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Postharvest Flux and Genotype Environment Effects
for Onion-induced Antiplatelet Activity, Pungency, and
Soluble Solids in Long-day Onion during Postharvest
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AbbimioNaL INDEX worbs. Allium cepa antiplatelet, antithrombotic, functional food

AssTtracT. Two mild and two pungent onion Allium cepal.) selections (hereafter referred to as cultitypes), W420B, W424B,
MSU8155B, and Exhibition,were grown at two locations in two states (Wisconsin and Oregon) during 1994 and 1995. Onion
bulbs were harvested, stored at 2C and sampled for antiplatelet activity, pungency, and soluble solids 10 days after harvest
and every 40 days during a 210-day postharvest storage period. Significant cultitypstate and cultitypex year interactions
were detected. However, these were primarily due to the change in rank of cultitypes within the mild or pungent group.
Averaged over all environments, antiplatelet activity was significantly greater in 1994 compared to 1995 for all cultitypes.
Significantly greater antiplatelet activity was measured for three out of four cultitypes grown in Oregon compared to
Wisconsin. During postharvest storage, antiplatelet activity increased 61% and 56% across all cultitypes and across both
states during 1994, and across all cultitypes in Wisconsin during 1995, respectively. Although pungency determination can
be a good indicator for relative rankings of different cultitypes for antiplatelet activity, changes in pungency were not
correlated with changes in antiplatelet activity during postharvest storage. Results demonstrate cultitype, environment,
duration of postharvest storage and genotypeenvironment interactions influence pungency, soluble solids, and antiplatelet
activity, which should be considered when assessing onion-induced antiplatelet activity.

Allium species have historically been used by many culturekinott, 1934). In a study by Randle (1992), pungency ranged from
folk medicine and in traditional cuisine (Augusti, 1990; BlocK.,.6 for mild to 13.0umol pyruvate/g fresh weight for pungent
1992; Lawson, 1993). Onion has been suggested as a treatmentions, depending on the cultivar and sulfur substrate conditions
a variety of human ailments. Native onion sulfoxides have lipi(Randle, 1992). Since organosulfur compounds responsible for
lowering effects, fibrinolytic effects, and antiplatelet activity (Augustntiplatelet activity and pungency are synthesized from a common
1990). Platelet aggregation contributes to the risk of thromboemprecursor, the ACSOs (Block, 1992), pungency may be an indicator
lic diseases due to agglutination and fusion of blood platelefsantiplatelet activity.
obstructing the flow of blood in vessels supplying organs or tissuesPrevious studies have evaluated the relationship between total
(Mustard and Packham, 1970). Sevatiim-derived compounds dissolved solids (TDS) and total dry matter with pungency (Bedford,
have aninhibitory effect on platelet aggregation and may potentidl884; Randle, 1992). Higher TDS tend to be correlated with higher
be used to treat or prevent thromboembolic conditions. pungency and a correlation with increased antiplatelet activity can

Organosulfur compounds responsible for the distinct aromas aedhypothesized. Solids contribute to the flavor, texture, and storability
flavors in onion are synthesized from a common precursor, theoSenions. Solids are measured by the refractive index of onion
alk(en)yl-L-cysteine sulfoxides (ACSOs). Upon crushing of oniaextract on a refractometer and are highly correlated) 96) to dry
bulb tissue, the ACSOs are hydrolyzed by allinase into a suitemadtter content (Mann and Hoyle, 1945). High levels of TDS in
thiosulfinates (Lancaster and Shaw, 1989). Concentration of AC&@ons are desirable for dehydration and in certain cases are associ-
and alliinase varies with onion cultivar and is also influenced bted with good storability. Storability, the maintenance of high
environmental factors (Lancaster and Shaw, 1989; Randle, 1968glity onion bulbs during storage, is of great importance to both
Pungency, an indicator of the strength producers and consumers of onions since onions are generally

