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Abstract-A survey of 120 plants of the genera Succharum, Erianthus, Ripidium, Miscanthus, Narenga, Sclerosta- 
chya, Zmperatu, of intergeneric and interspecific hybrids and of commercial cane varieties revealed that some leaf 
flavonoids were useful 

d 
ystematic markers. Saccharum ojj’icinarum, S. edule, S. robustum and Erianthus maximus 

were clearly distinguis ed from S. spontaneum, Nurenga, Miscanthus, lmperata, ScIerostachya, Ripidium and other 
Erianthus species by the presence of the potassium bisulphate salt of tricin 7-glucoside and of tricin 7neohesperi- 
doside and 7-diglucoside. In Erianthus, all Old World Species were characterized by the presence of a luteolin 
di-C-glycoside which clearly distinguished them from the New World species, which have recently been separated 
off into a separate genus, Ripidium by Grass]. Some other flavone C-giycosides were present in all genera: iso- 
orientin. iso-orientin O-rhamnosylglucoside, iso-orientin 7glucoside. a possible iso-orientin O-triglycoside and 
three luteolin di-C-glycosides. In Sacchurum, some F, hybrids showed a clear additive inheritance of the parental 
leaf flavonoids (mainly iso-orientin derivatives) but also contained two flavone C-glycosides based on vitexin. 
The de nova production of apigenin C-glycosides in the hybrid plants suggests that some chromosomal distur- 
bance occurs, affecting the enzymes controlling flavone hydroxylation. The flavonoid evidence supports the view 
that the cultivated sugar canes originated from S. robustum and that Erianthus maximus is a hybrid involving 
Saccharum and Miscanthus. 

INTRODUCTION 

PLANTS of the genus Saccharum have been selected and used as a source of sweetness since 
the days of primitive man. Cultivated sugar canes are thought to have originated in New 
Guinea and associated islands of the Malayan Archipelago, where the two wild species, 
S. rohustum and S. spontaneum are sympatric. These wild species, however, do not accumu- 
late sucrose so that the origin of the sweet sugar canes is still a matter of some dispute. 
It has been suggested by Warner’ that the sweet S. oflcinarum arose from chance 
mutations from S. robustum selected and preserved by natives in New Guinea. Present day 
commercial canes are largely the result of successful cross-breeding of S. ojicinarum with 
S. robustum and S. spontaneum, with the S. officinarum/S. spontaneum hybrids being the 
most predominant. Three other cultivated species are recognized: S. sinense and S. barberi 
grown for centuries in China and India, respectively and S. edule grown as a vegetable 
in New Guinea for its edible inflorescence. However, the long history of cultivation and 

’ WARNER, J. N. (1962) Ethnolog_v 1, 405. 
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the ready hybridization between species has led sugar cane taxonomists to suspect that 
all four cultivated “species” may be of hybrid origin,’ but absolute proof is lacking because 
of the difficulty of identifying hybrids purely on morphological grounds. A preliminary leaf 
flavonoid survey showed differences in chromatographic pattern between the two wild spe- 
cies S. spontanezrn~ and S. rohz~stmrn. In view of the taxonomic difficulties mentioned above, 
it was decided to extend the survey to include cultivated Sr~chu~m species, F, hybrids, 
commercial cant varieties and closely related genera in the tribe Andropogonae. Although 
Verma pt ul.” have compared stem flavonoid patterns in four sugar cane varieties, no leaf 
flavonoids have been completely identified in any of these genera. Other phenolic consti- 
tuents reported in Sacclznrunz include liEnins and ferulic acid in the leaf” and tannins, 
anthocyanins” and syringic acid7 in cane juice. Farber and Carpenter’ have found a 
number of hydroxycinnamic acids. kaempferol and umbelliferone and Smith” predicted 
the presence of C-glycosylflavones from the remarkable stability of cane sugar colourants 
to acid hydrolysis. 

