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Summary. Stains  on c lo th ing  f rom two vict ims which  
were  l a t e r  on  d e t e r m i n e d  as grass s tains ,  and  a b l a d e  of  
d r i ed  grass  t a k e n  f rom a n o t h e r  were  e x a m i n e d  to  iden-  
tify the  si tes of  cr imes .  T h e  species  of  each  s amp le  was 
iden t i f i ed  b a s e d  on  the  charac te r i s t i c  d i s t r ibu t ion  p a t t e r n  
o f  f l avonoids  seen  on  high p e r f o r m a n c e  l iquid c h roma -  
t og raphy .  T h e  scene of  the  c r ime  was c lear ly  t r a ced  f rom 
the  ev iden t i a l  ma te r i a l .  

Key words: Plan t  p igmen t s  - F l a v o n o i d  - H P L C  - S ta in  
iden t i f i ca t ion  

Zusammenfassung. S p u r e n  an de r  B e k l e i d u n g  zweie r  
Opfe r ,  we lche  sich als G r a s s p u r e n  he rauss t e l l t en  und  ein  
H a l m  g e t r o c k n e t e n  Grase s  von  e i n e m  we i t e r en  Kr imi -  
nal fa l l  w u r d e n  mi t  d e m  Zie l  un te r such t ,  d ie  Or t e  de r  
V e r b r e c h e n  zu iden t i f iz ie ren .  D i e  Spezies  von j e d e r  Pro-  
be  w u r d e  durch  e ine  M e t h o d e  ident i f iz ie r t ,  we lche  auf  
de r  cha rak te r i s t i s chen  Ver t e i l ung  der  F l a v o n o i d - M u s t e r  
bas ie r t ,  wie sie in de r  H P L C  nachzuwe i sen  sind. D e r  O r t  
des  V e r b r e c h e n s  w u r d e  mi t  Hi l fe  d ieses  Bewe i sma te r i a l s  
k l a r  ident i f iz ie r t .  

Schliisselw6rter: Pf lanzenp igmente  - F l avono ide  - H P L C  
- S p u r e n i d e n t i f i k a t i o n  

no log ica l  app l i ca t ion  has  b e e n  given less a t t en t ion .  W e  
r e p o r t  he r e  on  an accura te  t rac ing  of  scenes of  c r imes  by  
ident i fy ing  p l an t  species  b a s e d  on  the  charac te r i s t i c  dis- 
t r i bu t ion  p a t t e r n  of  f l avono ids  seen  on  H P L C .  

Case reports 

Case 1. A 34-year-old barmaid was raped and manually strangled 
to death in a parking lot. A suspect was arrested 2 weeks later, but 
denied the crime. 

A 0.5 × 1 cm dark brown stain was found on the left sleeve of 
the suspect's suit. A blood test of this stain was negative. 

Case 2. A 17-year-old girl riding her bike home was suddenly pul- 
led down by a man hiding in a bush. She lost consciousness after 
her head was covered with a sack and she was raped. The victim 
was taken by the assailant in his car to a place remote from the 
scene and was set free. 

A dark brown-greenish stain with the size of a fingertip was 
found on the back of her slacks. Blood tests were negative. 

Case 3. A 27-year-old male gangster was found tightly bound with 
rope and floating in a river. There was a piece of a dried weed 
firmly inserted between the rope and the body. This specimen 
proved to belong to a family of true grasses. The method previ- 
ously reported [1] was used to search the grassy area where the 
crime was presumed to have occurred. 

Introduction 

A sensi t ive m e t h o d  for  ana lyz ing  f l avono ids  by  high per -  
f o r m a n c e  l iquid  c h r o m a t o g r a p h y  ( H P L C )  has  b e e n  re- 
p o r t e d  w h e r e b y  p l an t  spec ies  cou ld  be  iden t i f i ed  f rom as 
l i t t le  as 1 0 0 - 2 0 0  gg of  p o w d e r e d  leaves  [1]. A l t h o u g h  
the re  a re  r epo r t s  conce rn ing  the  chemica l  analysis  of  
f l avonoids  f rom t a x o n o m i c  v iewpoin t s  [2-6] ,  the  cr imi-  

* This paper was presented at the 12th meeting of International 
Association of Forensic Sciences (IAFS) in Adelaide, Australia 
(1990) 
Offprint requests to: T. Nagata 

Materials and methods 

1. Preliminary examination. Following the negative blood test on 
the stains of cases 1 and 2 a preliminary examination was made 
using Harborne's method [7]. One or 2 fibers, ca. 0.5cm long, 
were ground in 3 drops of methanol on a welled glass slide. The 
extract was spotted onto a silica gel TLC plate, exposed to ammonia 
vapor, and radiated with UV light (wavelength 365nm). A greenish- 
violet fluorescence was observed in the samples. 