of onion flavor, is commonly measured by the pyruvic acitored attemperatures slightly>after harvest so they can be sold
method (Randle and Bussard, 1993b; Schwimmer and Westirfiavorable market prices during the winter months. Studies relating
1961) in which reaction of 2,4-dinitro phenyl-hydrazine (DNPHjry matter content and storage characteristics have shown that high
with NaOH is used to detect the presence of pyruvic acid. In onelngf matter content s related to good storability (Suzuki and Cutliffe,
the earliest studies addressing the effects of environment &889). Total dry matter percentage values of various onion cultivars
cultivar on onion pungency, investigators observed that, althoughged from 3.03 to 20.10 g per 100 g bulb material, depending on
cultivar has the most pronounced effect, geno&pavironment sulfur conditions of growth media and phenotype (Randle, 1992).
effects were important in explaining variability (Platenius ardigh sulfur substrate conditions increased pungency in cultivars
- with high pyruvic acid measurements but were associated with
Received for publication 5 June 1998. Accepted for publication 12 Apr. 1999. Tegluced dry matter or TDS measurements (Randle and Bussard,
cost of publishing this paper was defrayed in part by the payment of page chargg93a, 1993b). Postharvest changes in these variables have been
Under postal regulations, this paper therefore must be hereby reatetise- 40 mented in several studies as the ratios of organosulfur com-
mentsolely to indicate this fact.
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Genotypex environment interactions are of great interest whéry low pungency and is valued as a parent of mild-flavored onion
evaluating stability of combining ability of breeding lines acros$g/brids. The other two cultitypes, W434B and W420B, are pungent
different environmental conditions. However, they have receiviethred lines released by W. H. Gabelman at the University of
little attention in onion. In an evaluation of a seven parent onidfisconsin-Madison in 1990 and 1983, respectively, and are char-
diallel cross for general and specific combining ability (GCA aratterized by good storage quality, high pungency and high solids.
SCA, respectively) and their environmental interactions, secondOnion bulbs were grown from seed at four locations during 1994
order interactions of GCA yearsx locations were attributed toand 1995. Two locations were in Lake Labish and Brooks, Oregon,
genotypex environment interactions (Hosfield et al., 1977). Similand two locations were in Randolph, Wisconsin, at two different
observations in onion were also reported by Utkhede @i98l2). farms. Oregon and Wisconsin were selected to represent different
Quercitin, a flavonoid associated with significant health functionalimatic conditions for long day onions, and within those states, two
ity, exhibited significant genotypeenvironment interaction due tolocations were selected. A randomized complete block design was
changes in rank among cultivars grown in two Texas locations (Pagied in each state with four replications at each of the two Wisconsin
et al.,, 1995a). These studies suggest that chances of increlasations and two replications at each of the Oregon locations.
genotypex environment are usually more prevalent with moi/ithin each replication, cultitypes were randomly assigned to a plot
complex traits when tested over a wide variety of environmentand replications randomly assigned to each location. The onions

Many onion cultivars are specifically grown for storage so theyere sown in the two inner rows of four-row plots, 4.2 min length
can be sold during the winter months in the United States. Posthaithe Wisconsin locations. The outer rows were border rows of the
vest handling and storage conditions can affect bulb physiology antchmercial hybrid cultivar ‘Fortress’, provided by the Asgrow
respiration rates. Significant changes in the concentration of qugsed company, DeForest, Wis. Onion bulbs were harvested at
cetin in the cultivar TG1015Y were observed during a 5 monthgetative maturity based on the physiological stage when a mini-
storage period at four different storage regimes (Patil, d985). mum of 50% of the foliage leaves were collapsed. This is a standard
These changes were attributed to physiological changes of the bdébv&lopmental stage used by onion workers in the midwestern
during storage. It has been demonstrated that pungency and sbliied States for date of maturity. At harvest, bulbs were collected
change during storage and that this response is cultivar depenaieditstored in mesh bags in 4G cooler. Randle (1992) demon-
(Hanum et a) 1995; Kopsell and Randle, 1997; Suzuki and Cutliffstrated two replications and five-bulb samples were adequate to
1989). Hanum et al(1995) reported that allinase activity,detect a umol difference in enzymatically developed pyruvic acid
transpeptidase activity and consequently pyruvate contentincreasedentrations in onion. Thus, an equal representation of five bulbs
in one cultivar during a 32 week storage period at room temperatpez.replication from each of the cultitypes were randomly selected
Lancaster and Shaw (1991) demonstrated changes in ACSO ratimasbulked every 40 d, starting from 10 d until 210 d after harvest.
during onion bulb storage. Because allinase is the enzyme ffatthe purpose of evaluating genotyvironment interactions,
hydrolyzes the ACSOs to form thiosulfinates, which in turn inhibite analyzed data from 50 to 170 d in postharvest storage, which
platelet aggregation, it is reasonable to hypothesize that stomameesponds to the time of the commercial storage season in the
duration can affect antiplatelet activity. upper midwestern United States (Table 1). For the purpose of

