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1 I n t r o d u c t i o n  

Vegetable t issues contain  beside a great m a n y  different lipids also 
enzyme  sys tems l inked to these lipids by  metabol ic  functions.  Sast ry  and 
Kates (1) found  "galactol ipases" in bean leaves, for instance,  and Galliard 
demons t r a t ed  "lipid acylhydrolases"  in potatoes  (2) and  c u c u m b e r s  (3). 

If the  t issue is des t royed mechanical ly  or by  freezing, these regulat ing 
m e c h a n i s m s  of the intact  t issue stop funct ioning;  uncont ro l led  degrada- 
t ion react ions take place and become  responsible  for the loss of certain 
lipids wi thin  a short  time. 

These degradat ion  reactions are closely related to the format ion of 
a roma  compounds ,  as has  been discussed in great  detail by  Galliard for 
c u c u m b e r s  (3), by  de L u m e n  et al. for beans (4) and by  Tressl for apples (5). 

The authors  a ssume a sequence  of in te rdependen t  enzymat ic  reactions 
to take place by which  free fatty acids (FFA) are split off hydrolyt ical ly  and 
are subsequen t ly  t r ans fo rmed  by  l ipoxygenase  into h y d r o p e r o x y  acids, 
which  are t rans formed  enzymat ica l ly  into a roma c o m p o u n d s  such as 
hexana l  and hexenal ,  for instance. That  l ipoxygenase  does not  at all - or 
only at very  low rates - a t tack fat ty acids in the form of glycerol  esters is 
a s sumed  also by  other  au thors  (see, for instance, 6, 7, 8, 9; different f rom 
these:  10). 

Processes  of lipid degrada t ion  have  been  made  responsible  also for the 
format ion  of off-flavour c o m p o u n d s  dur ing  frozen storage. Lee and 
Wagenknech t  have already regarded  the format ion  of undes i rable  taste 
c o m p o n e n t s  in deep-frozen peas (11) and  in o ther  vegetables  (12) to be due 
to the  format ion  of free fat ty acids and their  oxidat ion by  l ipoxygenase.  
Beng t s son  and  Bosund  (6) s tudied the kinetics of the format ion  of free 
fat ty acids in frozen peas and found  a considerable  hydrolys is  rate at 
t empera tu res  as low as - 18 ~ Whitfield and Sh ip ton  (13) showed  different 
a ldehydes  in non-b lanched  peas stored for 2 years  at -18~ of these 
a ldehydes ,  ace ta ldehyd  formed the greatest  part. In  mode l  tests on 
linolenic ac id / l ipoxygenase  at -5 ,  -10  and -15  ~ F e n n e m a  and Sung  (14) 
used  the increase of the UV-absorpt ion  at 234 n m  as a measure  for the 
enzyme  effect. 

*) The authors thank Mrs. G. Oechsler for her reliable cooperation in conducting 
the trials. 
640 



Duden and Frieker, Enzymat ic  degradation of  polar lipids ].73 

P u r r  (15) a lso  a t t r i bu t ed  the  fat  spo i lage  in wa te r -de f i c i en t  foods  to 
l ipo ly t i c - l ipox ida t ive  coupl ing .  He found  such  a reac t ion  s e q u e n c e  also in  
m o d e l  m i x t u r e s  of lec i th in ,  p h o s p h o l i p a s e  A + B and  soy  l i poxygenase .  
Gal l ia rd  (16), too,  a s s u m e d  on  the  bas i s  of s tud ies  in po ta to  tube r s  tha t  a 
re la t ion  ex i s t s  b e t w e e n  c o m b i n e d  h y d r o l a s e - l i p o x y g e n a s e  ac t iv i t ies  and  
the d e v e l o p m e n t  of off-f lavour  c o m p o n e n t s .  Rhee  and  Watts  (17) found,  on 
the o the r  hand ,  t ha t  the  deg ree  of l i p id  ox ida t i on  in  n o n - b l a n c h e d  peas  
s tored for  a b o u t  1 yea r  a t  - 10 ~ was  too low to cause  rancid i ty .  S e n s o r y  
analys is  of t he  n o n - b l a n c h e d  peas  s to red  in  f rozen cond i t ion  also i n d i c a t e d  
that  r a n c i d i t y  was  no t  the  ma in  cause  for the  qua l i t y  loss in the p roduc t .  
The au tho r s  a s s u m e  the re fo re  tha t  o the r  enzyma t i c  rac t ion  p a t h w a y s  
" involv ing  anae r ob io s i s  and  f e r m e n t a t i v e  changes"  m i g h t  be  r e s p o n s i b l e  
for the  fo rma t ion  of off-flavour.  