RESULTS 

The results of the leaf flavonoid survey are presented in Table 1. Fresh leaf material was 
received by air from Australia and Fiji and sampled on arrival. This was supplemented 
by herbarium material in the case of some genera. As many cultivars and samples of each 
species as possible were included in the survey. The data in Table 1 refer to Aavone O- 
and C-glycosides found on 2-D PCs of 805:‘, methanol leaf extracts. Individual glycosides 
were identified from detailed examination of a few selected Succhartrr~ and Ripidi~/n spe- 
cies and the presence of potassium bisulphate salts confirmed by paper clectrophoresis of 
direct leaf extracts. 

Trick glycosidc~s 
Tricin S-glucoside, a common leaf constituent of grasses. occurs in 999,; of the present 

sample. Three other tricin glycosides: tricin 7_neohesperidoside, a tricin 7-diglucoside and 
the unusual tricin 7-glucoside-bisulphate, reported here for the first time, occur together 
in S. ofi~:irmwn (90’:; of clones). S. rohustum (82”{t of clones), S. rdule (87”,, of clones) and 
E. uza.\.inzus (all three clones studied). The three compounds. however. are rare in S. spon- 
tclnc’lil?l (17”;, of clones) and absent from Narrnga, Sclcrnstdya, II~I~VYL~Q. Mi.scur~th~ts, 
Ripidium and all true Eriunrhus species. Tricin 7-neohesperidoside and the tricin 7-digluco- 
side are present in all S. sirzerw and S. hurheri clones but tricin 7-glucoside-bisulphate is 
absent from all but one clone of S. sirwrm and S. hurhrri. subgroup Nagori. Eighty per 
cent of commercial cane varieties examined contained all three tricin compounds. and in 
S. sponruneun~ a different tricin diglucoside is present. 

’ Srkw xsox, G. C. (1965) Gcwtic~.s urld bVwr/iq 0f Sups Cow. p. 12. Longmans, London. 
3 VIXMA, A. K., JAISWAL. S. P., RAJAJ. K. L. and BHATIA, 1. S. (1971) Strpr Y. Azrrcrrr 66, I 1. 
’ BINKL~Y, W. W. and WOLFIIOM. M. L. (I 953) Atlc. Cah/?~& C’hcw. 8, 29 I. 
’ S~DYNS, R. (1959) 1,~. Sugav J. 61, 199. 
’ BCHK, G. 0.. HARTT, C. E.. BKOIXI:. H. W.. TANIMOTO. T.. KOKTSNAK. H. P.. TAKAHASHI. D.. ASFUOS. F. M. 

and C’OLIMAN. R. E. (1957) .&~n. Kw. Planr Ph~.siol. 8, 275. 
ROI~I:RTS, E. J. and MARTIN, L. F. (1954) Awl. Chrm. 26, 815. 

’ FNU~I.K, L. and CARPI X\II.K. F. Ci. (1971) (pub. 1972) Pwc. 14fk CCJII~. 1SS’CY’. NC% Orleans. 
” SIVII.III, P., C.S.R. Laboratories in intcl-n;ll comp;lnj reports. 
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TABLE 1. DISTRIRI’TION OF FLAVONE 0- ANC) C-GLYCOSI~ES IN LLAVES OF THE SAWHAKINAE 

Genus species. clone 
- 

s. ,~/h~iM!Y,rlr L 
Ho 40Y 
Oramboo 
Chittan 
NG 57-225 
Badila 
Korpi 
Mahona’ 
SC 1214* 
EK 2’ 
NC 51 141’ 

