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ABSTRACT 

Soybeans are subject to potential contamination 
from toxic weed seeds during harvest, transportation 
and storage. The more common foreign seeds include 
tlmse from jimsonweed, cocklebur, nightshade, cow- 
cockle, corncockle, morning glory, castor, pokeweed, 
and crotalaria. This review addresses itself to the 
chemistry and toxic prince.pies of these contaminants. 
Since jimsonweed seeds are probably the most toxic 
and most prevalent contaminant of soybeans, they 
are discussed in greatest detail. A gas liquid 
chromatographic method for the detelmination of 
tropane alkaloM~ in j imsonweed seeds is described to- 
gether with the results from analyses of 11 samples 
found in grain shipments. Results of a nationwide 
survey of j imsonweed seeds in soybean samples are 
also inclur Ti le  fate of jimsonweed seed alkaloids 
during solvent extract ion of  contaminated soybeans 
and alkali refining of crude off was investigated. 
Extraction of  a 50:50 mixture of soybeans and jim- 
sonweed seeds with petroleum ether yielded meal and 
crude oil fractions; chemical analysis showed that vir- 
tually all the alkaloids remained in the meal. AlkaE 
refining effectively removed atropine added to crude 
soybean oil. 

INTRODUCTION 

Many plaints contain alkaloids, glucosides, irritant oi~s, 
organic acids, minerals, resins, and phytotoxirLs that are 
potentially toxic to man and domestic animals. Kingsbuty 
(1) poinzs out that while raany poisonous principles are 
potentially dasastrous to livestock, some have not been 
troublesome because of  certain deep seated protective 
feeding habits and, with few exceptions, animals will not  
becoine poisoned by plants unless forced to do so by some 
unusual or artificial conditions of  husbandry. Also, it was 
emt~hasized that control of  livestock poisomng should be 
sought in szock management. 

On the other hand, herbicides, improved cultivation 
practices, and vigorous cleaning of food grains prior to 
processing render the possibility of man being poisoned 
from eating contaminated grains very unlikely. Even under 
ideal conditions, the poisoning of  humans by toxic weed 
seeds ~nd plants is emzemely rare. 

Nonetheless, a number  of  toxic weed seeds have been 
identified as contaminants in soybean .~aznples taken by the 
Federal Grain Inspection Service. These include cocklebur, 
morning glory, castor, pokeweed, eowcockle, cmncockie,  
nightshade, crotalaria, and jimsonweed. Weed seed contami- 
nation can result from the plants growing with the grain 
crops and subsequent pick-up during harvest. It has been 
suggested (2,3) that amounts  o[  foruign material permitted 
by U.S. Federal Grain Standa.tds (4) contribute to the 
problem. According to these standards, U.S. No. 1 grades 
of  grain may contain up to 1% foreign material, i.e., dirt, 
weed seeds, and trash. Other grades may contain up to 5%, 
Hutchins (3) states that foreign material costs the soybean 
industry hundreds of  thousands of  dollars in capital invest- 
ments for grain elearring equipment and damage to process- 
hag equipmen t. 

Aside from potential toxicity aspects, another obvious 
but virtually unexplored facet of  the problem concerns the 
effects of foreign material on the quality of finished 
protein and off products. Altliough it has been shown that 
the presence of  foreign material during soybean processing 
contributes to lower flavor stability and darker colored oil 
products (5), little is known about the effects of foreig~ 
material on protein functionality. 

Of the seeds cited in the introductory paragraph, jimson- 
weed is without a doubt the most common and the most 
toxic. Occasionally, herbicides are not effective in con- 
trolling this weed. For example, in 1973, sorghum exported 
to India was badly contaminated with jimsonweed seed 
because the seeds are about the same size and color as 
sorghum and cannot be separated during harvest or by 
screening and c lean~g (2). That incident prompted investi- 
gations concerning the analysis, distribution, and fate of 
toxic alk',doids in soybean processing (6) .  This review 
will summarize these findings. 