In  the  d i s cus s ions  of the  l ip id  d e g r a d a t i o n  p rocesses  and  the i r  pos s ib l e  
s igni f icance  for  the  fo rma t ion  of a r o m a  a n d  off-flavour,  only  l i t t le  a t ten-  
t ion if any  has  been  pa id  to  a t h i rd  e n z y m a t i c  reac t ion  type,  n a m e l y  the  
acyl t ransfer ,  as has  been  d e s c r i b e d  b y  Heinz  (18, 19) in grea t  detail .  The  
k n o w l e d g e  of the  course  of t r a n s a c y l a t i o n  reac t ions ,  however ,  may  poss-  
ib ly  be  of s o m e  i m p o r t a n c e  for t he  eva lua t ion  and  cont ro l  of c o m p l e x  
enzymat ic  p roces ses  i f l f luencing the  s torage  b e h a v i o u r  of g reen  vege tab l e  
t issue.  

Heinz  d e m o n s t r a t e d  the  fo rma t ion  of 6-acyl -monogalac tosy l -d ig ly-  
cer ides  (AGDG) a n d  - to a m u c h  lower  e x t e n t  - a lso of o ther  ga lac tosy l  
g lyce r ides  in  sp inach  leaves.  In  own  s tud ies  (not pub l i shed)  we o b s e r v e d  
the f o r m a t i o n  of A G D G  also in h o m o g e n a t e s  of leaves  of o ther  vege tab le s  
(celery, g reen  cabbage ,  beans) .  The  d e g r a d a t i o n  rate  of monoga lac tosy l -  
d l g l y c e n d e s  (MGDG) a n d  of d lga la~ tosy l  d ig lycemdes  (DGDG), as wel l  as 
the dec rea se  of the  to ta l  e s t e r  concen t r a t i on  and  the  fo rmat ion  of A G D G  in 
h o m o g e n a t e s  of pa r s l ey  leaves  have  b e e n  s t u d i e d  in  more  deta i l  (20). 

As  far  as we  k n o w  the re  is no i n f o r m a t i o n  ava i lab le  on the  fo rma t ion  of 
acy la ted  ga l ac to l ip id s  in  f rozen  condi t ion ;  th is  has  been  reason  for  us  to 
s tudy  the  l ip id  d e g r a d a t i o n  u n d e r  subf reez ing  cond i t ions  as a func t ion  of 
s torage t ime  a n d  s to rage  t e m p e r a t u r e .  

P a r s l e y  s e e m e d  to be  an  in t e r e s t i ng  vege t ab l e  for our  inves t iga t ions ,  
because  it is no t  b l a n c h e d  be fore  f reezing so tha t  the  enzyme  s ys t e m s  
conce rned  are st i l l  i n tac t  also u n d e r  cond i t i ons  p reva i l ing  in prac t ice .  

2 Mater ia l  and  m e t h o d s  

2.1 Preparation o f  samples  and storage 

Of parsley, which had been obtained from the local commercial market, larger 
stems were removed; the material was washed, packaged in plastic pouches, frozen 
at a high freezing rate at -50 ~ in fiat layers and stored subsequently at -12; -18; 
-24; -32 and -50~ To stop the degradation processes after the intended storage 
times, the samples were placed into a freezer cabinet showing a temperature of 
-70~ where they remained until further treatment. Samples to be blanched were 
immersed for 1 min in boiling water. 

2.2 Extraction o f  the lipids 

After storage, all samples were freeze:dried; 85 mg of each of the individual 
samples were extracted twice for 20 man at room temperature by using 5 ml 
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c h l o r o f o r m / m e t h a n o l  2:1 for  each  ex t rac t ion .  (Since  we  w e r e  i n t e r e s t ed  Only in 
ob ta in ing  re la t ive values,  fu r the r  ex t r ac t i on  s t eps  w e r e  no t  necessa ry ;  by  ex t r ac t ing  
each  s a m p l e  twice ,  a b o u t  95 % of t he  ind iv idua l  s u b s t a n c e s  were  recovered. )  

The  so lu t ions  w h i c h  h a d  b e e n  c lea red  by  cen t r i fuga t ion  w e r e  d r i ed  u n d e r  
n i t rogen ,  d i s so lved  in 0.5 ml  ch lo ro fo rm and  s to red  in vials of 1 ml  v o l u m e  c losed  
w i t h  s c rew top  and  t e f lon-coa ted  seal. The  t i g h t n e s s  of t he  cover  w a s  c h e c k e d  
regular ly  by  w e i g h i n g  the  vials. 