2. Confirmatory examination. Approximately 0.5 × 0.5 cm pieces 
were cut from stains on clothing worn by the victims in cases i and 
2, and a small portion of the ear of the weed in case 3 was ground 
to a powder. Each sample was mixed with 0.2ml 2N hydrochloric 
acid in a 10 ml test tube. The preparation was hydrolysed by heating 
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at 100°C for 60min, cooled and extracted twice with I ml of ethyl 
acetate. The organic layer was evaporated to dryness under a 
stream of nitrogen at 40°C. The residue was dissolved in 50 gl of 
ethanol, passed through a filter unit (Columnguard FH 4, Milli- 
pore Ltd., USA) and 2 gl aliquots of the solution were applied to 
HPLC. The flavonoids were selectively identified by an absorption 
detector adjusted to a 365 nm wavelength. 

3. HPLC conditions. The apparatus used was a Shimadzu LC-6A 
model high performance liquid chromatograph equipped with an 
absorption detector and a computerized integrator, a Shimadzu 
chromatopac C-R3A. The column was a 15 × 0.6 cm i.d. stainless 
tube packed with Shim-pack CLC-ODS (octadecyl silica). The 
eluent was water: acetic acid: methanol = 47:10: 43 (v/v/v), with 
the flow rate of 1.0 ml/min. All chromatographic procedures were 
carried out at room temperature. 

4. Calculation of retention indices (RIs) for flavonoids. To solve 
the variations of retention times (RTs) in HPLC, the idea of RI in 
gas chromatography [8] was introduced with modifications for the 
flavonoids [1]. 

Rutin with the smallest RT and rhamnetin with the largest were 
set at 0 and 100 in RIs, respectively. Each value of RI was calcu- 
lated according to the following formula, and set as a whole num- 
ber between 0 and 100. 

log t(A)/t (X) 
RI(A) = [RI(Y) - RI(X)] × logt(Y)/t(X) + RI(X) 

where 

t(A) = RT of flavonoid A, t(X) = RT of rutin, t(Y) = RT of rham- 
netin, RI(A) = RI of flavonoid A, RI(X) = RI of rutin = 0, and 
RI(Y) = RI of rhamnetin = 100. 

Results and discussion 

Case I 

The ch roma tog ram of  the stain extract  showed a single, 
small peak  with a re tent ion index (RI)  of  48 (Fig. 1), 
which was identical with that  of  luteolin. Since the stain 
originated f rom plant  material ,  a n u m b e r  of  different 
species of  weeds were  collected at the assumed site 2 
months  after the crime. The  reference grass samples did 
not  show the same pat tern  with a single peak  of  luteolin 
as seen in the stain sample.  However ,  Equisetem arvense 
(horse-tail) showed a marked  high peak  of  luteolin to- 
gether  with 3 o ther  smaller peaks  cor responding  to quer-  
cetin, kaemphero l  and apigenin and was apparent ly  the 
origin of  the stain on the sleeve. Peaks o ther  than luteo- 
lin disappeared or  became  too low to be identified when 
analyzing minute  amounts .  

The  defendant  confessed to the crime. 

0 O  

& ~ 1'0 (s i0 min 
Fig. 1. Chromatogram of the extract from the stain on the sleeve 
(case 1). Lu, luteolin 
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Fig. 2. Chromatogram of the extract from the stain on the slacks 
(case 2). Qu, quercetin; Kin, kaempferol 
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Fig. 3. Chromatogram of the extract from the weed (case 3). Qu, 
quercetin; Lu, luteolin; Kin, kaempferol; Ap, apigenin 

Case 2 

The ch roma tog ram of  the stain on the slacks showed one 
unidentif ied peak  and 2 others  cor responding  to querce-  
tin and kaempferol ,  with RIs  of  34, 40 and 67, respec- 
tively (Fig. 2). This ch romatograph ic  pat tern  was identi- 
cal with that  of  Trifolium repens (white clover) which 
was present  at the suspected scence of  crime. The  sus- 
pect  confessed to the crime. 

Case 3 

The ch roma tog ram of  the extract  f rom the weed  blade is 
shown in Fig. 3. The  characterist ic peaks  with RIs  of  29, 
31, 40 (quercet in) ,  42, 48 (luteolin),  67 (kaempherol )  
and 71 (apigenin) were present .  For  purposes  of  com- 
parison,  various species of  wild weeds were collected 
f rom a wide area along the river where  the body  had 
been  found.  The  f lavonoid pat terns  of  the sample coin- 
cided with that  of  Lol ium perenne (a type of  wild rice: 
Hoso-mugi  in Japanese)  present  at a localized ups t ream 
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a rea  o f  the  r iver  bank .  The  c r ime  was a l l eged ly  commi t -  
t ed  at  the  de s igna t ed  site.  

Conclusion 

Plan t  f r agmen t s  and  p l an t  s tains e x a m i n e d  using H P L C  
led  to  p ro secu t i on  of  cr iminals ,  thus  ind ica t ing  tha t  this  
m e t h o d  for analyzing f lavonoids can be  of  value in criminal  
cases.  
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