To date, no studies have been conducted to investigate the effealuating changes in antiplatelet activity and pungency and related
of long-term cold storage on antiplatelet activity. In additiomteractions during the postharvest storage period, we increased the
although Augusti et a{1975) noted that fibrinolytic activity varied length of the postharvest storage period and analyzed data from 10
between ‘Spanish’ and ‘English’ type onions and Goldman etial 210 d postharvest. Dry outer scales were removed to correspond
(1995) reported significant differences in antiplatelet strength amamith typical culinary usage, bulbs were quartered along the longitu-
Allium species and species accessions, there are no investigatioad axis to obtain a balanced representation of outer and inner
that focus on the environmental aspects and within speciesaales, and from the bottom to the neck of the bulb. One quarter of
intercultivar variation of antiplatelet activity. Therefore, the objeeach of the five bulbs were macerated with a mechanical juicer for
tive of this study was to examine the effect of several environmer2@ls and the extract was collected and left on the bencli@iféb
parameters on onion-induced antiplatelet activity during the pd3® min to encourage enzymatic hydrolysis of the ACSO. Extract
harvest storage period. Further, we sought to examine the corygleparation was carried out as described in Goldman et al. (1996).
tion among pungency, solids, and antiplatelet activity to determinePlatelet aggregation was assessed using thawed onion extract
if these commonly measured bulb characters could be used fierathe samples described above. Blood was drawn into citric acid
predictor for estimating antiplatelet activity across environmerasticoagulant from healthy subjects who abstained from eating any

and during the postharvest period. Allium species or platelet-inhibitory medicines for at least 36 h and
from aspirin for 7 d. Platelet rich plasma (PRP) was prepared from
Materials and Methods blood via centrifugation as described by Schwartz and Monroe

(1986). Platelet aggregation was measured using the standard

Commercial varieties, hybrids, open pollinated populatiorghotometric technique with a platelet aggregometer described by
released inbred lines or experimental lines are often used withinBleen and Cross (1963) and modified by Goldman et al. (1996). Fifty
same study in horticultural research. To simplify the terminology fiicroliters of a standard platelet agonist (ADP) was added at a
discussing these collectively, the term cultitype was used. concentration of 10 mto platelet suspensions as a stimulus of