2.3 Chromatography 

The  h p i d  ex t r ac t s  w e r e  c h r o m a t o g r a p h e d  on  10 x 10 e m  thin-  layer  p la tes  
(Merck, No. 5631, "Nano-DC") ,  w i th  chloroform/methanol~water/glacial acet ic  ac id  
75 : 25 : 4 : 1 be ing  u s e d  for the  d e t e r m i n a t i o n  of M G D G  and  DGDG,  and  e ther /  
benzene~ethanol~glacial acet ic  acid 40 : 50 : 2 : 0.3 for  A G D G  and  f ree  fa t ty  acids.  
The  spo t s  w e r e  m a d e  vis ible  by sp ray ing  the  p la tes  w i th  50 % sulfur ic  acid and  
hea t ing  for 5 m i n  at  180~ 

2.4 Quantitative evaluation 

The  ga lac to l ip ids  (MGDG, DGDG, AGDG) w e r e  quan t i t a t ive ly  eva lua ted  by  
u s i n g  r e m i s s i o n  p h o t o m e t r y  (ZEISS  e h r o m a t o g r a m  - s p e c t r o p h o t o m e t e r ) .  The  
peak  areas  F of the  d e n s i t o g r a m s  and  the  r e spec t ive  s u b s t a n c e  quan t i t i e s  M were  
re la ted  to  each  o the r  in t he  ease  of M G D G  by 

2 FMGDG ---- K1 MMaDG 

and  in  t he  ease  of D G D G  by 

F3/2 = K2 D G D G  MDGDG 

(K 1 a n d  K 2 are  constants) .  
T h e s e  func t ions  - e x p r e s s e d  in % of t he  - 50 ~ (= zero t ime)  va lues  - w e r e  u s e d  as 

" re la t ive  s u b s t a n c e  quan t i t i e s "  for  t he  g raph ica l  r e p r e s e n t a t i o n  of t he  M G D G  and  
D G D G  degrada t ion .  

The  6-aeyl -monogalac tosy l  d ig lyce r ides  t h e  iden t i ty  of w h i c h  h a d  b e e n  ver i f ied  
by  c o e h r o m a t o g r a p h y  wi th  au then t i c  mater ia l  were  c h r o m a t o g r a p h e d  t o g e t h e r  
w i t h  d i f f e ren t  quan t i t i e s  of h y d r a t e d  A G D G  as ex t e rna l  s t anda rd .  In  t h e  ease  of t he  
A G D G  the  peak  areas  F were  p ropor t iona l  to t he  s u b s t a n c e  quant i t ies .  

T h e  quan t i t i e s  of free fat ty ac ids  f o r m e d  w e r e  e s t i m a t e d  af ter  c h r o m a t o g r a p h i c  
s epa ra t ion  by  d i rec t  m e a s u r e m e n t  of the  spo t  areas  (21). Fo r  p r e p a r i n g  the  p la tes  it 
w a s  f o u n d  n e c e s s a r y  to mod i fy  the  m e t h o d  d e s c r i b e d  by  us ing  a sil ica-gel suspen -  
s ion  a d j u s t e d  to pH 7.2; w i th  m o r e  acidic  layers,  d i f fuse  spo t s  were  o b t a i n ed  w h i c h  
cou ld  no t  be  evaluated.  Mobi le  phase :  e t h e r / b e n z e n e  / e t h an o l  / glacial  acet ic  acid 
40 : 50 : 2 : 0.3. 