Muctl of  the literature on toxic plants and weed seeds 
has been summarized by Kirtgsbury (7) and Muenseher (8), 
Several additional texts (9,10) are useful because they 
provide color photographs of many of the plants of in- 
terest, Radeleff (1 1) and Garner (l 2) have thoroughly 
discussed the poisoning of  livestock and poultry by weed 
seeds in their textbooks on veterinary toxicology. Botanical 
information on toxic weed seeds can be found m Bailey and 
Bailey (13), and the Merck Index (14) is a valuable source 
of  information of  the chemiatty of  toxic principles found in 
weed seeds. The foregoing have been freely drawn on in 
preparing this review. 

TOXIC WEED SEEDS - D|STR|BUT~ON 
TOXIC PRINCIPLES, AND POISONING 

The toxic weed seeds identified as contaminants ii1 
soybeans, their geographical distribution, and toxic princi- 
ples are given in Table L 

Cocklebur (Xanthium strumarium ) 

Cockleburs are widely distributed throughout North 
America. Authorities disagree as to the toxic principle. 
Rad~leff ( i  l )  states ~hat the germinating seeds and seed- 
liars contain the laighly toxic glucoside xanostrumafium. 
[Iowever, Kingsburg (7) cites a critical pharmacoloNcal 
study ( 1 5 ) t h a t  proved beyond doub~ that the poisonous 
principle in eocklcburs is l~ydroquinone. This compound 
has been isolated from the plant, and ttae lesions of cockle- 
bur poisoning can be reproduced in detail by administration 
of synthetic hydroquinone. Also, it has been impossible to 
demonstrate that hydroquinone is present ha a glucos~dic 
combination in the plant. 

Co~klebut poi~omng of aE classes of domestic livestock 
has been reported from most areas of the UniZed Stales 
(16). Tl'te poisonous principle in mature piants is contained 
in seeds, which are toxic at a level of ca, 0.3% of an ani- 
:ual's weight. However, since the seeds are encased within 
the buts, which are normally not  eaten, poisoning rarely 
results. Plants in the cotyledonary state of growth ale toxic 
at ca. 1,5% of an animal's body weight. However, as the 
plant germinates, hydroquinone is distributed into the 
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T A B L E  I 

Toxic  Weed Seeds IdetUified. in Soybeart,~ a 

Need Germ, s, species Distribud*an~ United Sta tes  Toxic  principle(s) 

Cock lebur  ~anthiura ,~tru~nariura Widespread r tydroquino~ae 
Nigh tshade  A t r o p a  bellaclonn~ Cul t iva ted  l ' r opa~e  nlkaloids 
Coweockle  Saponaria vaeearta N o r t h w e s t e r n  s ta tes  Gi thagen in  
Cornco  ck le Agroa ' tem~a githago Wid espre ad G lth agenin  
Morning gtoXy Ipo~nea spp. Widespread Cla~'irle, indole alkaloids 
Cas tor  Riegnus communes  S o u t h  cenf ta l  Rictnine,  r lc ln 
Pokeweed Paytota=ea americana Esster~t Sai~aills, glyeopruteins 
Crota lar ia  Crotalaria spp. Sou thwes t e rn ,  s o u t h e r n  Pyrrol~zMino alkaloids  
J imsonweed  Datura s teamo~ium Widespread T ropane  alkaloid~ 

aU.S, Federa l  Gra in  Inspec t ion  Service. 

seedling. Since toxicity is not lost ,an drying (7), consump- 
t ion of  silage contaminated with cocklebur can poison 
livestock. Pigs are commonly poisoned (17), with symp- 
toms of  deplession, nausea, vomiting, and muscular weak- 
ness. These symptoms a~c also common to other classes of 
livestock, except that-vomitii~g may not  he aceomphshed 
by ruminants. Fowl poisoned by cocklebur seeds exhibit 
no symptoms other  than profouzzd depression (7). 

