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Ab&&-The concentrati~ of total non-volatile organic acids in eleven banana leaf sample3 was found 
to be 93.2 (rt: 10-2) meqtiv./lOO g dry weight; with a twelfth sample containing only 57.5 m-equiv. The leaf 
tisaw reprewnted three cultivars of banana and various stages of plant maturation, grown either in the tropics 
or the greenhouse. Oxalic acid constituted 83 per cent of the total acid& malic acid about 2 per cent aod 
“citric peak” acidity (citric acid plus certain phosphates) about 9 per cent. The remahdng acidity consisted 
of a series of aok& each present in trace quantities. These inch&d glutamic, aspart& gluta& glyceric, 
g&c&c, g&oxylic, shikimic, succinic, pyruvic, malonie, and a-ketoglutaric acids. At least nine traca a&is, 
including five keto acids, remain unidenti5ed. Approxhuately SO per cent of the oxalate in field-grown leaves 
is in water-sotible form; the greeuhouse leaws contained 28 per cent soluble oxalates. The nxults are com- 
pared with those obtained with the leavea of temjxrate-ume plants. 

IN,TRODUCTION 

‘I& non-volatile organic acids are known to play a key metabolic role in the leaves of 
temperate-zone plants. Relatively little is known about the occurrence or role of these acids in 
tropical leaves. 

The banana leaf exhibits the rapid growth so typical of tropical plants. It is additionally 
interesting because of its exceptional size. The leaves are typically 2-4 m long, with a 2-3 m2 
surface area for the largest leaves.’ A banana plant normally produces 4045 leaves in 
the g-month growing period prior to flowering. It would be interesting to know more 
about the metabolic systems involved in such luxuriant growth. The present study was 
undertaken to identify and determine the organic atids of the banana leaf. 

RESULTS 

Figure 1 shows the separation by ion-exchange ~~o~to~aphy of the organic acids 
from a water extract of oven-dried banana leaves. The acids were tentatively identified from 
their positions on the displacement chromatogram and by paper chromatography of aliquots 
from each fraction. The individual acids were then isolated from appropriate fractions by 
paper, silica gel or ion-exchange chromatography. Confirmation of their identity was 
obtained in most cases by specific tests (Table 1) and by comparison with authentic acids in 
silica gel chromatography. Glutaric and malonic acids were identified only by comparison 
witb authentic samples in the three chromatographic systems. 

The keto acids were isolated as their 2,44initrophenylbydrazones from a separate 
sample of the dried leaf tissue. 7 Chromatography of the hydrazones and of the amino 
acids2 resulting from their hydrogenation revealed the presence of cc-ketoglutaric, pyruvic 
and glyoxylic acids plus five unknown keto acids. 

1 A. F. SKUTCH, &tan. Gaz. sd 337 (1927). 
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Fw.. I. DIWL~E\IL\I WPAKAIIO~ oc IIIt NON-VOLAIIIL OKCI\VII‘ \c IU\ 01 H.\x\\\I.\ LL \t 

Orgamc acids from 280 g dried tissue displaced wth 0. I N HCI from Do&e\ 1. . IO. I W-200 mcuh. 
acetate form coupled column\ of dccrcasIng bolumc (I .9 ’ 8 cm, I .Z . 6 cm, 0 9 x 5 cm. 0.h :s 3 cm I. 
Fraction volume. I 0 Inl. flow rate. 0.2 ml/mm. Aliquotc of cxh fraction wrc .Iswqed by paper 
chromatograph). The hnrh arc plotted to represent the acIdI found In cnch fra<tIon \crcu\ theu 

K, \alucs m the solvent cmploqed. 

T.\HII I. IIN~III~IW~ 1t41\ .APPLIII~ IO IHI OI((~\XI( \I II)\ I\ II\\\\\ it \I IIW I. 
_______.-_-.. _. __- -. _.-._- . -----.-_ 

ACld 

Glutamic and ;I\par 11c 

Shil.ImIc 

Glyerrc 

Glyolic 

Succinic 

Mahc 

Citric 

Pyruvrc 

x-KctoglutarIc 

Fumaric 

Oxalic 

CI iterla of identit) 

Two-dimcnvonal chIomatograph> anti color tw \\~th ninh>dIIn-JIc~clohc\)l- 
amInc.- 

M.p. I91 ; m.p. authentic acid I90 -191 \\ith \omc ~uhhmation: ml\ed m p 
190-192 ; red color with anilme.3 

Rluc color with naphthoresorcmol-HSO,:’ ~~IIII~ gl>ccrate m.p. I?7 Hlth 
no dcprcskm of mixed m.p. 