S. r~d,,lr H;tssk 
NC 57 2X 
SE 97 
SE 34 
FiJi I* 
NC 28.201’ 
NG 57-19’ 
NG 57-40’ 
SE 15 

s. rolIusrum 
Brandes & Jeswiet ex Grass1 

NC 57-208 
NC 57-l I 
us 51~159-9 
MOL 4972 
NC 2X-219 
MOL 4357. 
NC 28m219A’ 
NC 28&251* 
NC 51&140 
NG 51-63 
NH I 

S. srwnse Ronb. 

UBA 
Gandi _Cheni 
S hhcri Jew 

Subgroup Nagori 
Nagor 
Mango Sic 

Subgroup Saretha 
Sarctha 
Chunnee 

Subgroup Mu80 
MUllgO 
Ag0ulr 

s. sponraneum L. 
M’beya 
MOL 1032 
SES 341 
Mcentai 
SES 182 
SES 365 
SES 1548 
SES IOhB 
Tabon 
SES 351 
SES I X4A 
SES 208 
SES 356 
NG 28-101 
Glagah 1286 
Coimbatore 
Tninan 
Saudi Arabia 
0kin;tw 
NC 51-2 
Mandslay 
US4515’ 
Krakatau’ 

+ + ++++_-+++___---+-_-- 
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+ + +++__-++-+-++-_+__-- 
- + +++++-+-++-++------- 
+ + +++---++--__+---___- 
+ + + ++ + +_+++--_+--+_--- 
+ + +++ ++-+++--++--+---- 
+ + +++++-++++-++--+---- 
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+ + + ++++-++++-++--+---- 
+ + +++ + _ _ + + + _ + + + _ _ _ - --- 
+ + +++ ++--++----++---+---- 
+ + + ++++-+++++++--+---- 
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TAISI.I I. (continued) 
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TAHLE I. (continued) 

M. .,,rw,i\~\t Andes,. 
(Tsant W. T20750 

Chln:tl ++++++++-++--------+- 
Nuwnqo porphyrocoma 

(Hancul Bar ++--_++_++-+------_-- 
Scirw,r‘lch 111 ,U< (I 

A. Camus 
us 5&73 +++--++-+++------+--- 

Imprrata conferw (Presl) 
Ohwi 
FIJI 71’ ++++-+++++-+--+----+- 

Imperuta cylmdrico (L.) 
P Beauv. ++---++-------------- 

5G = 5-Glucoside; 7G = 7-Glucoside; 7GG = 7-diglucoside; 7RG = 7-neohesperidoside; 7GS = ‘I-gluco- 
sidebisulphate;RG = 0-rhamnoglucoside;TG = 0-triglucoside;IV = isoviterin;OG = iso-orientin7-glucoside 
F denotes unidentified flavonoid glycoside. The R/s of the unidentified compounds in BAW and 15% HOAc are 
as follows: FI 25158; F2 37/23; F3 18/39; F4 17146; F5 28/19; F6 35112; F7 18/13; F8 61116; F9 47145; 
FlO 47/10; FL1 20/16; F12 28/30; F13 55/79; F14 62/51; F15 64/58. The colours of the unknown flavonoids in 
UV without and with NH, are as follows: Fl, F2, F3, F4, F8, F9, FIO, F13. F15, dark to reluctant yellow: F6, F12, 
dark to orange-yellow; F5, F7. dark to yellow; Fll, F14, dark to dark. 

* Plants grown in Fiji by Fiji Sugar Corporation Ltd. 
7 From the Herbarium, The Royal Botanic Gardens, Kew (K). 
$ From Reading University Herbarium (RNG). 

x From the World Collection, Canal Point, Florida. 
All other plants were sent from the C.S.R. Research Laboratories, Roseville, New South Wales and their Field 
Experimental Station. Macknade, North Queensland, Australia. The Fiji sample of Irnprrcrra cor+rra was 
formerly called I. cylindrica but this was altered on the advice of the U.S. National Herbarium. 

