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Neryl Formate: Alarm Pheromone of the Cheese 
(Schrank) (Acarina, Acaridae) 

The cheese mite,  Tyrophagus putrescentiae (Schrank),  
is a cosmopol i t an  species capable  of infes t ing m a n y  types  
of foods and  s tored  products ,  and  is c o m m o n l y  found in 
house dus t  1. Whi le  ma in ta in ing  a cul ture  of t he  mite,  i t  
was  found  t h a t  the  mi tes  including bo th  sexes and  n y m p h  
t ended  to  aggregate  in to  a colony in the  feeding medium.  
Their  aggregat ion  was also observed even on a glass 
surface. I f  one or several  mi tes  a t  the  cent re  of the i r  
aggregat ion were d i s tu rbed  by  pa t t i ng  wi th  a soft  
d rawing  b rush  or squashed,  aggregat ing  mi tes  a round  
t h e m  escaped and  even tua l ly  the i r  aggregat ion  came 
loose wi th in  several  minutes ,  as shown in Figure 1. The 
same escaping behavior  of the  mi tes  was observed  when  a 
small  piece of f i l ter  paper  impregna ted  wi th  the  p en t an e  
ex t r ac t  of mi te  bodies was placed a t  the  cent re  of t he  
aggregat ion  on a glass p la te  (Figure 2). These f indings  
suggested t h a t  the  cheese mi te  conta ins  an a larm phero-  
mone  in the  b o d y  and excre tes  i t  on being d i s tu rbed  2. 
We now repor t  here the  isolat ion and the  charac te r iza t ion  
of nery l  formate ,  as the  a la rm phe romone  of the  cheese 
mite.  

Material and methods. The mi tes  were fed on a mix tu re  
of rice b ran  and  d ry  yeas t  (1:1 by  volume) a t  25~ 
70-80% relat ive h u m i d i t y  in a rear ing  vial (13 cm in 
d iameter ,  7 cm in height)  covered wi th  a round  glass 
p la te  hav ing  a 3 cm d iame te r  hole in the  cent re  which 
was sealed wi th  a piece of th in  paper  for vent i la t ion .  The 
rear ing vial was kep t  in a glass conta iner  (a des iccator  was 
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conven ien t ly  employed)  to  p r e v e n t  escape and also to 
ma in t a in  the  humid i ty .  

Bioassay  for the  a la rm p h e r o m o n e  ac t iv i ty  was  
conduc ted  on a round  glass pla te  (13 cm in diameter)  on 
which  an appropr ia te  n u m b e r  of the  mi tes  (more or less 
t h a n  100,000) had  been  placed and  kep t  for 1 h. Small  
fi l ter papers  (5 m m  2) were i m p r e g n a t e d  wi th  the  candi-  
da te  mater ia l  by  d ipp ing  for a m o n e n t  in to  i ts  successive 
10-fold di lut ion series in pen tane .  Af te r  evapora t ion  of the  
solvent ,  each fil ter pape r  was placed on the tes ted  glass 
plate.  E v e r y  2 min the  n u m b e r  of mi tes  crawling over  the  
t e s t ed  paper  was coun ted  for 10 min.  The a larm phero-  
mone  ac t iv i ty  was eva lua ted  by  the  lowest  concen t ra t ion  
of the  tes ted  solut ion at  which repel lency agains t  mi tes  
was observed (see Table  I I I ) .  

Results and discussion. For  the  isolat ion of the  phero-  
mone,  mi tes  which  escaped out  of the  cul ture  med ium 
and aggregated  on the  inside of the  cover  glass were 
b rushed  off ev e ry d ay  into a conical  flask conta in ing  
p en t an e  and were s tored.  Mites t hus  collected (about  9 ml 
in sed imen ted  volume) were fi l tered, and the  residue was 
r e -ex t rac ted  twice wi th  30 ml of pen tane .  The combined  
f i l t ra te  was dried and  c o n c e n t r a t e d  t h ro u g h  a shor t  
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Table I. Gas liquid chromatographic aualysis of some monoter- 
penoids 

Compound Column temperature �9 

120~ 100~ 

n-Decyl acetate 6.7 min 16.4 min 
LynalyI acetate 3.7 8.2 
Geranyl acetate 9.7 24.3 
Geranyl formate 7.6 18.0 
Neryl acetate 8.4 20.5 
Neryl formate 6.4 15.0 
The isolated pheromone 6.4 15.0 

a75 cm in length • 3 mm in diameter, packed with 15% PEG-20 M, 
flow rate; 30 ml helium/rain. 

Table II. Identification of reaction products from the pheromone 
and neryl formate by gas liquid chromatography 

Reaction product AnalyticaI condition 

10% BDS 15% PEG-20M 
(90 ~ (100 ~ 

Hydrogenation product 
from the pheromone 4.6 min 5.1 rain 
from neryl formate 4.5 5.1 

Hydrolysis product 
from the pheromone 16.7 22.3 
from neryl formate 16.4 22.3 

Hydrogenation and hydrolysis product 
from the pheromone 7.8 11.0 
from neryl formate 7.7 11.0 

0zonolysis product ~ 
from the pheromone 8.9 6.3 
from neryl formate 8.9 6.2 

~Identified as 4-pentanon-l-al by mass spectrometric analysis 
coupled with gas liquid chromatograph. 