2.5 Sensory  analyses 

The  pa r s l ey  was  p r e s e n t e d  for s enso ry  analys is  in t h ree  d i f fe ren t  p repara t ions :  
1. The  leaves  w e r e  no t  m i n c e d  and  t a s t ed  i m m e d i a t e l y  af ter  t h a w i n g  at  a d e q u a t e  

t e m p e r a t u r e .  
2. The  mate r ia l  was  f inely m i n c e d  in  f rozen  c o n d i t i o n  and  ana lyzed  sensor i ly  in th is  

fo rm af ter  t h a w i n g  at a d e q u a t e  t e m p e r a t u r e .  
3. S a m p l e s  of 20 g f inely  m i n c e d  pars ley  w e r e  shor t ly  be fo re  t a s t ing  g iven  in to  0.5 1 

of a w h i t e  f lour  sauce  of neu t ra i  taste,  w h i c h  was  k e p t  in a boi l ing  w a t e r  ba th  
(light sauce  ins tant ,  Maggi); t he  p r epa ra t i on  was  t a s t ed  af ter  cool ing  d o w n  to 
50-60 ~ 
If t h e  pa r s l ey  was  p r e s e n t e d  to t he  t as te r s  in raw cond i t i on  (1 a n d  2), t he  s enso ry  

analys is  was  difficult ,  b ecause  the  b i t t e r - sha rp  tas te  of t he  s a m p l e s  m a s k e d  the  
r e m a i n i n g  tas te  a t t r ibutes ;  hav ing  t a s t ed  the  first  s ample ,  t he  t as te r s  w e r e  no  longer  
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able to feel any differentiated perceptions. Added to the sauce, the parsley lost its 
bitter note, however, and its aroma could fully develop. 

We therefore confined our tests to preparations in light sauce. The evaluations 
were based on the Karlsruhe Evaluation Scheme (22) and concentrated on the taste 
only. Good to very good properties received 7-9 points, average qualities 4-6 points; 
less than 3 points indicated that the material was no longer suitable for consump- 
tion. 

3 R e s u l t s  

3.1 L i p i d  degradation 

F i g u r e  1 s h o w s  a t h i n - l a y e r  c h r o m a t o g r a m  of  t h e  e x t r a c t s  of  p a r s l e y  
s a m p l e s  s t o r e d  in  f r o z e n  c o n d i t i o n  o v e r  d i f f e r e n t  pe r iods .  A c o m p a r i s o n  of  
the  - 1 2 ~  a n d  - 1 8 ~  se r ies  of  n o n b l a n c h e d  a n d  b l a n c h e d  s a m p l e s  - t h e  
l a t t e r  r e p r e s e n t i n g  a p p r o x i m a t e l y  t h e  l i p id  c o m p o s i t i o n  of t h e  in i t i a l  
m a t e r i a l  - s h o w s  t h a t  p r o f o u n d  c h a n g e s  t o o k  p l ace  a l r e ady  a f te r  s h o r t  
s to rage  p e r i o d s .  

A f t e r  2 w e e k s  at  - 18 ~ t h e  l e c i t h i n  was  c o m p l e t e l y  d e g r a d e d ,  a p r o c e s s  
r e q u i r i n g  m u c h  less  t i m e  a t  - 1 2  ~ As  t h e  c h r o m a t o g r a m s  show,  m o n o -  

Fig. 1. Thin-layer chromatogram of lipid extracts from parsley stored in frozen 
condition. Mobile phase: chloroform/methanol/water/glacial acetic acid 75 : 25 : 4 : 1; 

saturated chamber. 2 ~1 per spot were applied. 

Non-blanched samples: 
1: -12~ 0.5 month  7: -18~ 0.5 month 
2 : -12~  1 month 8 : -18~  1 month 
3 : -12~  3 months 9: -18~ 3 months 
4: -12~ 6 months 10: -18~ 6 months 

Blanched controls: 
5: -18~ 3 months 6: -18~ 6 months 
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Fig. 2. Degradation kinetics of a) monogalactosyl diglycerides (MGDG) and b) 
digalactosyl diglycerides (DGDG) during frozen storage of parsley. 

a n d  d i g a l a c t o s y l  d i g l y c e r i d e s  a l so  d i s i n t e g r a t e d  r a p i d l y  - t h o u g h  m u c h  
s l o w e r  t h a n  l e c i t h i n  -,  w i t h  m o n o g a l a c t o s y l  d i g l y c e r i d e s  d i s i n t e g r a t i n g  
m o r e  r a p i d l y  t h a n  d i g a l a c t o s y l  d i g l y c e r i d e s .  