Flavone C-glycosides 
Flavone C-glycosides were found in all genera. Iso-orientin, iso-orientin O-rhamnosyl- 

glucoside, iso-orientin 7-0-glucoside and isovitexin were identified and a possible orientin 
tri-0-glycoside isolated. Four luteolin di-C-glycosides were also isolated but difficulty in 
the identification of the C-sugars on a microscale prevented their complete elucidation. 
Ripidium species were characterized by the presence of one luteolin di-C-glycoside (F13) 
not present in the Erianthus species. S. ojficinarum x S. spontaneum F, hybrids contained 
isovitexin ( lOOo/0 of sample) and spot F 1 4, (80% of sample) not present in the parent clones, 
which accumulate luteolin C-glycosides only. Thus, there is apparently some chromosomal 
disturbance in the development of the hybrid plants, which affects the enzymes controlling 
the hydroxylation pattern of the tlavone C-glycosides. It is interesting that a similar pheno- 
menon has been observed in Briza media,” where doubling of the chromosomes affects 
the hydroxylation pattern so that vitexin (and isovitexin) accumulate in diploids, whereas 
orientin (and iso-orientin) accumulate in the tetraploid. 

DISCUSSION 

The flavonoid data discovered during this survey appear to be relevant to the taxonomy 
of the sugar cane plants in a number of ways. The data will be discussed in turn in relation 
to the taxonomy of Saccharum, Erianthus, Narenga and Sclerostochya, and of the tribe 
generally. 

” WILLIAMS, C. A. and MURRAY, B. G. (1972) Phytochemistry 11, 2507. 
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Saccharum 

Succhmum robustutn is clearly distinguished from the other wild species S. spotr~aneutn 

by the presence of the three unusual tricin glycosides: the 7-glucoside bisulphate, the 7- 
neohesperidoside and a 7-diglucoside. All clones of S. c@citzarum examined, with the 
exception of Badila (Table 1). have a leaf flavonoid pattern similar to that of S. ~hu~tun~. 
thus supporting the view of most sugar cane breeders’ ’ that S. c~fficitzuruttt arose from this 
species. However a suggestion” that Ri@cliurn arurditmem might be involved can be dis- 
puted on chemical grounds, bccausc the characteristic “Ri~idi~rrz” compound (Fi3. Table 
1) is absent from all S. oficitmrztnz clones studied. 

Sac~hn~m sitzrnsr~ and S. hnrhcr.i form a more complex group of canes and explanations 
for their origin include hybridization and selection within S. .soOtIrLtttL’ttttt.’ ’ intergeneric 
hybridization involving S. spot~tutwuttz’ ’ and selection within S. officitmutu x S. sport- 
fmtzruttf. I 3 Chemically. the group is not uniform but the clones CBA, Napori and Mango 
Sic (Table I) do show a S. tohusrm leaf flavonoid pattern; all other clones lack the nega- 
tively charged tricin compound. This evidence therefore suggests that the group has a 
diverse origin. 

Sucdzaruttt dulc, which is similar in gross morphology to S. rohusrwn, is suggested b), 
Lennox’” and Brandcs et ~rl.” to be a mutant form of that species. GrassI.” however. 
thinks that there are two types of S. ~&lt?, one evolved from S. ,ohust~r~~~ x MI’.~II~~~~Is 
in New Guinea and the other from S. ojfkkwuttt x Miscu~7r/ms in Fiji. All CIOIICS of S. 
c&rl~ examined, except SE 34, had the same leaf flavonoid pattern and the one clone from 
Fiji was quite indistinguishable from the New Guinea clones. Thus the data indicate that 
S. r~tlule most probably arose from S. o~ficirmuttr or S. rohus~um. 

There is much dispute as to the species status of S. sitwr7.w and S. htrth~ri. Barber” in 
19 1X recognized fiw groups of S. hrhi in North Indian canes, nameI> Mungo, Nagori. 
Saretha. Sunnabilc and Panashi. The Panashi clones. which are also found in Indo-China, 
S. China and Taiwan arc included by .Icswiet ” in his species S. .sir~~se (Chinese canes) 
leaving Barber’s remaining four groups in S. huthri. Most cane brccclcrs now agree with 
Artschwager ’ 8 and Price 19.“’ that S. sinrnsc~ and S. hurhri should bc included under S. 