Four onion cultitypes from different origins or populations weigatelet aggregation. As a control, an ADP solution was substituted
selected for this study. Two cultitypes were mild flavored and hfad Allium extract, keeping all other factors the same. Aggregation
low pungency: ‘Exhibition’ (Bejo Seed Company, Holland) andas documented with an attached recording device. Data were
MSUB8155B (U.S. Dept. Agr., Agr. Res. Serv.). Exhibition, an operecorded as height of the curve in mm for 2 min following addition
pollinated cultivar, is characterized by its large size, high watdrADP. Data from replicate samples were converted with the arc-
content, and mild flavor. MSU8155B, an inbred line released sine square root transformation.
C.E. Peterson ofthe USDA, Agr. Res. Serv.in 1982, is characterizeamples were analyzed for pyruvic acid content as described by
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Schwimmer and Weston (1961). Color development was measwatidbuted to changes in rank between W434B and W420B (Fig. 2).
at 420 nm on a spectrophotometerjanaf pyruvic acid per mL of Cultitype was the largest contributing factor in an investigation
juice was calculated based on a calibration curve obtainedasgessing different components imparting variation of total querce-
measuring pyruvic acid standards simultaneously with the sampilesconcentration, an anticarcinogenic flavonoid, among several
as outlined by Schwimmer and Weston (1961). Total pyruvic acidion cultitypes (Patil et al., 1995a, 1995b). Previous research has
values were recorded. A drop of the same onion extract usedlfastrated that onion cultitypes from various sources produce varied
antiplatelet activity was used for measurement of solids witremounts of enzymatically formed pyruvate (EPY), a standard
refractometer at ambient temperature (Mann and Hoyle, 1945)neasure of pungency (Randle, 1992). EPY may also be indicative
Data were analyzed with the MIXED procedure of SAS (Littetif ACSO concentrations and allinase activity (Randle et al., 1995).
et al, 1996), to account for the fixed and random terms within tRellowing hydrolysis of the ACSO, sulfenic acids react spontane-
model, missing data, and the unbalanced design. The MIXBOsly to form organosulfur compounds, including thiosulfinates
procedure of SAS is based on likelihood probabilities and is mared disulfides (Block, 1992; Lancaster and Boland, 1990). The
accurate than the general linear model in computing estimatefotmer compounds have proven antiplatelet activity (Kawakishi
determine significance among main effects and interactions in #&mel Morimitsu, 1994; Morimitsu and Kawakishi, 1990). Our results
model for unbalanced designs and when dealing with missing date. consistent with findings that high levels of EPY seem to be
Replications within locations were considered random and all othesociated with high levels of ACSO and enzymatic activity,
terms within the model were considered fixed. Because samplimgause EPY was also associated with high levels of antiplatelet
dates can be considered a repeated measure over time, the \elatléty in our experiments.
data set was first analyzed as a repeated measurement experimeAteraged over locations, antiplatelet activity was significantly
but because ofthe complex and unbalanced design and missing kiigiaer in 1994 compared to 1995 for all cultitypes: 21.6%, 24.5%,
the SAS program could not be executed. Subsequent analyses 8&8%, and 45.8% for MSU8155B, Exhibition, W420B and W434B
performed on subsets of the data and no substantial differences vesgectively (Fig. 2). This illustrates the effect of growing condi-
observed among analyses with or without repeated measures.tibne in a given year and their effect on antiplatelet activity. It is of
final analysis on the whole data set was thus performed assunmmgprtance to note that the mild and pungent cultitypes group
independent probabilities among dates during postharvest storamggether, and that no change in rank occurred between the mild and
Replications nested within the proper interactions were put in theagent cultitypes averaged over storage duration. Significant
random statement of the MIXED procedure which determined tfiferences among years and yearcultitype interactions for
pertinent error term for testing the model. Higher order interactignangency were observed in an investigation to assess environmental
which were nonsignificant across all analyses for antiplatelet act¥fects on yield and flavor among six short-day onion cultitypes
ity, pungency, and soluble solids were removed from the model §ddvrina and Smittle, 1993). Pairwise comparisons of cultitypes
the simplified model was reanalyzed. MIXED covariance analysageraged over years and states revealed significant differences
were performed to investigate correlations among onion-indudetween the mild and pungent cultitypes for antiplatelet activity.
antiplatelet activity and pungency, antiplatelet activity and solub#SU8155B and ‘Exhibition’ exhibited an average of 24.7% less
solids, antiplatelet activity and average fresh weights, and antiplatetgiplatelet activity than W420B and W434B (Table 2). This
activity with pungency and soluble solids combined. Only tlseiggests that pungent cultitypes have consistently higher antiplatelet
noteworthy covariance analysis is reported and discussed. Rephcévity in comparison to milder cultitypes, supporting previous
tions nested within locatior state and replication nested within
locationx statex line were intended as error terms to test the mOdfgble 1. Overall mixed analysis of fixed effects for investigation of
However, because the error terms were zero based on results fOghyironmental and postharvest effects on onion-induced antiplatelet
the MIXED analysis, tests of all terms within the model were activity.
performed with the residual as error. Because of the nested fac

