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to techniques  that  measure  the release of  glycerol.  As 
hydrazinolysis  can be carried ou t  at relat ively lower  temp- 
eratures, and does no t  require  any kind of  acid catalyst,  this 
approach will have a par t icular  advantage over transesterifi- 
cat ion where acid- or heat-labile moie t ies  are involved. 

Tha t  degradat ion with hydrazine,  fo l lowed by react ion 
with acetone,  quant i ta t ive ly  conver ts  phosphol ip ids  as well 
as o ther  lipids to i sopropyl idene  hydrazide  derivatives of  
their  cons t i tuen t  fa t ty  acids has been shown (3). Therefore ,  
we can assume that  the present  m e t h o d  should work  for  
quan t i t a t ion  of  O-acyl lipids o ther  than triglycerides. 
Moreover,  a combina t ion  of  s p e c t r o p h o t o m e t r y  and G L C /  
t-IPLC should enable accurate  de te rmina t ion  of  total  fa t ty  
acids and their  individual p ropor t ions  in a lipid sample (4). 
To  use a hydrazinolysis  value, de te rmined  by absorbance at 
229 rim, in the  manner  that  iodine or saponif icat ion values 
are used for character iza t ion of  oil samples, should be possi- 
ble. The  m e t h o d  can also be used for analysis of  the tri- 
glyceride con ten t  of  b lood samples. 
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ABSTRACT 

Oil-type hybrid sunflower seed exposed to relative humidities of 
65%, 84% and 93% in environmental chambers at 10 C attained 
equilibrium moisture contents (mc) of 7.5• 10.1-+0.2% and 
13.4-+0.5% and were stored under these conditions for up to 60 
weeks (wk). At 7.5% mc, germinability of seed changed very little 
during storage, but at 10.1% mc and 13.4% mc, germination signi- 
ficantly decreased during storage. At 7.5% mc, free fatty acid 
(FFA) levels in extracted oil did not change significantly during 
60 wk of storage. Ilowever, at 10.1% mc, FFA increased signi- 
ficantly during 40 wk of storage and were significantly correlated 
with the invasion of seed by the storage fungus Aspergillus (r = 
0.81). At 13.4% mc, FFA increased significantly during storage and 
were positively correlated with the invasion of seed by Aspergillus 
and Penicillium and negatively correlated with germination per- 
centage. Invasion of surface-disinfected seed by fungi decreased 
from 83% to ca 66% of total seed during storage at 7.5% mc. The 
predominant fungus was Alternaria alternata (Fr.) Keissler. A pre- 
viously unreported Alternaria sp., morphologically similar to A. 
ricini (Yoshii) Hansford and A. macrospora, was isolated from 
9% of the seed. At 10.1% mc, fungal invasion also decreased for 24 
wk and then began increasing again. At 24 wk of storage, Aspergillus 
began invading the seed. At 13.4% me, 100% of the seed were 
invaded with fungi within 8 wk of storage. Total Alternaria rapidly 
decreased during storage: and after only 4 wk of storage, the seed 
were invaded by both Aspergillus and Penicillium. After 24 wk of 
storage, the predominant genus was Aspergillus, followed by Penicil- 
lira and Alternaria. Other fungi invading the seed were Cladosporium, 
Pboma, Mucor, Rbizopus and several unidentified fungi. 

INTRODUCTION 

Sunf lower  seeds are somet imes  harvested at high mois ture  
con t en t  and stored wi thou t  adequate  drying. Fungal in- 

vasion, seed-mass heating, high levels of  free fat ty acids 
(FFA)  in ex t rac ted  oils and a decrease in seed germinabil i ty  
are problems encoun te red  when sunf lower  seeds are stored 
under  high mois ture  condi t ions  (1-7). Fungal invasion and 
decreased germinabi l i ty  are propor t iona l  to increased 
mois ture  content ,  elevated seed-mass temperature  and 
length of  storage (1). Poisson et al., (4) repor ted  that  molds 
begin growing on whole sunf lower  seed above 65% relative 
humid i ty  (RH) and 6.5% moisture  con ten t  (mc), whereas 
yeast  and bacteria required seed moistures  above 10%. 
Christensen (8) repor ted  that  100% of  open-pol l inated sun- 
f lower  seed (cv. Peredovik) s tored at mois ture  contents  of  
9.5% and 11% were invaded by storage fungi within 82 days 
and the decrease in germinabi l i ty  was approximate ly  pro- 
por t ional  to increased moisture  content .  Baudet  (9) re- 
por ted  that  sunf lower  seed with 12% mois ture  will maintain 
seed qual i ty  for  4 mon ths  when stored at 5 C and only 3 
mon ths  when s tored at 10 C. ite also found that  sunflower 
seed at 10% mois ture  will maintain seed quali ty for ca. 5 
m o n t h s  when s tored at 10 C and about  3 months  at 20 C. 
No in format ion  about  maintaining qual i ty  was given for 
seed mois ture  conten ts  of  less than 10%. 