If  t h e  p e a k  a rea  f u n c t i o n s  2 F~/2 FMGDG a n d  DGDG w e r e  p l o t t e d  a g a i n s t  t h e  
t i m e ,  n e a r l y  s t r a i g h t  l i nes  w e r e  o b t a i n e d  for  t h e  f i rs t  3 m o n t h s  in  semi -  
l o g a r i t h m i c  r e p r e s e n t a t i o n  (figs. 2 a a n d  b). T h e  r e a c t i o n s  h e n c e  are  first- 
o r d e r  in  t h e i r  in i t i a l  phase .  T h e  r a t e  c o n s t a n t s  c o m p i l e d  in  t a b l e  1 w e r e  
d e r i v e d  f r o m  t h e s e  d i a g r a m s .  

Table 1. Constants of the degradation rate of MGDG and DGDG (mon-1). 

~ - 32 - 24 - 18 - 12 
MGDG 0.036 0.073 0.18 1.86 
DGDG - 0.024 0.084 0.29 

I t  b e c o m e s  o b v i o u s  t h a t  t h e  e n z y m a t i c  r e a c t i o n s  do  n o t  c o m e  to  a 
c o m p l e t e  s t ands t i l l  e v e n  at  - 32 ~ W h e t h e r  t h e  s t ands t i l l  w a s  c o m p l e t e  at 
- 5 0  ~ or  w h e t h e r  s o m e  r e a c t i o n s  st i l l  t a k e  p l a c e  to  a v e r y  l i t t le  e x t e n t  
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Fig. 3. Thin-layer chromatogram of lipid extracts of parsley stored in frozen condi- 
tion; Mobile phase: ether/benzene/ethanol/acetic acid 40 : 50 : 2 : 0.3 (unsaturated 
chamber). Self-prepared silica-gel G plate (see text). 1-4 non-blanched; 5: blanched. 

storage times: 1:0.5 month, 2:1 month, 3:3 months, 4:6 months, 5:3 months. 

cou ld  no t  be  d e c i d e d  because  of the  b io log ica l  f luc tua t ions  w i th in  the  t es t  
mater ia l .  

3.2 React ion produc t s  

In  the  n o n - b l a n c h e d  s amp le s  in wh ich  the  lec i th in  d i s a p p e a r e d  com- 
p le te ly  (-  12 ~ - 18 ~ -24  ~ c o n s i d e r a b l e  quant i t i es  of p h o s p h a t i d i c  ac id  
were  d e t e c t e d  (fig. 1), a fact  i nd ica t ive  of p h o s p h o l i p a s e  D effect.  Phos -  
pa t id ic  ac id  was  d e t e c t e d  on the  c h r o m a t o g r a m s  also af ter  s to rage  at  
-32~ and  even  at  -50~ however ,  at  these  t e m p e r a t u r e s  no re l a t ion  
be tween  t ime  and  quan t i t i e s  cou ld  be  noted,  w h i c h  gives  r ise  to the  
a s s u m p t i o n  tha t  the  c o r r e s p o n d i n g  reac t ions  took  p lace  not  du r ing  stor- 
age, b u t  d u r i n g  f reeze -dry ing  of the  samples .  

F igu re  3 shows  c lear ly  the  fo rma t ion  of cons ide rab l e  quan t i t i e s  of 
6 -acy l -monoga lac tosy l  d ig lyce r ides  d u r i n g  s torage  (acy l t rans fe rase  effect). 
The quan t i t a t i ve  eva lua t ion  of the  c h r o m a t o g r a m s  is d e m o n s t r a t e d  in 
f igure 4. 

At  -12~  the  acy lga l ac to sy l  d ig lyce r ides  fo rmed  at  the  b e g i n n i n g  of 
s torage d e g r a d e d  slowly,  wi th  a m a x i m u m  con ten t  r e su l t ing  af te r  a b o u t  
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Fig. 4. Kinetics of the formation of 6-acyl-monogalactosyl diglycerides (AGDG) and 
free fatty acids (FFA) during frozen storage of parsley. 

O AGDG, - 12 ~ A AGDG, - 18 ~ 
�9 FFA, - 12 ~ & FFA, - 18 ~ 

1 m o n t h .  A t  - 1 8 ~  t h e r e  was  n o  m a x i m u m ,  b u t  a s low i n c r e a s e  u p  to 
6 m o n t h s .  W h e t h e r  t he  s u b s t a n c e  d e g r a d e d  a g a i n  l a t e r  w a s  n o t  e x a m i n e d .  