Red color \r~th 2.7-dlhyJrou)naphthalenc-H .SO,:’ hro\\n color wnh naph- 
thotc~~)rclnol-H?SO,.’ 

Subhmatlon starting BI I35 . complete ~iibhm,ition JI IhU fiv both authentic 
and Isolated XI&. 

M.p. I02 , m p. authcntlc rlc~d IO1 : ~IIUXI n1.p IOI . fellow color Hlth 2.7- 
Jlh>dra\ynaphtholenc-H$O,:’ gas chromatogt.q~h> 01 methyl ester derlra- 
tnc on Jleth)lcne glycol succinate. column temp. 125 . flow late 50 ml:mm. 
Identical letcnlmn volume (510 ml) for hoth isolated end duthenlic actd. 

Pcntabromoacetnnc dcrnatl\c? m p. 73 -74 . m.p nuthcnk I;lmplc 72-71 5 . 
mixed ni p. 73 -74 . 

1.4-DmItrophcnylhydrazonc derlkatl\c.- m.p. 218 220 . m p. ~>f uuthentlc 
\ample2IV-320 ; miked m.p. 217-219 . 

2.1-Dinitrophen~lhydrazone dernatnc.. hydtagenation and chromdtograph? 
m ammo actd \y,tcni 2 

Suhllmatton of authentic sample started at l-l5 . complc~cl~ subhmed at 302 : 
Isolated ramplc started at 146 . completely sublimed at IYG . 

Comersion to glycolic acld$ suhhmation of lsolalcd and Juthentic acid rtartcvi 
at 95 . completcl> subhmed at ahout 140 . 

.- 

* All melting and subhmatwn po~nlr were detcrmincd on a Fisher--Johns apparatu\ .md are uncorrected. 

2 T. L. HAIUX, D. 0. HOLIAND and J. Ii. C. Nr\\ I IX, A~ru~~~. C /ww. 27. 971 ( 195%. 
3 S. YESHIVA and M. H.\v(r4b~. .&(/I. Biocltettt. Biupltl:v. 70. 377 (1957). 
4 F. FEIGL. Spot TcttJ itt Or~urrt~ .Ittu~~w (6th Ed.). pp. 277 -330. Elzevlrr. N.Y. I I96W. 
5 R. ROPER and T. S. MA. ~fimuhtt J. 1. 245 ( 1957) 
b P. J. ELVIW and R. E. VAN Ar r,\, .k&f. Chvtt. 2b, ?Y5 ( iY54). 
7 A. MFISTER and P A. AWLIN HI IV, 4rrtrl1.l. C%on. 28. I71 ( IYfih). 
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Quantitative Determination of the Organic Acids 

The primary purpose of this phase of the study was to estimate the mean organic acid 
content of the banana leaf. This was accomplished by analysis of a series of twelve leaf 
samples representing three varieties, green house vs. field-grown plants, and several stages in 

FRACTION NUMBER 

Fro. 2. ION-EXCHANGE SEPARATION OF THE NON-VOLATILE OROANIC ACIDS OF BANANA L@AF 

Dowcx 1, x 10, KM-2QO mesh, acetab form, O*6x4*0cm. Gradient elution, 3.5 N formic acid 
feeding into mixing &amber initially containing 200 ml of water, flow rate, 2.0 ml/min; fraction 
volume 2.0 ml. Sample-wakr extract of 0.5 g dried leaf. See under Results for identity of acids 

included in “succinic peak” and “citric peak”. 

the growth of the plant. Since we were seeking only gross differences in the organic acid 
content of the samples, no attempt was made to separate all of the acids present. Figure 2 
shows a typical separation of the organic acids and the results for all the samples are sum- 
marized in Table 2. 