within the design, a simple coefficient of variation was inadequé@urce of variation NDF DDF Type lll F
to document the variability for the whole experiment. For thizate 1 12 18.15
purpose, means with 95% confidence intervals were calculated-festation (state) 2 12 8.43
the significant and appropriate terms of the model. Comparisegr 1 261 129.55
among cultitype, state, and year means were made using |Skex year 1 261 0.08
significant difference from the least squares means output fromYig@rx location (state) 2 261 0.19
MIXED procedure. A probability level dP< 0.05 was used to Date 3 261 17.13
declare significance for means comparison in this experimepigtex date 3 261 26.18
unless otherwise indicated. Locationx date (state) 6 261 2.46*

Yearx date 3 261 82.31

Results and Discussion Statex yearx date 3 261 557

Yearx locationx date (state) 6 261 571

[ NTERACTIONS OF CULTITYPE WITH YEAR AND STATE. The MIXED  Cultitype 3 48 24.72
analysis revealed significant differences for antiplatelet activigjatex cultitype 3 48 4.11
among cultitypes between years, states, and date of sampling (Taulléypex date 9 261 111
1). The cultitypex state interaction was significantRi& 0.05 but  Statex cultitypex date 9 261 1.88
was due to changes in rank between MSU8155B and ExhibitionY f&rx cultitype 3 261 4.15

grouped together as did the pungent cultitypes (W420B and WA4B)F = degrees of freedom used by the mixed analysis procedure.
(Fig. 1). The analysis also revealed significance for the years™™ Nonsignificant or significant & < 0.05, 0.01 or 0.001, respec-
cultitype interaction a® < 0.05 for antiplatelet activity and can beively.
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e C .« «--..-.  -..-.-. ing the influence of environmental factors in
: . any given year on onion-induced antiplatelet
L e R activity. State wide, Wisconsin onion produc-
i i ' tion was identical for both years. However,
-------------- average yield was 38.1 t=him 1994, while in
—e—gisE 1995 average yield was 26.3 t*h@viscon-
T B sin Agricultural Statistics Service, 1996). Av-
h—ewan | erage temperatures weréQ@ higher during
- wanm [T the 1995 growing season then in 1994, butin
August during the bulb fill stage temperatures
L o i were 5.3C cooler in 1994. Average precipi-
1994 1995 tation was 1.4 cm lower in 1995 compared to
Year 1994, and in June 1994 during early plant
development, precipitation was 9.5 cm higher.
Freeman and Mossadeghi (1973) reported
that water regime affects onion pungency.
Slightly higher moisture conditions during
_ _ 1994 with cooler temperatures during the
L R e L L L TR R R bulb fill stage might have resulted in accumu-
| B _ lation of ACSO, consequently accounting for
increased antiplatelet activity.

INTERACTIONS INVOLVING THE POSTHARVEST
STORAGE PERIOD (DATE). The MIXED analysis
revealed high levels of significance for year,
state, date, and cultitype main effects for
antiplatelet activity, pungency and solids

% Aggregation Based on Contral

ElI L I

25% 4 oo

% Aggregation Based on Control

0%y @ PRI s - : B (Table 1). For antiplatelet activity, the main
e ; = -B--Eshibition effects of year, cultitype, state, and date were
{——h—-WdnE highly significant P < 0.001) in the order of
e | xwaum [ the size of their F value, respectively. The
o most important interactions for antiplatelet
109, . . activity were yeax date, dats state, and year
Oregon ) Wisconsin " x datex state, with significance levels B
State ' 0.001 for the first order interactions aiRd