Cmtalaria spp 

Crotalaria species reported to be toxic include C, sagit- 
tails, C. spectahilus, and C. retusa. The f~rst is fairly widely 
distributed in areas bounded-by Texas, Florida~ Southern 
New England, and South Dakota, and forms extensive 
stands in boitomlands of the Missouri and other  rivers. In 
the middle 1880s, C. sagiHalis was reported to be toxic to 
horses feedin_g on the plant found in river bottoms, ttow- 
ever, this condition l~nown as "bot toms disease" became 
less important after 1900, and Kingsbury (7) states that C. 
sagittalis poisoning was exclusively a disease of  the 19th 
Century. 

C. spectabitus is distributed in fields and roadsides of  the 
southern states north m Virginia and Missouri, while 6". 
retu~a is lbtmd in waste places and sandy soil regions in 
Peninsular Florida. Neal el al. (18) isolated an alkaloid from 
C. spectabilus seeds, leaves, and stems and named it mono- 
erotaline. Subsequent studies hy Adams and Rogers (19) 
showed monocrotaline to be a pyrrolizidine alkaloid, the 
structure of  which is shown below. 

0 CH a 0 

~ ,NC~3 c ~  3 

O OH 0 

Monocrol;aiine 

Monocrotaline has also been isolated from the seeds and 
other parts of C, retusa(t9). 

Beeker et el, (20) have reviewed the toxici ty of  C. 
speerctbilus and C. retu.~a. C. spectabitus has caused severe 
poisoning in fowl, cattle, and horses, but sheep, goats, and 
mules are less susceptible (7). Although C. ;pectabihts seeds 
have been reported as contaminants in shelled corn and 
possibly in soybeans (21), they reportedly can be easily 
removed by screening the ga ins  (7), C. retusa is toxic 
primarily to fowl and is considered less acute than C. 
spectabitus. Since cattle find C. retusa distasteful, they will 
not  eat it under ordinary circumstances (7). 

Coweoekle ( Saponaria vaccarm ) arid 
Corncockle [Agrostemma gfthago) 

Cowcockle is distributed ha the northwestern portions of  
the United States and Western Canada, The toxic principle 
~s the saponi~ githagen (7), (14). 

CH 3 CH 3 

~COOH 

p l O / ~ ~ J  CHa 

HOG CH 3 

Githaqenirt 

Cowcockle seeds are only of  academic interest because they 
are distasteful to animals, and no clear-cur cases of  poison- 
ing have been reported in North America. 

Corncoekle is widely distributed in North America and is 
commonly found where winter wheat is grown. The seeds 
contain 5 to 7% githagenin. Poisoning of  pcmltrv hogs, 
horses, and cattle has been reported (7) and, prior to the  
advent of  grain cleaning techniques, humans were poisoned 
from eating bread made from wheat contaminated with 
corncockle seed (22). 

Morning Glary (Ipomea spp.) 

Several morning glory subspecies have been reported as 
toxic. L fistulosa, a South American vine, has become 
established m waste soils of Coastal PlaJa, s States from 
Texas to South Carolina and Peninsular Fiofida. Although 
t. fi~tulosa has not  been reported to  be toxic in the United 
States, sheep, goats, and cattle have been poisoned in Brazit 
(7), The widely distributed common morning glory ~'. 
convo[vulus), however, contains purgative principles causing 
mild distress in hogs (7). Clavine and indole alkaloids have 
been identified ill a number of  morning glory varieties (23)+ 

Castor Seed(R iein u* comm unis ) 

The castor plant is distributed in the South Central 
States. Most authorities (7) cite the toxic principle as the 
phytotoxin,  riein, a glyeoprotein (mole wt 65,000). I-tow- 
ever, the Merck Index (14) also cites ricinine as a toxic 
principle o f  castor seeds and leaves. 

