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Plant material
Two sage cultivars were grown in fi eld ex-
periments in 2007 and 2008 with three dif-
ferent levels of nitrogen (N) fertilization (0, 
100 and 200 kg applied N/ha). Another sage 
cultivar was harvested at three different de-
velopment stages in 2007 (before, during 
and after fl owering). In all harvests fresh 
weight yield, dry matter (DM) and content 
of diterpenes were monitored. 

Extraction and analysis 
From dichloromethane extracts of the aerial 
parts the diterpenes in Fig. 1 were isolated 
by CC and prep. HPLC and identifi ed by ESI-
MS and 1D- and 2D-NMR. Diterpenes were 
quantifi ed in frozen plant material using a 
three-step extraction procedure and sub-
sequent analysis by HPLC-PDA using car-
nosol as authentic standard.

Fig 1.  Phenolic diterpenes isolated and identifi ed in sage.

Results
The major diterpenes identifi ed in sage 
were: carnosol, carnosic asic, 12-O-methyl-
carnosic acid. The total content of phenolic 
diterpenes was found to vary between 7.9 ± 
0.7 mg/g DM and 15.8  ±  3.3  mg/g  DM. 

Development stage at harvest
Development stage at harvest had no signi-
fi cant effect on the concentration of diterpe-
nes. However, the yields of phenolic diterpenes 
per area varied signifi cantly with an optimum 
around the full fl owering stage (Fig. 2).

Fig. 2. Distribution and concentration of phenolic diterpenes 
in sage at different harvest times. Full fl owering was around 7 
June. The inserted diagram shows the yield (g/m2) of phenolic 2) of phenolic 2

diterpenes at the different harvest times. Bars are SD (n=2).

Year, N-application and cultivar
Signifi cant  differences between years (plant 
age) were found for the concentrations of 
all diterpenes averaged over nitrogen fer-
tilization and cultivar (Table 1). The diter-
pene content in the 2nd year of cultivation 
was 25 % higher (Fig. 3 insert).

Table 1. The statistical signifi cance of the treatments, culti-
vation year, N-application and cultivar. The plants were har-
vested on the 25 Oct. in 2007 (1st year cultivation) and on 6 st year cultivation) and on 6 st

June in 2008 (2nd year cultivation). nd year cultivation). nd

A tendency for the highest content of phenolic 
diterpenes was found for medium nitrogen 
application (100 kg/ha) (Fig. 3). No diffe-
rences were found between  the two tested 
cultivars. Dry matter content was strongly 
affected by both Year/plant age and N-ap-
plication with decreasing  DM as a result of 
increasing N-application.

Fig. 3. Distribution and concentration of phenolic diterpenes 
in sage at three different N fertilization rates averaged over 
cultivar, year and replicates. The inserted diagram shows the 
effect of cultivation year on diterpene concentration. Bars are 
SD (n=8, n=4). 

Introduction
Sage (Salvia offi cinalis, Lamiaceae) has 
been shown to have antimicrobial, anti-
viral, anti-infl ammatory, antioxidative, 
anti-diabetic and neuroprotective effects. 
These pharmacological properties are 
mainly ascribed to its content of fl avo-
noids, phenolic acids, and not least to its 
content of phenolic diterpenes. 
The aim of the present study was to in-
vestigate how the content of diterpenes 
depends on plant age (cultivation year), 
the plant development stage during the 
growth season and on the nitrogen ferti-
lization of the crop.

Sage in October 2007 
First year cultivation

Flowering sage in June 2008 
Second year cultivation

Conclusion
The major phenolic diterpenes in sage 
(Salvia offi cinalis L.) are carnosol, carnosic 
acid and 12-O-methylcarnosic acid. The 
total amount of phenolic diterpenes rea-
ches a maximum concentration at about 
16 mg/g DM. Plant age/cultivation year 
has a strong infl uence on the diterpene 
content, whereas N-application and de-
velopment stage in the growing season 
have only minor effects.


