for which results are available there were sub- 
stantial increases in the free and ester&d groups of fatty acids of both the ‘*on” and “oII” 
the tree series. Subsequently, analysis of apples “on” the tree showed a fall in the free and 
ester&d groups, the chaqe in free acids being most marked. The m&s for the individual 
acids show that these changes were accentuated in the C&i (oleic) and C&z ~01~~) acids. 

DISCUSSION 

In co~~thec~thatoccwradinthefattyacidaompositio~oftheappleduring 
the climacteric phase it must be remembered that the method used for exlraction yielded lipid 
material from two di&rent regions of the fruit. Lipids extracted from the dell contents and, 
possibly, from the lipid membrane within the dell Gan be ConsiderGd to be available for further 
metabolism9 but a large proportion of the extraGt Game from the surfaGe of the apple skin or 
from isolated fissures within the horny layer of cutin. The mechanism by which comparatively 
large quantities of fatty material migrate to the extemal surface of the apple, and the time 
sequence involved, are imperfectly understood but it can be assumed that when once 
extruded, the lipid deposit is no longer immediately available to the living cell. Aerial 
oxidation will, however, cause changes in its chemiGal composition and when suitably 
ventilated the more volatile compounds will be lost by evaporation. We might therefore 
expect that the less stable and more volatile unsaturated acids in the surface layer would be 
lost at a greater rate than the stable saturated ones, partly by oxidative decomposition and 
partly by evaporation Upon these charges is superimposed the varying activities of the 
enxymes responsible for the synthesis and degradation of the fatty acids of the epidermal 
cells. In the following discussion the fatty cacids present in minor amounts, including the 
bramzhed Chain and G, to CSo acids, are not taken into account, except in so far as they 
~n~bu~ to the totals given in the tables. 

In fruits that remain attached to the tree two main phases of fatty aGid metabokn we 
apparent. In the first phase (120-150 days fern petal fall) there is a substantial build up of 
fatty esters and free acids. Though considered to follow dif%rent &em&al routes (and for 
the apple Max&&* has provided evidence of this in work with radioactive tracers), the 
synthesis of saturated and unsaturated compounds appear to remain in step with each other. 
since the concentration of free acids rises steeply, it appears that esteri&ation does not keep 
pace with their formation. If this synthetic phase involves acetate derived from Garbohydrate 
it would help to account for the high R.Q. values observed in fruit passing through the 
c~ac~~.lz From the 150th day after petal fall the ~~tion to the second phase begins* 

loA.M.S.~a.A.BAKaaandJ.T.~~,Amt.AWI.~~..,43(1961). 
‘1 D. F. It&m&J: &i. Fmd.dgr. 15,436 (1964). 
x2 A. C. Hmta, AdvaRcsd in Hor!fcuifumi Sczgffw and their Apphfim @&ted by J. C. C~ARNAUD), Vol. 1, 

P. 77, PerlFsmon w Oxford (l%l)* 
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in which breakdown of the fatty acids proceeds ahnost as rapidly as their previous synthesis. 
Initially the fall in free acids may be due to contimted e&&cation but subsequently a loss of 
ester&l acids is also evident. At this stage several problems present themselves. To what 
extent is lipase available for hydrolysis of the fatty esters? Is hydrolysis a nects881y prelimin- 
ary to their breakdown and which pathways can be considered mainly responsible for it? 
Lipoxidase activity has reached a high level and can be assumed to account for the rapid 
decmase in linoleic and linoknic acids, but to what extent is a- or /J-oxidation occmring, and 
arc the lost acids completely converted to carbon dioxide or is there a net production of 
sugars or organic acids? The present results do not answer these questions. 

Although sampling from the “off’ the tree series was continued to a point at which 
respiration rate was dechning, the free fatty acid content continued to rise in a manner 
similartothatofthe“on”thetreefiui~whiletheaccumulationofester&dacidswasonly 
tending to level off. The Ci8:s (linolenic) acid is an interest& exception in that it appears to 
reach a peak just as the chmactek rise iu respiration begins. The ester&d saturated acids 
reached a maximum in the sample taken 16 days after picking, while the ester&d unsaturated 
acids levelled off at this point. Since these two esteri6ed fractions constitute the major part 
of the fatty acid group it follows that, as a whole, the group passes through a maximum at 
about the peak of respiratory activity. This corresponds with Mazliak’s &nlings that the 
total wax content increased and m in step with the &anging respiration rate over the 
CtlhlCbliC. 

~~tliesnotonlyinchangesinfatty~assucbbntinthtf~~o~byDalgorno 
and Birt,13 that free fatty acids may interfere with mitochondrial activity in the cell by un- 
coupling oxidation and phosphorylation. It has been sh~wni~~~~ that tight coupling of 
oxidation and phosphorylation appears to be maintained by the mitochondria at least up to 
the climacWc peak in apples. At first sight, therefore, the overall increase shown here in free 
fatty acids in the tissue is not having the “expected” effect Nevertheles$ until attempts have 
beenmadetodifIerentiatebetweenthelipid mserveswithinthecellandthelipidmaterial 
extruded on the surface of the skin, it will not be possible to say with any certainty how the 
lipid metabolism within the cell is related to other processes taking place over the respiration 
climacteric. 

EXPERIMENTAL 

Fruit Used 

~wastakenfram29Cox’s~Pippin~onMsllingMroo~ Fetalfall 
(the date at which approxhnately 90 per cent of the flowers had shed their petals) was 
21 May 1964. 