Ricin is reportedly one of  the most toxic plant sub- 
stances known. In animals, the minhnum lethal dose by 
injection is ca. 10-4 mg[kg, but  it is several hundred times 
less toxic by oral ingestion (7). 

The toxici ty of  castor seeds varies among livestock. 
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lforses are poisoned ca. 0.01% of theft  body  weight. Cattle, 
sheep, and hogs ~equire ca. 0.2%, while poul t ry require ca. 
1.4% of  their  weight,  Single oral lethal  doses for various 
classes of  livestock are given in Gamer ' s  Veterinary Toxi- 
cology (12). 

CHa 

t 
N 

CN 

OGH3 

Nicia]ne 

There are a few recorded cases of  human  deaths from 
eating castor bean seeds. According to Morton (10),  two to 
th ree  seeds are fatal ta children. However, according to the  
reports to the na t ional  clearing house for poison control  
centers,  o ther  have become kll after eat ing up to 12 seeds, 
bu~ did not  die. 

According to Kingsbury (7), toxic ca~ter bean press cake 
can be made nontoxic  simply by  heating, since the  phy to-  
toxin  ricin is heat  labile. Ricin is not  found in the  oil. 
Mor ton  (10) repor ts  tha t  castor seeds contain an allergen 
(presumably the  a forement ioned  ricine) tha t  causes bron- 
chial as thma and dermati t is  among castor  off factory 
workers. 

Pokeweed (Phytolacca americana) 

Pokeweed is dis tr ibuted in the eastern United States. 
Al though lhe toxic principle(s) has nol been identified,  
extracts  of the roo t  show sapenic characteristics (7). 
Dreisbaeh's Handbook of Poisoning lists glycoproteins as 
toxic principles (24). Animals are rarely poisoned, because 
the most toxic por t ions  are underground and the plant  is 
not  very palatable. Pigs may be poisoned by eating the  
roots. The entire plant  has produced toxic symptoms  in 
cows when included in corn silage, but berries ,nixed in 
silage produced no  tozqr symptoms.  Several h u m a n  deaths 
have been reported,  possibly as a result of eating the berries 
(7). 

Nightshade (Atropa belladonna) 

The presence of  nightshad~ as a con taminan t  in soybeans  
is d i f f icuk to explain,  because it is a cult ivated plant  and 
does not  normally occur  in the Mid. The toxic principles 
are atropine and scopolamine,  the  s tructules  of  which are 
shown below. 

CH3 . / / C H 3  

! L 
Coil5 CoHa 

Atropine ~oOo~am int., 

Incidence of poisoning from nightshade js very rare. Kings- 
bury  (7) states tha t  in the  United States, where the plant  is 
u n c o m m o n ,  poisoning of  livestock probably  never occurs, 

Jimsonweed (Datura stramonium) 

D. stramonium is known by a n u m b e r  of  c o m m o n  names 
including j imsonweed,  thornapple ,  apple of  Peru, tolgaacha,  

and James town weed .... the most  common.  The lat ter  stems 
fi-om the mass poisoning of  British troop~ sent to James- 
town to quell Bacon's rebellion in 1676 (7). The plant is 
widely distributed from Florida to Texas, nor th  into 
Canada, in the far western states, and in waste areas. 
J imsonweed is c o m m o n  to the  rich soils cf  barnyards,  
pastures, and hog lots (10). Like the  nightshade,  the toxic 
principles are the t ropane alksloids, atropine and scopo- 
lamine. 

In the  United States, horses, cattle, sheep, hogs, and 
mules have perished f rom consuming whole j imsonweed 
plants present in hay or silage. Chickens have been poisoned 
by eat ing the seeds. Livestock find the whole plant distaste- 
ful anti will not  eat it under  ordinary circumstances,  and 
accounts  of poisoning indicate  that arhmals were forced to 
eat it through a lack of more desirable forages. Since the 
plant is commonly  found in haylots  and barnyards,  it is 
frequently available under  condit ions wheie e ther  feeds are 
not, I towever,  because it is an annual, it can be readily 
control led by cutt ing it before it goes to seed (7). 