Confl ic t ing in fo rmat ion  exists on the  op t imum and safe 
storage condi t ions  for  sunf lower  seed and no research has 
been repor ted  on storage of  the new hybrid  seed. A wide 
range of  " sa fe"  mois ture  levels are current ly  r ecommended  
(6-10%) that  supposedly  min imize  microf loral  growth and 
invasion and maintain  good seed qual i ty  during storage 
(7,10,11).  Scientists  at Nor th  Dakota  State University 
r e c o m m e n d e d  that  seed to be s tored for  up to 6 months  
should be at 10% mois ture  or  less whereas seed to be stored 
up to a year  should be 8% or  less (7). Christensen (10) 
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TABLE I 

Changes in Free Fatty Acids, Germination and Mold Counts of Sunflower Seed Stored at 3 Moisture Levels 
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7.5% Moisture content 10.1% Moisture content 
Free fatty Free fatty 

Storage acids b Germination b Mold count acids b Germination b Mold count 
weeks) a (% as oleic) (%) (cfu g-I )c (% as oleic) (%) (cfu g-a )c 

13.4% Moisture content 
Free fatty 

acids b Germination b 
(% as oleic) (%) 

Mold count 
(cfu g-I )c 

0 0.35 97 4.11 0.35 97 4.11 0.35 97 
4 0.42 98 4.72 0.49 97 3.78 0.59 94 
8 0.39 96 4.89 0.50 95 4.85 0.95 92 

12 0.47 97 4.48 0.54 95 4.40 1.62 88 
16 0.41 98 4.88 0.50 96 4.81 1.97 88 
20 0.43 98 4.81 0.51 97 4.08 2.35 90 
24 0.57 96 4.48 0.69 94 4.11 3.57 87 
28 0.56 98 3.95 0.77 96 3.90 3.20 87 
32 0.47 94 4.36 0.75 92 4.18 - - 
36 0.46 97 4.51 0.83 96 3.70 -- - 
40 0.39 96 4.51 0.96 92 4.20 - - 
44 0.39 94 4.38 . . . . .  
48 0.49 95 4.23 . . . . .  
52 0.41 96 4.08 . . . . .  
56 0.41 94 4.23 . . . . . .  
60 0.56 95 5.14 . . . . . . .  

4.11 
5.45 
6.36 
7.15 
7.60 
6.36 
7.72 
7.41 

aTemperature of storage, 10 C. 
bThree repetitions analyzed in duplicate. 
CLog of numbers of colony-forming units per gram: 2 and/or 3 repetitions analyzed in duplicate. 

repor ted  that  the lower  l imit  of  mois ture  tha t  pe rmi t t ed  
invasion of  confec t ionery  sunf lower  kernels by storage 
fungi was ca. 6%, but  at mois ture  con ten t s  be low 6.5%, 
invasion was very slow. Ryazantseva ( 1 1 ) s t a t e  that  sun- 
f lower  seed should be dried to 7% mois ture ,  and, for  long 
term storage, should be cooled  to at least 10 C. 

The object ives of  this s tudy were to investigate the 
ef fec t  of  mois ture  con ten t  during storage on the chemical  
and microbial  qual i ty  of  new hybr id  sunf lower  seed and to 
obtain addi t ional  in format ion  on o p t i m u m  condi t ions  for  
storing sunf lower  seed. 

MATERIALS AND METHODS 

Sunf lower  seeds were freshly harvested,  mixed  hybr id  com- 
mercial  seed f rom the 1981 crop in Nor th  Dakota .  Seed 
characterist ics were:  mosi ture ,  9.1%; oil, 45.8% dry basis; 
F F A  (% as oleic), 0.35%; germinat ion ,  97%; dockage,  less 
than 2%. Seed tested contained 10% insect  holes and 
germinat ion  of  these seed was 60%. 