0.01 for the second order interaction, respec-
Fig. 1. Mean antiplatelet activity of onion cultitype bulb extracts by state averaged dixely (Table 1). When the MIXED analysis for antiplatelet activity
years4\) and by year averaged over stajsl(east significant means were calculatedyas performed with solids as a covariant, the effect of State became

and pooled over the 120 d postharvest storage period, states, locations within Stat%@ignificant indicating that factors causing differences in solids
replications within locations. Antiplatelet activity was measured by percentaggregal '

in proportion to a non-onion control. Fgi_east significant means were calculated ang?réa(:h state mlght also aﬁeCt antlplatelet a_c't|V|ty (Table 1)'
pooled over the 120 d postharvest storage period, years, locations within states, ar_ﬂ"e yeaw de}te interaction was highly S|gn|f|caﬁ’t<(Q.OOl) for
replications within locations. Fok and B, Ellipses around data points indicateantiplatelet activity as well as for pungency and solids. Averaged

nonsignificance & < 0.01 within states, based on the least square means analyifer states and cultitypes, mean antiplatelet activity was consider-
among the culttypes included in the ellipse. ably higher at 130 and 170 d in postharvest storage during 1994
compared to 1995 (Figs. 1 and 2). In fact, the greatest antiplatelet
work that pungency is positively correlated with antiplatelet activiagtivity during the 1994 postharvest storage period was reached at
(Goldman et a) 1996). Notwithstanding environmental interacl70 d, whereas that same point was reached at 90 d during the 1995
tions, these data indicate that mild onion cultitypes have consistepéigtharvest storage period (Figs. 1 and 2). The next first order
less antiplatelet activity compared to pungent cultitypes acrggeraction of critical importance was datstate. Averaged over
different years. cultitypes mean antiplatelet activity decreased in Oregon-grown
Antiplatelet activity was significantly higher as induced biulbs from 130to 170 d in postharvest cold storage, whereas during
Oregon-grown bulbs compared to Wisconsin-grown bulbs for thibat same period, antiplatelet activity increased for Wisconsin-
out of four cultitypes: 3.4%, 5.0%, and 5.8% for ‘Exhibition’grown bulbs. The year datex state interactions were due to the
W420B and W434B respectively (Fig. 1). Differences among stagd@nge in rank of a particular state for a given year at the same
for volatile organosulfur contents of onion bulbs has long besierage period. These interactions illustrate that compounds influ-
established (Platenius and Knott, 1934) and soil sulfate concergring antiplatelet activity were likely affected by environmental
tion has in part been attributed to cause variation in bulb pungef@sgors and subject to genotypenvironment interactions.
(Freeman and Mossadeghi, 1970). Pungency exhibited the same significantinteractions as antiplatelet
The analysis also revealed a significant main effect of yeagfivity, but the yeax datex state interaction was of greater
Averaged over states, antiplatelet activity was significantly higrgignificance P < 0.001; Table 1). Additionally, the yearstate
in 1994 compared to 1995 (Fig. 2). However, the stayear interaction was significant for pungency, reiterating the effects of
interaction was not significant. Averaged over cultitypes and sta@gyironmental influences on pyruvic acid concentrations (Fig. 2).
antiplatelet activity in 1995 was 9.7% lower than in 1994, illustreoil chemical composition, temperature, and precipitation differ
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from state to state and can affect ratios of the ACSO in onion buandle, 1992; Salama et,dl990; Vavrina and Smittle, 1993).
(Freeman and Mossadeghi, 1973; Randle.et@95). The differ- Significant changes in sugars are expected during metabolic pro-
ences between states were significant for bulb fresh weight butasses in development, maturation, and postharvest stages of the
correlation was observed when weight was analyzed as covatiai (Hurst et a] 1985; Randle, 1992; Vavrina and Smittle, 1993).
for pungency (data not presented). Differences among statesEfach of these processes can be affected by external influences such
volatile organosulfur contents of onion bulbs have long beascultitype, environments or genotygenvironment interactions.
established (Platenius and Knott, 1934) and soil sulfate concerased on the number of significant interaction terms, soluble solids
tion has in part been attributed to cause variation in bulb pungeexkibited the largest amount of genotyavironment interaction
(Freeman and Mossadeghi, 1970). Sharp decreases in enzymwidtie three traits.
cally formed pyruvate at 210 d postharvest were noted for both 1994 he datex statex cultitype interaction was significant for
and 1995. These decreases at the final sampling date may havedrggatelet activityl < 0.05). For pungency and soluble solids, this
caused by bulb decay. Despite excellent storability for three outnfl other interactions with cultitype were observed. Pungency
four cultitypes used in this investigation, bulb decay is common psisbwed a significanP(< 0.01) yeax datex cultitype interaction
150 d in postharvest cold storage. Bulb decomposition and deié to change in rank of cultitype from one sampling date to the next
leakage may have contributed to reduced pyruvate at the fihaling postharvest storage and due to year effects. During the first
sampling date. Increases in pyruvate from 90 to 170 d postharyest in storage (1994-95), antiplatelet activity increased 61% across
in 1994 and from 130 to 170 d postharvest in 1995 may have bekoultitypes and states from 50 to 170 d in cold storage. During the
the result of changes in enzymatic activity during bulb storage, seelkiond storage year (1995-96) antiplatelet activity increased by
as increases igglumatyl transpeptidase activity (Hanum et al.,
1995-)'- . . . ig. 2. Mean antiplatel ivity of onion culti Ib extr ring a 21