TABLET. OROANICACIDCONTENTOFBANANALEAF 

Variety and cv. Gras 
where grown : Cv. Gras Micbel. Michel, ti. Lacatan, Cv. Lidi, 

greeubouse grown field grown field grown field grown 
Ageofplants t , 
(months) : 4 7 9 12 15 20.4 -9 

__-- - 

Grganic acids 

Malic :-f * l l-2 1.3 1.9 l-2 1.3 2.4 5.4 l-9 2.2 2.4 1.5 
“ Citric peak” 6.0 8-O 10.6 6.1 66 6.5 16.7 10-5 7.7 13.4 5.3 
“Succinic peak” 3.7 3-O 2.9 4.4 3.6 3.4 99 3.7 4.7 5.9 4.5 5.0 

Total oxalate 89.5 72.0 68.7 40.6 64.7 W5 89.3 66.8 79.9 89.8 75.4 82.5 
Hz0 soluble 

oxalatc 22.5 26.5 18.5 2.0 15.6 20.7 52.6 30.0 36.8 407 28.4 46.0 

Total 101.4 82.2 80.9 57.5 75.6 91.8 108-l 92.6 97.0 105.6 95.7 94.3 

l Results as m-equiv./lOO g dry weight. 



308 JAMES K. PALMER AND A. HEATHF.R WYMAN 

Paper chromatography showed the “succinic peak” to include succinic, glycolic, glyceric, 
shikimic. glutamic and aspartic acids. The malic acid peak was predominantly malic acid, 
but sometimes contained traces of two other unidentified acids. The “citric peak” included 
traces of malonic acid and always included significant amounts of phosphates. Oxalic acid 
was determined separately in aliquots of water extracts and in acidified extracts. No attempt 
was made to obtain quantitative data on the keto acids. 

DISCUSSlON 

Our results indicate that there are twenty-four organic acids which occur in the banana 
leaf at concentrations of 0%04 m-equiv.,‘lOO g dry weight or greater. Although each of the 
fifteen identified acids has been found in the leaves of at least one other higher plant.8 our 
study appears to be unique in identifying the entire series in a particular leaf. Notably absent 
in the banana leafwere quinic. cis-aconitic and isocitric acids; thcsc acids occur quite generally 
in temperate-zone Jeaves.P In 

With one or two exceptions, the individual banana leaf samples contained remarhably 
similar concentrations of total organic acids, malic acid and total oxalic acid. The “succinic 
peak” and “citric peak” results showed considerably more variation. lio\rever. the results 
seem adequate to estimate the mean organic acid content of the banana leaf for comparison 
with other leaves. 

The mean total concentration of acids in the banana leaves (exclusive of the It-month 
Gros Michel) was 93 ( & 10) m-equiv./lOO g dry weight. This is at the lower end of the 70-400 
m-equiv. range reported for temperate-zone leaves. “-lJ The organic acidity of the banana 
leaf is low because this leaf contains no significant pools of Krebs cycle acids. Temperate- 
zone leaves. even those with low total acidity, tend to accumulate rclatilely high concentra- 
tions (10 to more than 200 m-cquiv.:lOO g dry weight) of one or more of the Krebs cycle 
acids, most often malic, citric or isocitric acids. I’-‘) Possibly vigorously growing troplcal 
leaves turn over their acids at a higher rate than temperate-zone leates. since the tropicill 
Bougainvillea leaf is also reported to contain low concentrations of Krebs cycle acids.” 

Oxalic acid made up 83 ( f 6) per cent of the total acidity of the banana leaf. This IS 
comparable to beet, spinach and buckwheat leaves; about 77 per cent of their total acidity 
is oxalic acid.*‘* I4 However, these three leaves normally contain more oxalic acid (150-323 
m-equiv./lOO g dry weight) than the banana leaf. The tropical Bougainvillea leaf contains 
about the same concentration and proportion of oxalic acid as the banana leaf.” 

On the average, 28 per cent of the oxalic acid occurred in water-soluble form in the 
greenhouse-grown banana leaves while 48 per cent was soluble in the field-grown leaves. The 
reason for this significant difference is not clear. If oxalic acid is involved in ion balance in 
plant tissues, as postulated by Pierce and Appleman14 and by Osmond. 1 .c the differing con- 
tents of water-soluble ovalate may reflect differences in the soil nutrient avrlilability or utiliza- 

k M. L. BWH. Otpmir .4&y by Hi&-r Plotus. Agricultural Hancfbt>ok No. 164, C’S Dept. .~griculture 
(1960). 