Compared to the previously discussed seeds, consider- 
ably more informat ion  is available on the h u m a n  toxicity of 
Datura. l 'his can be accounted for in part  by the fact that  
the 1)atura alkaloids are useful in medicine and have been 
investigated both. chemically and pharmacologically. The 
plant  is unusual in tha t  human  po{sonings are more com- 
monly reported than are animal poison~gs  (7). According 
"~o Mrtchell and Mitchell (25), 4 to 5 g of  Datura seed or 
leaf const i tutes  a lethal dose to chddren,  based on the 
toxicity of  pure atropine.  However, cases where the number  
of seeds consumed can be documented  indicate tha t  con- 
siderably less is required for development  of  toxic symp- 
toms and/or  death. Moral ly  (26), in reviewing j imsonweed 
poisoning in man, states tha t  a 2�89 year-old died after 
consuming 16 Datura seeds, and a 7-year-old child died 
withhl 13 hr after eating 22 seeds. 

Aikaloid Content of Jimsonweed (Datum stmmom'um) seeds 

The close chemical relationship between the Datum 
alkaloids, their  interconvertabl l i ty  during extract ion,  and 
their  presence within the plant m varying relative and 
absolute amounts,  have hindered development  of reliable 
analytical methods.  A study of the  distributiost of I ropane 
alkaloids in various species of Datura (27 )demons t ra t ed  
that  every part  of the plant  contains alkaloids, wi th  greater 
amounts  found in younger  plants. The alkaloid conten t  in 
plant parts in decreasing order order is: petiole, stem, 
vegetable tips, sprouts at the base of the  leaves, fruits, 
leaves, and roots, According to Kingsbnry (7), total  alkaloid 
con ten t  of  O. stramonium varies from 0.25 to 0.7%, where- 
as RadelefI (11) gives a value of 0.25% or more~ Neither 
author  cites the source of  his information.  

Because of their  impor tance  in forensic medicine, 
considerable analytical methodology has been developed to 
rairidly and routinely identify plant alkaloids. A detazLed 
discussion of these me thods  has been presented by Clarke 
(28). Prior to the advent of gas Liquid chromatography,  
these methods  consisted of paper  and thin layer chroma- 
tography, ultraviolet spee t rophotomet ry ,  and, color tests, 

A separation and analysis scheme for D. stram(~nium 
alkaloids has been described previously (6). Briefly, the 
method consists of pre t rca tment  of the  whole seed with 
base (NH~OH) and ext rac t ion  of both lipids and alkaloids 
with e thy l  ether.  The alkaloids are recovered by acid-base 
extract ions  and are converted to tr imethylsi lyI ethers 
(TMS) for GLC analysis. 

Al though atropine and scopolamine can be separated by 
GLC (29), preliminary studies showed that  quant i ta t ion  
and separation can be improved by (;LC as TMS ethers 
using ethyl  arachidate as an internal  s tandard as shown in 
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F~gure l. Ethyl araeh~date was chosen as an mzernal stand- 
ard because of  its similarity in re ten t ion  times to a t ropine  
and scopolamine and because its GLC response is very close 
to that  of ~he alkaloids. 