Af te r  s to rage  for  6 m o n t h s  a t  - 1 2  a n d  - 1 8 ~  o n l y  sma l l  q u a n t i t i e s  of 
free fa t ty  ac ids  h a d  fo rmed ,  n a m e l y  a b o u t  4 l~g/mg d r y  m a t t e r  a t  - 12 ~ a 
q u a n t i t y  c o r r e s p o n d i n g  to a b o u t  10 % of the  fa t ty  ac ids  o r i g i n a l l y  b o u n d  to 
t he  ga l ac to sy l  g tycer ides .  A t  - 1 8 ~  a b o u t  0.5-1 ~tg/mg d r y  m a t t e r  h a d  
f o r m e d  af ter  6 m o n t h s .  

g- 

B- 

7- 

1 

o 
-2t, -18 -12 

I =onth 

b 

-50 -21, -18 -12 -50 -24 -18 -70 -18 oC 

3 ,~onths 6 ~onths 

Fig. 5. Sensory evaluation of parsley stored in frozen condition over different 
storage times. Samples marked by b were blanched - the remaining ones were non- 
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3.3 Sensory analyses 

The taste of the non-b lanched  samples decreased at -12~ within  3 
months  and a t -  18 ~ within  6 mon ths  to such an extent  that  the samples 
were no longer  suitable for h u m a n  consumpt ion  (fig. 5). A dist inct  quali ty 
loss was observed  also at -18~ after 3 months .  Even at -24~ a quali ty 
loss of about  1 score point  was noted after 6 mon ths  - however ,  this 
difference was not  significant in view of the considerable range of fluctua- 
tion of the sensory  tests. 

The off-flavour t rend was generally descr ibed as "old", "not  typical",  
"strange",  "unpleasant" ,  bu t  also as "mildly rancid",  "tasting of fish oil", 
"like fish", whereas  the b lanched  samples were rated surprisingly high. 
They  can be stored over  longer  t imes at -18~ wi thout  distinct quali ty 
loss. A fresh and pleasant  taste is retained despite blanching. 

4 Di scuss ion  

The f requent ly  expressed hypothes is  that  the spoilage of non-b lanched  
frozen vegetables  follows hydrolyt ical-Upoxidative reaction pa thways  has 
not  been exper imental ly  verified so far. The model  tests of Fennema  and  
Sung  (14), who demons t ra ted  the format ion of hydroperoxid ienoic  acids 
out of l inolenate between - 5  and -15~ are little informative in this 
respect  as long as it has not  been  verified that  free fat ty acids of the linoleic 
acid type  are released at all in frozen t issue or that  intact  esterlipids like 
lecithin or galactolipids can be directly a t tacked by  l ipoxygenase.  Bu t  
even in peas, in which  free fatty acids form in higher  quantities, the 
spoiling m e c h a n i s m  remains  controversial;  the thiobarbi tur ic  acid tests 
and the sensory  studies of Rhee and Watts (17) speak also in this case 
against  l ipoxygenase  act ion as cause of spoilage. 

The studies of Whitfield and Ship ton  (13) ment ioned  above also suggest  
rather  those  spoiling mechanisms ,  wh ich  were assumed also by Rhee  and  
Watts; for 96 % of the carbonyl  c o m p o u n d s  isolated from non-b lanched  
peas stored for 2 years at - 18 ~ consis ted of acetaldehyd,  which  is fo rmed 
nei ther  by  autoxidat ion  nor  by  l ipoxygenase-catal ized peroxidat ion  of 
non-saturated fatty acids. I t  has not  been  examined whe ther  the remaining  
4 % of the carbonyl  c o m p o u n d s  m a n y  of which  contr ibuted possibly only  
little to the off-flavour were sufficient to exceed the sensory  threshold  or 
to clearly mask  any  changes  caused  by  different processes.  

Nei ther  can the studies of Pu r r  (15) according to which  also phos-  
pholipids m a y  be the source of spoiling substances  in the sense of a 
hydrolyt ic- l ipoxidat ive coupl ing be t ransferred to vegetables,  because  the  
activity ratio be tween  different enzymes  can be very  different  unde r  the 
condit ions of s torage in frozen and dried condition. 