Similar interactions were observed for soluble soids as wéff 2 et TPl el f oo e bub et s 20
described for antiplatelet activity and pungency. Additionally,1995 harvest). Antiplatelet activity was measured by percent aggregation in
interactions such as datecultitype and cultitypes location were  proportion to anononion control. Mean pyruvate concentrations of onion cultitype
also significant for soluble solids (Table 1). Changes in solubleulbextracts during 210 din postharvest cold storage, averaged over states for the
solids during postharvest storage, and the effects of sulfur nutritid] 2+ "arvest) and for the 1995 harvega). Ellipses around data points indicate

. . . nsignificance & < 0.05 within storage date, based on the least square means

and environmental conditions on §qluble solids have been W@ﬁmysis' among the cultitypes included in the ellipse.
documented (Hurst et.al1985; Mikitzel and Fellman, 1994;
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Table 2. Least squares (LS) mean cultitype antiplatelet activity averagédonion bulbs, such as an increase in 1-propenyl cysteine
over storage duration, states, and years with lower and upper $¥foxide and a decrease in methyl cysteine sulfoxide during the

confidence intervals. storage period. Although ACSOs in garlic have not been associ-
Cultitype Lower LS mean Upper ated with antiplatelet activity (Lawson, 1998),. some e_viqlence_ in
NSUSISEE 565 58 2% 599  onion (Monr_n.ltsu et al., 1992) suggests thglr association with
Exhibition 250 26.7a ,g3 Plateletinhibition and documents different antiplatelet strenths for