This separati_on/analysis scheme was applied to 11 
samples of j imsonweed seeds (isolated from soybeans - see 
s~rvey section) and gave the  results shown in Table lI. 
Atropine varied from 0.19 to 0.43%1 seopolamme from 
0,02 to 0.11%; while total  alkaloids varied from 0.22 to 
0.48%, Mean contents  for atropine,  scopolamine,  a~d total  
alkaloids were 0.29, 0.05, and 0.34%, respectively. These 
values for total  alkaloids are in the  range quoted by  Kings- 
bury (7) and Radeleff  (11). Also, values for the weight in 
grams for 1000 seeds are given in Table lI. The results show 
that  1000 j imsonweed seeds weigh an average of  7.6 g, 1 
j imsonweed seed weighs ca. 8 mg, or in short ,  125 seeds 
weigh 1 g, The lat ter  value is in excellent agreement  wi th  
tha t  quoted by Nieser (30). 

dtmso~weed Seed Survey ~n Soybeans. As cited in the  
In t roduct ion,  control  of j imsonweed was difficult during 
1973 and led to a nat ionwide survey conducted by the  U.S. 
Federal Grain Inspect ion Service. The material passing 
through 8/64, 9/64, or 10/64 by 3/4 in. slotted sieves was 
examined fo_r j imsonweed seed and identified by compari- 
son to au thent ic  j imsonweed seeds. The results of  this 
survey are summarized in Table IIL 

Of the total  of  274 samples broken down as t ruck and 
rail car, export ,  and other,  167 contained at least 1 j imson-  
weed seed, with all average of about  28 seeds per samplc, It 
is interesting to note  tha t  expor ted soybeans (which elicited 
complaints  from foreign importers)  actually conta ined on an 
average fewer j imsonweed seeds than domest ic  shipments ,  
yet the incidence of positive con tamina t ion  was about  the 
same (5t samples vs. 50 and 66). The seeds are very light 
materiais, On an average, 28.4 j imsonweed seeds weigh ca. 
215 mg and only amount  to about  0,022% by weight 
(0 .215/1000  x 100). Neiser (30), in discussing "Facts  of  
Interest on Grain Impuri t ies ,"  states: "As the ~mports of  
U.S. soybeans grew in tKe years 1948 to 1957, analysis of  a 
great many samples showed an average con ten t  of  0.02% 
and a maximum of 0.27% thornapple  seeds." Thus, the  
results of the 1973 survey are in good agreement with  these 
findings. 

Fate or Jimsonweed Alkaloids in Processing oy" Soy- 
beans. Jimsonweed seeds are small compared to soybeans 
and are easily separated by mechanical  screening at the 
elevator. Fur thermore ,  first-hand observations at domestic 
oil mills indicate tha t  j imsonweed con tamina t ion  is ex- 
t remely unlikely because of the rigorous screening of  dirt  
and small stones required to avoid damage to cracking and 
flaking rolls. Yet the quest ion remained:  " I f  j imsonweed 
should get into  soybeans headed for the cracking rolls, what  
happens  to the alkaloids - do they stay with the  meal  or 
are they carried along wi th  the  crude off; if  they end up in 
t h e  off, are the  removed by caustic ref ining?" To answer 

t h e s e  questions,  we conduc ted  some prel iminary studies 
(6). Whole j imsonweed seed (10 g [0.31% atropine,  0.11% 
scopolamine] ,  sample 8, Table II)  was ground finely in a 
Wiley mill and mixed with an equal por t ion o f  flaked 
soybeans. After  ext ract ion wi th  petroleum ether  in a 
Soxhlet,  the crude oil and meal  were separated in to  frac- 
t ions weighing 4,68 and 14.43 g, respectively, Upon extrac- 
tion, 10 g of  j imsonweed seeds theoret ical ly  would yield 42  
mg of  total  alkaloids (31 mg a t rop ine ;  11 mg scopolamine) 
for dis t r ibut ion within the crude oil and meal fractions. 
However, analysis of  the  crude meal  showed tha~ 37.4 rag 
of  alkaloids (28.2 mg atropine,  9.2 mg scopolamine)  was 
retained in the  meal. It is es t imated tha t  the  error  associ- 
ated with the alkaloid analysis amounts  to  +2 rag. Thus, t h e  
recovery of alkaloids amounted  to ca. 90%. The crude o i l  
conta ined only 0.04 mg of a t ropine and a trace of  scopol- 