Phosphol ip ids  in frozen parsley are mainly  degraded  by phosphol ipase  
D; unde r  this react ion phosphat id ic  acid is formed - fat ty acids are not  
released. The react ion sequence  a s sumed  by  Pur r  (15) m u s t  hence  be 
excluded at least as main  react ion pa thway  for frozen parsley (and prob- 
ably also for other  frozen leafy tissues). We did not  f ind any fur ther  
degradat ion of the phosphat id ic  acid after 6 mon ths  at -18  ~ so that  free 
fatty acids are not  fo rmed in this way  either. 
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The si tuation is similar with the galactolipids, which  form the greater 
par t  of the leaf lipids. The acyl g roup  transfer:  

acyl t ransferase 
2 M G D G  + D G D G  ~ 2 A G D G  + digalactosyl  glycerol 

obviously  has pr imary  impor tance  for the galactolipid degradat ion under  
the condi t ions  of frozen storage. Also here, l ipoxidative coupling:  

M G D G  lipid acyl h y d r o l a s e  

FFA l ipoxygenase  

2 FFA + galactosyl  glycerin 

hydroperox id ieno ic  acid 
1 

off-flavour c o m p o n e n t s  
m a y  at mos t  play a mino r  role for spoiling processes.  

The ques t ion  whe the r  the p roduc t  quanti t ies  result ing f rom the peroxi- 
da t ion of free fatty acids - split off f rom galactolipids and/or  phosphol ip ids  
by  acylhydro lase  activities - is still being investigated. 

As far as pract ice  is concerned,  our  sensory  analyses have shown  that  
-18~  as s torage t empera tu re  are not  sufficient to store non-b lanched  
parsley for longer  than  1-2 months .  -24~ are sufficient to preserve 
adequa te  qual i ty  for up  to 1 year. In  lack of the  technical  possibilities to 
realize these  condit ions,  short  b lanching  is r e commended .  

Summary 

Under the frozen storage at usual storage temperatures of leafy tissues not 
pretreated by heat, enzymatic lipid degradation reactions take place, which lead 
already after a few weeks to a considerable or complete loss of the native polar 
lipids. These degradation processes being accompanied by a deterioration of the 
flavour have been studied in greater detail in parsley leaves. 

Among the reaction products we found large amounts of 6-acylrnonogalactosyl 
diglycerides (formed from monogalactosyl diglycerides by enzymatic transacyla- 
tion) and phosphatidic acid (formed from phospholipids through phospholipase-D 
action). The generally assumed reaction sequence: formation of free fatty acids by 
acyl hydrolases followed by hydroperoxidation through lipoxygenase and degrada- 
tion of the hydroperoxides into off-flavour compounds may hence take place, if at 
all, only to a limited extent. 

Considerable phospholipase D as well as minor acyl transferase activities are 
still detected at -24 ~ whereas at -32 ~ the lipid loss is very low. 

Deterioration processes can be avoided by blanching, a treatment not leading to 
any substantial quality loss. 

Zusammenfassung 

W~hrend der Gefrierlagerung yon thermiseh nleht behandelten Blattgeweben 
laufen bei praxisiiblichen Lagerungstemperaturen enzymatische Lipidabbaureak- 
tionen ab, die sehon naeh wenigen Woehen zu einem weitgehenden oder vollst~indi- 
gen Verlust der nativen polaren Lipide fiihren. Diese von einer Gesehrnacks- 
versehlechterung begleiteten Prozesse wurden am Beispiel yon Petersiliebl~ttern 
n~_her untersueht. 

Unter den Reaktionsprodukten befanden sich betr~chtliche Mengen yon 6-Aeyl- 
monogalaktosyldiglyceriden - entstanden dutch Transacylierung aus Monogalak- 
tosyldiglyeeriden - sowie von Phosphatids&ure, deren Bildung dutch Einwirkung 
yon Phospholipase D auf Phospholipide zu erld~iren ist. Die vielfach angenommene 
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Reaktionsfolge: Spaltung der Lipide durch Acylhydrolasen, Hydroperoxidation 
der gebUdeten freien Fettshuren durch Lipoxigenase und  Zerfall der Hydroper- 
oxide in Off-flavour-Komponenten spiclt mSglicherweise nur  eine untergeordnete 
Rolle. 

Die Phospholipase D ist selbst bei -24~ noch sehr wirksam. Acyltrans- 
ferasewirkungen sind in geringerem Umfang ebenfalls noch bei dieser Temperatur  
erkennbar. Bei -32~ werden die Lipide nur  noch in sehr geringem Umfang 
angegriffen. 

Die Verderbprozesse kbnnen  durch Blanchieren un te rbunden  werden, ohne dais 
die Petersilie dadurch eine wesentliche Qualitfitseinbul3e erleidet. 

Key words: galactolipids, phospholipids, frozen storage, parsley 
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