.sirwtw. The present results support this but do show Nagori as a distinct group. 

Erianthus 

The taxon referred to as “Eriatdztrs tnu.yitnus” differs markedly in its leaf favonoid pat- 
tern from all other EtYcznflzus species surveyed but closely resembles those of S. rdnrst~cn~, 
S. oJk~inarum and S. &lr. This supports the morphological evidence of Grassl.” which 
indicates that E. tnu.~ittars is in frrct a hybrid group involving Rfi.slvtrthrr.~ and S~~/1(11~171. 

Grassl,“’ in a recent revision of Erictnrhus, has transferred the following species: E. cm17- 

din~rc~ws. E. hr~n~qal~nw. E. c,/cphutztintts. E. kartcrshoi. I-:. pro~~~~t~~t~tt and I::. t’(ttytttt[t(’ to the 
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occur as the bisulphate salts. in the Gramineae the only charged flavonoid so far detected 
is tricin 7-glucosideeKS0,. Two other tricin 7-glucoside bisulphates have been partially 
characterized in three palm species” but they arc all chromatographically distinct (Table 
2) from the tricin 7-glucoside-KSO, found in the present survey of the Saccharinac. Finally. 
a further chemical difference between the palms and the Saccharinac of the Gramineac 
is that isomeric forms of tricin 7-rhamnosylglucoside occur: the 7-rutinoside has been 
identified in the former gro~~p (e.g. in Chatnuerop humilk) while the 7-neohcsperidoside 
is present in Succhnrutn. 

EXPERIMENTAL 

f/u,~r mcrrrria/. The sources of plant material arc given in Table I. Fresh leaf material was received by air 
and sampled as soon as possihlc on arriv;rl. Leaf material from .Australia and Fiji ha\ been lcrified 1~~ Roach 
and Danicls rcspectivclh. 

Fltrro~~oitl itlol/ific,otio,l. The solvents used for 2D PC‘ of direct 80”,, MeOH Icaf extracts on Whatman No. 
1 paper were (1) BAW and (2) IX”,, HOAc. Individual glycosrdes of S. spor~~unt’um. of a cultivated sugar cane 
variety “Tate & Lyle D14148” and of Ripidirrw species wcrc isolated and purified on Whatman No. 3MM paper 
using standard solvents. Known glycosides were identified on the basks of R,. UV spectral analysis, acid hydroly- 
sis to aglycnne and sugar and 1~) direct comparison with authentic samples. Flavone C‘-gl\cosides were acid h!d- 
rolysed for 4 hr and llavone C-glycoside-O-glgcosidcs further Identified hy mcanx of partlsl acid hydrolysis. 

fdr/rr!lrc,trt/o,r q1 Trivial 7-cq/lr~.oi~/~, k’S0,. C‘hromatograpllic data arc przentcd in Table 7. F‘lcctrophorctlc 
mobilit> on Whatman No. 3 paper 111 2.5”,, formic acid ?._“,, HOAc (I : 1 ) pH 2.2 bul?‘cr for 3 hr at 400 mV was 
0.30 when compared with luteolin ?-KSO~-?‘-O-glucoside. ‘* Five-minute acid hydrolysis gave an intcrmediatc 
compound, dark absorbing in UV and changing to bright yellow with NI-I,. K _ and HSO, Lvcre detected after 
acid hydrolysis by TLC usmg the method previously described. I’ ‘The intermediate compound both on acid and 
enlyme hydrolvsis with /i-glucosidace gave tricin and glucose only and remained unchanged with r-glucosidasc. 
Spectral date (z,,,) for the intermediate are as follows: MeOH 24X. XV. 354: + NaOAc 24X. 260. 353: + alk. 
260. 412; + AICI, 276, 363, 386: + H,BO, 24X. 269. 354 nm ‘The lack of NaOAc shift indicates that there is 
a sugar in the 7 position. Howebcr. this compound did not co-chromatograph with tricm 7-glucosidc obtained 
from partial acid hydrolysis of tricin 7.neohesperidoside (Table 2). Since the 7-glucosidc formed hrom the 7-neo- 
hesperidoside is almost certainly (from R, and other data) the expected 7-/l-I)-glucol7)rarloside. then this new 
7-glucaside from the bisulphate salt must differ in some subtle. and as yet unexplained. wal from the common 
Structul-c. 