Ca. 130 g al iquots  of  seed were put  in pe r fo ra ted  poly-  
e thylene  bags and placed in env i ronmenta l  chambers  
mainta ined at 10 C and RH of 65%, 84% and 93%. Samples  
were repl icated 3 t imes by placing al iquots  of  seed in each 
chamber  at 3-day intervals. Seeds stored under  these con- 
dit ions a t ta ined average mc of  7.5-+0.21%, 10.1-+0.19% and 
13.4-+0.50%. Seeds at 13.4% mc were s tored for  28 weeks 
(wk), 10.1% mc for  40 wk and 7.5% mc for  60 wk. Sample  
bags of  seed were removed every 4 wk and analyzed for  
mois ture  conten t ,  germinat ion  percentage,  FFA,  n u m b e r  
and kinds of  fungi and total  mold  count .  

Moisture con t en t  and F F A  were de te rmined  by AOCS 
methods  (12). Germina t ion  percentage was de te rmined  by 
placing 100 seeds of  each sample be tween  wet  paper towels  
that  were rolled up loosely and incubated  at room tem- 
perature at RH above 95% for  several days. Any  seed that  
p roduced  a sprout  or roo t  after a 5-day incubat ion  was 
counted  as germinated.  Number  and kinds of  fungi  present  
were determined by the procedure  of  Christensen (1). 
Forty-f ive seeds were shaken for  1 1/2 rain with 60 mL of  
2.6% sodium hypochlor i t e ,  rinsed twice with sterile distil led 
water  and put  on plates on t o m a t o  juice agar conta in ing 6% 
NaC1 (15 seeds per plate). Plates were incubated  at 27 C unti l  

the  fungi grew ou t  and could be ident i f ied (5-7 days). To ta l  
mold  counts  were de te rmined  by grinding 11 g nonsurface-  
dis infected seed in a sterile Waring blender  with 99 m L  
distilled water  for  1 1/2 min.  Counts  were made  in dupli-  
cate on po ta to  dext rose  agar acidified to pH 3.5 with 1.8 
mL 10% tartaric acid. Plates were incubated  at 27 C fo r  72 
hr (13). 

Data were analyzed statist ically for mean,  s tandard 
deviat ion and corre la t ion coef f ic ien t  and a second-degree 
po lynomia l  equa t ion  across wk was f i t ted  using the  general  
l inear mode l  p rocedure  in SAS (14). 

RESULTS AND DISCUSSION 

Storage of  sunf lower  seed under  3 d i f ferent  mois ture  
levels at 10 C had only a small e f fec t  on seed ge rmina t ion  
excep t  under  the  higher mois ture  levels (Table I). At  7.5% 
me, the germinat ion  percentage did no t  change signif icantly 
during storage;  but  at 10.1% me, germinat ion  decreased 
significantly (P<O.01) f rom 97% to 92% after  ca. 32 wk of  
storage. At  13.4% me, germina t ion  decreased s ignif icant ly  
(P<O.01) with increasing storage t ime up to 12 wk;  af ter  
12 wk, germina t ion  f luc tua ted  and appeared to have leveled 
off. Under  this high me, germina t ion  was lower  than tha t  
achieved with lower  me. At  7.5% me, no signif icant  correla- 
t ion was found  be tween  germinat ion ,  F F A  and the percen-  
tage of  seed invaded by fungi,  but  at 10.1% me, germina-  
t ion was negatively correla ted with F F A  and invasion by 
the storage fungi  Aspergillus (r = -0.45 and -0.44, respec- 
t ively).  At  13.4% me, germinabi l i ty  was negatively cor- 
related with F F A  (r = -0.65) and invasion of  the  seed with  
Aspergillus (r = -0.67) and Penicil l ium (r = -0.74) (Table II). 

Under  favorable condi t ions ,  storage fungi invade the 
germs or  e m b r y o  of  seed, perferent ia l ly  causing weaken ing  
and death of  the e m b r y o  (15). Mondal  et  al., (16) f o u n d  
that  as storage of  oilseeds (mustard,  l inseed and sesame) 
con t inued ,  storage fungi increased, accompanied  by a 
reduc t ion  in seed germinabi l i ty ,  par t icular ly  at h igher  
mois tures  (9-13%). l ta lder  and Gup ta  (17) r epor t ed  a rapid 
loss of  sunflower-seed germinabi l i ty  when the mois tu re  
level was main ta ined  at ca. 15%. However ,  Cap t an - t r ea t ed  
seeds s tored under  the  same Rt t  showed a cons iderably  
higher percentage of  germinat ion .  They  conc luded  that  the  
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TABLE 11 