For the detaikl study throughout the climacMc in deta&ed fruits c’ 0iY’ the tree fruit) 
in store at 12”, the “individual fruit method” described in detail by Huhne et ~2.~ was used. 
By~methodafraitcanbe~~foranalysisonthebasisofitsactualrespitationrate 
during the &nactek rise. This is important since the whole period from minimum to 
maximum rate of respiration is, “ off’ the tree, only 20 days at 12”. The respiration rate for 

~~L.DAWORNOdL,Ad~T,Bsoeikmr.J.8%%6~1963). 
~~J.D.J~AC.HUU~B~L.S.C.W~~~~~~~. Inpmr. 
~~AC.HUUIB,J.D.JON~~~L.WC.W~~L’IDN.NC~OI~~~~. InpfBss. 
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fruit developing the climacWc attached to the tree (c’on” the tree fruit) was measured on a 
bulk sample of 20 fruits by the method described by Hulme.16 The ftrst picking for the “on” 
the tree fruit was 17 September 1964. On this date also the fruits for the “0fY the tree series 
were picked and placed in their individual containers, at 12”, for following the respiration 
c~a~e~c and lipid and lipoxidase chauges. 

Lipo;widcrse Activity 

This was determined by the method of Surrey,f7 with minor modifications. From the 
mitochondrial preparation as described by Hulme et aZ.,g the polyethylene glycol precipitate 
(PEG 2) from the supematant fraction was used. This was suspended in 025 M sucrose with 
a Kontes DualI Homogenizer and O-5 ml of this suspension was used for the determination. 
The reaction was carried out at pH 6 which was found to be the optimum. The mitochondrial 
fraction had no hpoxidase activity. Gptical densities were measured on a Gary recording 
s~ophotomet~ Model 14. A unit of lipoxidase is de&red as that activity which will 
produce a change in optical density of O-01 iu 1 min at a wavelength of 234 w in a total 
volume of 10 ml of 60% ethanol solution. 

Extraction of the Fdty A&G% 

The fatty acids of the apple peel were extra&d by a method based on that of Folch 
et aLI* peel ww removed from an apple using a stainkss steei household peeler. A rep- 
resentative 5 g sample was immemed in chloroform-methanol mixture (100 ml, 2: 1 v/v) 
contained in a 35 x 200 mm glass tube. In this the mixture was homogenized for 30 set usiug 
an Ultra Turrax maeerator (120 V setting). The cutters were then exam&d for entrained 
portions of uuchauged peel, these loosened and the homo~tion repeated. The product 
was filtered through glass paper ~~~ type GF/C), the residue washed with chloroform 
(10 ml) and the oocfuded liquid squeezed through. The combined chIoroform-methanol 
extract was theu trausferred by pipette to a 100 ml beaker immersed in a vessel containing 
900 ml of water. After standing overnight the aqueous phase was withdrawn from the beaker 
by suction, using a fine glass tube, in order to isolate the chloroform extract. All the above 
operations were conducted at 19 

To the chloroform extract was added methanol (30 ml) followed by methanolic potassium 
hydroxide (2 ml, 2 N). After mixing, the solution was extracted three times with 100 ml 
portions of water, 1 ml of 2 N potassium hydroxide solution being added to the second and 
third portions. The ~~~ aqueous wan were extracted twice with ~1~ 
ether (b.p. 40-60’, free of aromatic hydrocarbons) and aci&ed with dilute sulphuric acid. 
The liberated fatty acids were extracted with three portions of the same grade of petroleum 
ether and dried over anhydrous sodium sulphate. This formed the free acid fraction. The 
yield of free acids was also determined iu a sample of the original extract by titration with 
standard alkali solution. Comparison with the product of alkaline aqueous extraction 
showed that uo appreciable saponifkzatiou of ester&d acids occurs during the extraction. 

‘The chloroform solution was combiued with the petroleum ether washings from the 

ahline aqueous solution, evaporated to dryness at low temperature under vacuum and 
sapon%ed for 3 hours in methanol& potassium hydroxide solution under reflux. A&r 
~g the affable material with three portions of the same grade of petroleum 

IsA. C. HUWE, l)cp. sci.Ind.RexearchFbdfnwst.&i Rep., 1937, p. 133, H.M.S.O.,Lcmdon(1938). 
1’ K. SURREY, PZuttf P&w&t. 39,65 (1964). 
‘* J. POLCA, I. ASCQLI, M. LEES, J. A. MEATEI and F. N. LB BARON, L wfol. Cbtw~. 191,833 (1951). 



ether, the solution was acidified with dilute sulphuric acid and the h-ted fatty acids 
extracted with petroleum ether as before. This formed the ester&d acid fraction. 

An aliquot of each sample was es- with Greshly distilled diazomethane in ethereal 
sohxtion at 0” to obtain the methyl esters. These were then analysed with a gas chromato- 
graph~~inthelaboratory~1~dfi~withaglass~l~(184cmlon&4mmbo~) 
containing 60-G mesh Celite coated with diethyiene glyc$ snccinate (100: 15 w/w). sO1utio11s 
of the esters in carbon disulphide were applied to the column through the heated injectiort 
port with a 10 4 Hamilton microsy~&ge. A chromatogram similar to that of the fatty acids 
of Edward VII apple skW was obtained. The identity of the acids was ohecked with a graph 
of log retention times against carbon chain length of the acids ad comparison with further 
separation after hy~o~tion of the sample with Adams platimun oxide catalyst in 
ethanolic soh~tion.~~ For quantitative estimation, standard solutions of authentic methyl 
esters of the Ci2, cl41 Cls and qs normal fatty acids were run under the same conditions, 
In view of the characteristic of the &me ionization detector unsaturated compounds were 
assumed to give the same response as saturated ones. Recorded peak areas were estimated 
by triangulation. 