iT‘ric.ir~ 7-diyiuc~o.~itf~~c. C’hromatogl-aphic data arc shoun in Table 2. Partial hpdrolqsls of tricin 7-diglucoslde 
1 gaw an intermediate compound idcntlcal with the tricin 7-glucoside from tricin 7-glucoside KSO,. This cvi- 
dence and chromatographic behaviour Indicate the presence of a diglucoside. Tricin 7.diglucoside 2 gave tricin 
and glucose on acid hydrolysis and chromatographic data suggest a diglucosidc; howcvcr. there was insufficient 
amount for further characteriration. 

7-ri~in 7-~11(1rn,1o.,!,//l/ur,o,~idt~.\. The tricin 7.rhamnosylglucoside in Strcc~h~lru,~ ldentilicd as such by standard 
procedures. was found to bc chromatographicall> distinct (see Table 2) from a 7-rhamnosqlglucoside Isolated 
earlier from several members of the Palmae.” The two isomers were identified as the 7-neohesperidoside 
(Rha x 1 - 2 Glc) and the Trutinoside (Rha 7 1 -6 Glc) respectiveI]. largely by direct analogy in K, and 
properties with authentic synthetic samples of apigenin 7-neohesperidosidc and 7-rutinoside. These \verc kind11 
provided by Prof. Wagner of Munich. Thus. in alcoholic solvents (5132 Table 7) and also in clzctrophoresis (pH X.8 
for 3 hr at 3 V;cm) the neohcspcridosidcs always travelled slightly ahead of the rutinosldcs; in aq. solvents. the 
reverse was true. Furthcrmorc. differences in R,, between the rutinosides. neohesperidosidcs and the corrcspond- 
ing aglycones were almost identical in hoth series (e.g. AR, m BEW werr 0.28 and 0.36 for apigenin 7-neohespcr- 
iodoside and 7-rutinosidc respectively. O-26 and 0.32 for the tricin derivatives). All samples were rapidl! hqdro- 
Iyscd by r-rhamnosidase. indmtinp an r-linkqzc In all cases. Alkahnc treatment (In 0.5”,, aq. KOH at 100 fat 
1% min)‘3 decomposed the 7-rutillosides to tricin or apigenin. but left the 7-neohcspcridosidrs large]\ unaf- 
fected. Final]), H>O, oxidation of hofh 7-ncohesncridosides failed to ei\e a disaccharrdc fragment. wl;ilc that 
of the 7-rutinhsid& iave rutinose in low yield. . 

Ivo-o~wr~rm 0-~q/yo.srdr~~ Two iho-orientin O-glycosldes were found and both gave glucose. rhamnose and iso- 
orientin on acid hqdrolysls. C’hrornatographic data (Table 2) suggest that one is an O-rh~~mnos~lglucosldc and 
the other a trl-O-glycosidc from thcil- relative mohilities in aq. solvents. Partial acid hydroly4ia of both glycosidcs 
gave iso-orientin In 2 min and positlvc NaOAc, AIC’I, and borate shifts suygert that the O-\upars are prohabl? 
attached \,a the (--sugar. 

” L~~vrsr ~tio. V. 1. and MAKAKOV. V. A. f 1969) Khim. Prir. Socvlin. 5. 366. 
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