Correlation Coefficients of  Storability Tests of  Sunf lower  Seed Stored at 13.4% Moisture Content  for 28 wk 

FFA Seed invaded Total 
% as oleic by fungi, % Alternaria Aspergillus Penicillium Mold count  

-0.65 -0.09 0.68 -0.67 -0.74 -0.56 
0.15 -0.68 0.72 0.65 0.67 

-0.78 0.85 0.70 0.41 

Germination (%) 
FFA (% as oleic) 
Seed invaded by fungi (%) 
Total 

Alternaria 
A spergillus 
PeniciUium 

-0.90 -0.77 -0.57 
0.72 0.44 
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FIG. 1. Percentage of surface-disinfected sunflower seed invaded by 
fungi during storage at 3 moisture levels. 
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FIG. 2. Percentage of invasion of surface-disinfected sunflower 
seed by fungi during storage at 7.5% mc and 10 C. aTentative 
indentification. 

decline in germinability in untreated seed appeared to be 
caused by fungal pathogenicity. Germination data in the 
present study indicate that germinability in untreated seed 
depends on both moisture content  and the extent of fungal 
invasion. 

At 7.5% mc, FFA in the oil extracted from sunflower 
seed did not change significantly during 60 wk of storage 
(Table I). However, ~it 10.1% me, FFA increased signifi- 

cantly during storage (P<0.01), reaching 1.0% FFA by the 
end of 40 wk of storage, and showed a positive correlation 
with the invasion of the seed by Aspergillus (r -- 0.81). 
At 13.5% mc, FFA increases was highly significant during 
storage and reached 3.6% after only 24 wk of storage�9 
Increased levels of FFA in the seed were positively cor- 
related with the invasion by Aspergillus (r = 0.72) and 
Penicillium (r = 0.65) and negatively correlated with ger- 
mination (r = -0.65) (Table II). In previous studies, we 
found that confectionery sunflowcr kernels were sour when 
FFA reached 2% (13). 

Mold counts wcre variable with no significant change 
during 40 wk of storage at 7.5% and 10.1% mc (Table I). 
Ilowever, at 13.4% mc, mold counts increased to 2.3 mil- 
lion/g (6.36 logl0 cfu/g) after 8 wk of storage, and between 
4-6 wk Aspergillus and Penicillium began to invade the seed 
and rapidly increased until 20 and 24 wk, respectively (Fig. 
4). The highest FFA levels were found in seed at 13.4% me, 
which also had high mold counts. At 7.5% mc and 10.1% 
mc, mold counts were not significantly correlated with 
germination, FFA or fungi, but at 13.4% me, counts were 
correlated the highest with FFA (r = 0.67) (Table If). 

The percentage of surface-disinfected seed invaded by 
fungi during storage at the 3 moisture levels is shown in 
Figure 1. At 7.5% mc, fungal invasion gradually decreased 
from 83% to ca. 66% after 36 wk and remained unchanged. 
These seed were primarily invaded by field fungi of the 
genus Alternaria, which decreased from 85% to 55% inva- 
sion by 60 wk of storage (Fig. 2). The predominant fungus 
was A. alternata (Fr.) Keissler. A previously unreported 
Alternaria sp., morphologically similar to A. ricini (Yoshii) 
ilansford and A. macrospora, was isolated from ca. 9% of 
the seed during storage at all moisture levels. Other fungi 
invading these seed were Cladosporium, Pboma, Mucor, 
Rbizopus and several unidentified fungi. These fungi were 
grouped as "other fungi" in Figures 24 .  The percentage of 
seed invaded by fungi did not correlate with FFA or ger- 
minability at 7.5% inc. 

Fungal invasion of seed with 10.1% mc decreased from 
83% to 64% during 24 wk of storage and then increased to 
86% by 40 wk of storage (Fig. 1). Aspergillus began invad- 
ing these seed by 24 wk of storage and by 40 wk of storage 
had invaded 34% of the seed, whereas total Alternaria 
gradually decreased during storage from 85% to 42% at 36 
wk (Fig. 3). These seeds were also characterized as not 
having Penicillium as a significant genera because the RH 
was just below that required for most species to grow (15). 