various ACSOs. If ACSO ratios changed during onion bulb storage,
wzggg ig'i gg'g E ;;'i the presence of different thiosulfinates formed from ACSO decom-
i ' ~ position at different times during the storage period may explain
ZVa!ues with the same letter indicate nonsignificant differences amaimgth antiplatelet activity flux and failure of these measures to
cultitype means & < 0.05. correlate with pungency. Further investigation of the role of ACSO
ratio changes and subsequent thiosulfinate formation during bulb
56% across all cultitypes in Wisconsin between 10 to 90 dsiorage should be conducted to verify this prediction.
postharvest cold storage. Following the period of increase, antiplatele€Cultitypes responded similarly during postharvest storage
activity decreased sharply (at 210 and 130 d for 1994 and 199#ditions; i.e., all cultitypes had the lowest pyruvate concentration
respectively). Similarity in these patterns could be associated veitt210 d and the highest antiplatelet activity at 90 d in postharvest
physiological changesin bulbs during storage. Postharvest tempgi@age for 1995. Onion cultitypes used in this investigation clearly
ture conditions can influence onion plant development when buibkow the same general pattern during postharvest storage.
are removed from storage and grown (Miedema, 1994). HoweverQOnion organosulfur compounds are synthesized through com-
these conditions have not been studied systematically with respéet biochemical pathways. The individual sulfenic acids released
to onion-induced antiplatelet activity. Brewster (1994) describedodlowing hydrolysis of ASCOs are highly reactive, changing
web of complex interactions among factors contributing to qualggontaneously into the lachrymatory factor and thiosulfinates, which
and sprouting of bulbs in postharvest storage conditions. In sumerafurther transformed spontaneously into more complex and stable
rizing the main components influencing sprouting rates of stomadlecules (Block, 1985). Many of the precursor, intermittent, and
bulbs, he listed seven prestorage factors that affect sproutsmmnbinations of the final compounds can all individually or syner-
cultivar, stage of bulb development during harvest, prematgistically effect antiplatelet activity (Kawakishi and Morimitsu,
defoliation, skin integrity, conditions during ripening, harvesting994; Morimitsu et al 1992). The complexity of the organosulfur
and curing. Hanum et.4lL995) measured an increasg-giumatyl  chemistry of onions makesit difficult to control or predict antiplatelet
transpeptidase activity in onion bulbs after 84 d of storage at ambaattivity in stored onion bulbs, and these data suggest that environ-
temperatures. This enzyme is responsible for convgrtihgnatyl mental conditions can contribute to the difficulty of this prediction.
peptides into the flavor precursors, or ACSOs, which in turn areln summary, data herein demonstrate that environmental factors
hydrolyzed by alliinase to form bioactive thiosulfinates. Additiorand cultitype have an impact on in vitro onion-induced platelet
ally, significant storage quality variability was documented, daggregation and should be taken into consideration when clinical
pending on year of production or postharvest handling (Vavrina atddies are proposed or when considéringro medicinal activity
Smittle, 1993; Walland Corgan, 1994). These physiological changésnion.
in the bulb during postharvest storage may be associated wittClinical trials will be required to determine if the health function-
transformation of organosulfur compounds in the storage organality of onion is affected by year, location, and cultitype effects.
support regrowth. Enzymatically formed pyruvate determination was a good indicator
No correlations among antiplatelet activity and pungency for relative rankings of these cultitypes for antiplatelet activity.
antiplatelet activity and solids were significant. Similar to thEhus, these pungent onions were generally higher in antiplatelet
study by Goldman et a{1996), the more pungent cultitypesactivity than mild onions. However, changes in enzymatically-
usually exhibited higher antiplatelet activity compared to tliermed pyruvate were not correlated with changes in antiplatelet
mild cultitypes. In a study that focused on flavor and qualictivity during postharvest storage, making pungency an unreliable
changes in stored onion bulbs, investigators documented thatticator for measuring increases or decreases of antiplatelet activ-
although pyruvate formation in macerated tissue of onion bullysduring postharvest storage. Further, it is likely that preharvest
is correlated to pungency, pyruvate does not contribute directlgtwironmental factors biased bulb pyruvate concentrations, solids
pungency or onion flavor (Mikitzel and Fellman, 1994). Thegnd antiplatelet activity during postharvest storage. Additionally,
further observed that in more mature bulbs from their secagehotypex environment interactions influenced pungency, soluble
harvest, 3,4-dimethyl thiophene concentration remained constolids, and antiplatelet activity. Antiplatelet activity varied depend-
while pyruvate increased during postharvest storage (Mikitzed) on cultitype, environment, and time in postharvest storage,
and Fellman, 1994). Results herein agree with those of Mikiteédich should be considered when evaluating onion bulbs for
and Fellman (1994), which seem to indicate that pyruvate anddicinal properties.
thiosulfinates are affected differently during postharvest storage,
perhaps triggered by physiological changes in the onion bulb. Literature Cited
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