Table III. Alarm pheromone activity of the isolated pheromone and 
authentic neryl formate 

Time after applying Number of mites crawling over the tested 
the tested paper paper 

Control Neryl formate Isolated 
(ppm) pheromone 

(ppm) 

(min) 0.1 1 10 0.1 1 10 

W i d m e r  column.  The concen t ra t e  was c h r o m a t o g r a p h e d  
on a silicic acid co lumn (10 g silicic acid;  Mal l inckrodt  
Ltd . ,  1.4 cm in d iameter ,  16 cm ill height)  b y  elut ing 
successively wi th  each 50 ml  of e ther :  p en t an e  mix tu re  
of t h e  following ra t io ;  0:10, 0.5:10, 1:10, 2:10, 10:10, 
and  finally w i th  50 ml  of methanol .  The  b ioassay  resul ts  
showed t h a t  t he  ac t iv i ty  was found only  in t he  f ract ion 
of e t h e r : p e n t a n e  0.5:10 mixture .  F u r t h e r  pur i f ica t ion 
of th is  f rac t ion  was m a d e  by  p repa ra t ive  t h i n  layer  
c h r o m a t o g r a p h y  on a Kieselgel-HF25 ~ p la te  (0.25 m m  
thick,  5 • 20 cm) using e ther  p e n t a n e :  0.5:10 m i x t u r e  as 
developing solvent .  The  phe romone  ac t iv i ty  was  found 
in t he  f rac t ional  zone of Rf=value be tween  0.4-0.5, which 
was scraped off and  ex t r ac t ed  w i t h  e ther  to  give, on 
evapora t ion ,  pure  phe romone  (121 ~xg), showing 1RI; 0.44 
(Rf of myr i s ty l  ace ta te ;  0.38), and  the  re la t ive r e t en t ion  
t ime  to  n-decyl  ace ta t e  on GLC; 0.91 (on PEG-20M a t  
100 ~ wi th  30 ml  he l ium per  rain flow rate) was obta ined .  

The mass  s p ec t ru m of the  isolated phe romone  measured  
b y  a mass - spec t rome te r  (Hitachi  RMS-4) coupled wi th  
gas l iquid c h r o m a t o g r a p h  gave f r a g m e n t  ions a t  role 41 
(Calls), 69 (C5H9), 93 (C:Hg), 121 (C9H13), and  136 
(C10HI~), of w h i c h  41 and  69 were  base  peak, and  the  
h ighes t  mass  ion 136 was no t  supposed  to  be the  molecular  
ion b u t  a radical  ion resul ted  b y  e l iminat ion  of a neut ra l  
f r ag men t  such as acid, wa te r  etc. This  mass  spec t rum 
p a t t e r n  is poss ib ly  suggest ive  of a doub ly  u n s a t u r a t e d  
acyclic m o n o t e r p e n e  der iva t ive  for t h e  s t ruc tu re  of t he  
phe romone  a. 

The resul t  of t r ial  compar i son  of t he  isolated phero-  
mone  wi th  several  avai lable  mono te rpeno ids  on GLC is 
shown in Table  I, which  indicates  t h a t  the  phe romone  
seems to  be neryl  formate .  The Rf-value  of the  phe romone  
on TLC was also ident ica l  wit t l  t h a t  of au then t i c  neryl  
formate .  F u r t h e r  evidence was p rov ided  by  compar ison  
on GLC be tween  each p ro d u c t  of the  following chemical  
reac t ions  of t he  phe romone  and  au then t i c  neryl  formate ;  
hydrogena t ion ,  hydro lys is  w i th  di lute  alkali, hydrogena-  
t ion  followed by  hydrolysis ,  and ozonolysis.  As shown in 
Table  II ,  i t  is conc luded  t h a t  t he  i sola ted  phe romone  is 
ident ical  w i th  neryl  fo rmate  in all respects .  The biological 
ac t iv i ty  o f  neryl  fo rmate  was also ident ica l  w i th  t h a t  of 
t he  isolated phe romone  as shown in Table  I I I .  

Ill t he  p resen t  s tudy,  neryl  fo rmate  is d e m o n s t r a t e d  to 
be an a larm phe romone  of the  cheese mite.  The  na tura l  
occurrence of nery l  fo rmate  in the  an imal  k ingdom is new. 

Zusamrnen/assung. Aus K~semilben,  Tyrophagus pu- 
trescentiae (Schrank),  wurde  Nery l fo rmia t  isoliert  und  als 
A l a r m p h e r o m o n  erkannt .  

Y. KIJWAHARA, S. ISHII and  H. FUKAMI 4 

Pesticide Research Institute, College o/Agriculture, 
Kyoto University, Kyoto (Japan 606), 30 May 1975. 

2 9 12 8 0 7 10 0 
4 18 16 17 2 ;>20 11 1 
6 ;>20 ;>20 >20 3 >20 >20 0 
8 >20 >20 >20 0 >20 >20 0 

10 >20 >20 >20 2 >20 >20 0 

s G. R. WALLER, Biochemical Application of Mass Spectrometry 
(Wiley-Interscienee, New York 1972), p. 354. 

4 Acknowledgment. We are grateful to Dr. A. SATO Of Wood 
Research Institute, Kyoto University, and Dr. T. UEr~o of Pesticide 
Research Institute, Kyoto University for mass spectrometric 
analysis respectively. 