At 13.4% mc, 100% of surface-disinfected seed were 
invaded by fungi at 8 wk of storage (Fig. 1). Total Alternaria 
invasion decreased significantly from 85% to 39% by 8 wk 
and remained fairly constant for the rest of the storage 
period (Fig. 4). After only 4 wk of storage, 23% of these 
seeds were invaded by Aspergillus and invasion increased to 
75% by 28 wk of storage. Penicillium had invaded only 4% 

JAOCS, vol. 61, no. 4 (April 1984) 



771 

EFFECT OF MOISTURE ON SUNFLOWER SEED 

P 

E 
40 

A s p  ers  s 
A l t e m a t i a  r,cm= 

~c / - - -  O ner Fungi "IL 

2 0  

4 8 12 t6 20 24 28 32 36 40 

10 1% M o i s t u r e  S t o r a g e  ( W e e k s  ) 

100 

-6  8 0  

~ 60 
g 
~ 4 0  

2 0  

~ ~ A s l~er9,"u~ 

-- Total Alrernar,a 

....... P~njc,~l,u m -- 

6 ~ ~ . ' f : " : ' " f ~  ....... Other ' un(J, 
. - -  :&!ternar,a r,cm, 

a 

4 8 12 t6 2 o  24 28 

13 .4% M o i s t u r e  S l o r a g e  ( W e e k s  ) 

FIG. 3. Percentage of invasion of surface-disinfected sunflower 
seed by fungi during storage at 10.1% me and 20 C. aTentative 
identification. 

FIG. 4. Percentage of invasion of surface-disinfected sunflower 
seed by fungi during storage at 13.5% mc and 10 C. aTentative 
identification. 

of the seed by 4 wk and reached 41% invasion by 24wk.  At  
13.4% mc, total  Alternaria was posi t ively correlated with 
germinat ion  (r = 0.68) and negatively correlated with FFA,  
seed invaded by fungi, Aspergillus, Penicillium and mold  
counts  (Table I1). 

Based on our  findings, viable seed with good oil charac- 
teristics can be main ta ined  for  well over  a year  at 7.5% mc 
and storage temera ture  of  I 0  C. Seed at 10.1% mc would,  
for  all practical  purposes,  mee t  the 10% mois ture  max imun  
for Grade No. 1 sunf lower  seed established by the Minnesota  
Depar tmen t  of  Agricul ture,  Grain Inspect ion  Division (18). 
However ,  as our  data  show, F F A  levels in seed with 10.1% 
mc reached ca. 1% and germinat ion  decreased to 92% after  
40 wk of storage, whereas longer storage may  result in 
significantly decreased oil quali ty.  Polchaninova  et  al., (19) 
repor ted  that  at a t empera ture  of  5-10 C and seed with a 
mois ture  o f  10.8%, the F F A  in the ex t rac ted  oil showed 
essentially no change after 4 mon ths  of  storage. However ,  
when the same seeds were s tored at 20 C, the F F A  in- 
creased more  than 10-fold. Our results show that  condi t ions  
also occur  in sunf lower  seed s tored at 13.4% mc that  sup- 
por t  prolific fungal growth ,  even though the storage tem- 
perature was 10 C. Ten percent  of  the seed had insect holes, 
which probably  con t r ibu ted  to increased fungal invasion 
and F F A  content .  

F F A  increase in oilseeds with increasing invasion of  
seeds by fungi, but  such an increase may  depend on the 
fungus involved and on the mois ture  con t en t  of  seed (3,20).  
McGee and Christensen (3) repor ted  that  analyses for 
individual fa t ty  acids or  total  fa t ty  acids would  no t  aid 
in detect ing early stages of  de ter iora t ion  caused by fungi 
during storage or in evaluat ion storage qual i ty .  Our data 
indicated that  at bo th  10.1% and 13.4% mc (2 wk data no t  
r e p o r t e d ) , F F A  levels began to increase before  the invasion 
by Aspergillus was de tec ted ,  which suggests that  the initial 
increase of  F F A  might  no t  be caused by invading fungi. In 
fact,  by the t ime the seed were invaded by Aspergillus, F F A  
had already doubled  at 10.1% inc. Therefore ,  based on our  
findings, we conclude that  measuremen t  of  F F A  is a valid 
indica tor  for  predict ing storage qual i ty  of  sunf lower  seed as 
well as de termining the number  and kinds of  fungi present.  
More studies are needed to establish the cause for  the early 
increase in the pool  o f  F F A  and any relat ionship o f  this 
pool  to subsequent  fungal invasion. 
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