v A. C. HULME and A. RICHARDSON. J. Sri. Food&ric. 5.221 (1954). 
1” J. K. PALMER. Scierw 126, 504 (1957). 
*I J. BONNER, Phurr Biochemhtry, p. 142. Academic Press. New York (1950). 
‘2 P. C. DEKw~ and R. 1. MORRISON, Biochem. J. 70.272 (1958). 
‘3 J. K. PALMER. Cow. Agrir. Expr. Stufiorr (New Haven) Bull. 589 (1955). 
I4 E. C. PIERCX and C. 0. APPLEMAN. Plow Phwiol. 18.224 (1943). 
15 B. OSUOND, Nurure 198, 503 (1963). 
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tion for the two groups of plants. It is of some interest that the oxalic acid in unripe banana 
fruits is entirely water-soluble and represents about 50 per cent of the total organic acidity.16 

EXPERIMENTAL 

The banana leaves used in this study were from three cultivars: Mua amimta cv. 
Hart. &OS Michel; cv. Hort. Lacatan; cv. Hort. Lidi. Leafsamplingwas restricted to healthy, 
green leaves, fully expanded and at the third or fourth position below the newly emerging 

leaf. The leaves were wiped with damp cheese-cloth to remove any pesticide residues, cut 
into small strips, oven-dried for 3 hr at 80”, and finely ground. The samples were stored in 
well-stoppered bottles and their moisture contents were determined just prior to extraction. 

For identification purposes, the organic acids were extracted with hot water from 280 g 

of dried (Gros Michel) leaf, utilizing the extraction procedure described earlier.13 The 
aqueous extract was added directly to an anion exchange column (Dowex 1, x 10, acetate, 
2.2 x 13 cm) and the total organic acid fraction was obtained by displacement with O-1 N 
HCl. The organic acids were further separated by displacement from multiple columns, as 
described by Anet and Reynolds17 (see Fig. 1 for details). The organic acid front was located 
by testing the fractions for acetate and the organic acids were located in the subsequent 
fractions by paper chromatography in ether : 88 % formic acid : water (5 : 2 : 1).13* l9 Fractions 
were appropriately pooled for isolation of individual acids. Glutamic, shikimic and succinic 
acids were obtained by gradient elution from Dowex 1 resin in the acetate form.” Glyceric, 
glycolic and aspartic acids were isolated by preparative paper chromatography in the ether : 
formic acid: water solvent.“* l9 Glut&c, malic, malonic, fumaric and a-ketoglutaric acids 
were purified by silica gel chromatography. l* The citric, pyruvic and oxalic acid fractions 
from the displacement column were essentially free of contaminating organic acids. These 
were crystallized as the free acid, hydrazone, and calcium salt respectively. 

The keto acids were extracted as the 2,edinitrophenylhydrazones which were separated 
on paper chromatograms.7 The amino acid derivatives of the keto acids were prepared by the 
procedure of Towers et aZ.,20 and were separated on paper chromatograms2 and on an amino 
acid analyzer (Beckman/Spinco Model 120). 

For quantitative determinations, the organic acids in 05-1.0 g of oven-dried tissue were 
extracted with hot water and analyzed by ionexchange chromatography, as described 
earlier.‘3 See Fig. 2 for details of chromatographic procedure. 

preliminary studies in which the organic acids were extracted from comparable samples 
of fresh, lyophilized and oven-dried leaf with both hot water and 70 % alcohol demonstrated 
the simpler oven-drying, hot water extraction procedure to be adequate. 

Oxalic acid was not eluted from the ionexchange column. It was determined on aliqu0t.s 
of the water extracts (soluble oxalate) or in separate O-1 N HCI extracts (total oxalate) by 
precipitation as calcium oxalate and titration with perchloratocerate.13*16 

The phosphat.es were located on the paper chromatograms and characterized as inorganic 
or organic with the Bandurski-Axelrod reagents.21 

‘6 H. WYMAN and J. K. P-, Phr Physiol. 39,630 (1964). 
17 E. F. L. Axw and T. M. REYNOLDS, Australian J. Chem. 8,267 (1955). 
18 H. 0. WAGER and F. A. hiERWODD, Andyst 86,260 (1961). 

19 G. J. LAWN and R D. HARTIJIY, Biochem. J. 69.3 (1958). 
20 G. H. N. Towns, J. F. THOMPSDN and F. C. SEWARD, J. ht. C/tern. Sot. 76,2392 (1954). 
21 R S. BANLXJRSKI and B. AXELROD, J. Biol. C/urn. 1!43,405 (1951). 