Solvent 

4' • ~." 5% Apiezon L 
Teirlper~lure Protrammsd 

100-200~ 5~ 

Atropine 

Tropic Acid 

Eth# Arachidate 

Time 

FIG. 1. GLC s~paration of atropine and scopotamine as tfi- 
methylsilyl (TMS) ethers. 

amine. 
To study the effect  of  fur ther  processing on removal  of  

"alkaloids from crude oil, a commercial ly extracted crude 
soybean oil was spiked with atropirte (3 rag), refined with 
14.4 Be lye 0.5% excess, washed w~th water,  and dined. 
Analysis showed tha t  only 0.2 mg of  atropine remained in 
the  refined ~il. Thus, over 93% of the  added atropine was 
removed by caustic refining. Lack of a reliable sample of  
scopolamine prevented similar studies with this alkaloid, 
bu t  there  is n o  reason to believe it would not  behave in a 
like fashion. The fact tha t  atropine is readily removed by 
caustic refining is no t  surprising, because atropine and 
scopolamine are k n o w n  to readily undergo hydrolysis in the  
presence of a base (31,32).  Apparent ly ,  the hydrolysis 
products  tropic acid and t rop ine  (32) are more soluble in 
water than  in oil and are thus  removed during caustic 
refining and washing. No a t tempts  were made to analyze 
for trol~ine, However, the  lack of toxici ty data on it would 
indicate  that  2t may be relatively nontoxic .  From prelimin- 
ary studies, i t  may be concluded tha t  ( 1 ) t h e  j imsonweed 
alkaloids will be retained in the meal fraction during 
processing, (b) alkali rot'ruing will remove virtually all t h e  
alkaloids, and (c) any toxic i ty  problems with j imsonweed-  

TABLE I] 

Analytical Data of Jimgonweed Seeds 

Percent alkaloids 

Sample W*/IO00 seeds, ga Atropine Scopolamine Total 

I 8.0 0,25 0.08 0.33 
2 6,fi 0,29 0,0~ 0.,31 
3 9.0 0.38 0.06 0.41 
4 8.6 0,20 .0,02 0.22 
S 6.7 0.43 0.05 0.48 
& 6.5 0.19 0.05 0.24 
7 6.3 0,27 0.06 0.33 
g 8.2 O.3L 0,11 0,42 
9 9.0 0 3t 0.05 0.36 

tO 7.1 0.24 0.02 0.26 
11 7.___66 0.37 0.03 0.4____0 

Moan 7,6 0,29 0,05 0.34 

aOne saod weighs ca. 8 ms, or 128 ~eedz weigh I g. 
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TABLE 111 

1973 Na, ionwide g~rvey of Jimsonweed Seed in Soybean Crop 

Sample~ with Avg, no, jimsonweed 
Metl~od of movement No, of samples a jimsonweed seeds #0edz per sample b 

Truck and rait ear 100 $0 30.3 
Exports 77 $1 22,6 
Other 97 66 30.6 

Total 274 Total 167 Avg, 2B.4 

a1000-g samples. 
b28.4 Jimsonweed seeds weigh ca. 0.215 g. 

c o n t a m i n a t e d  s o y b e a n s  wi l l  be e n c o u n t e r e d  in the  meal .  
Obv ious ly ,  m u c h  w o r k  r e m a i n s  to  be d o n e  on  the  fate of  

l inasonwecd  a l k a l o i d s  in s o y b e a n  process ing,  Fo r  e x a m p l e ,  
m o d e m  ~o~bean p r o c e s s i n g  en ta i l s  t oa s t i ng  o f  t he  d e f a t t e d  
f lakes  as a k e y  s tep  in p r o d u c i n g  h igh -qua l i t y  p r o t e i n  
p r o d u c t s  inZended for  a n i m a l  and  h u m a n  food.  F u t u r e  
s tudie~ s h o u l d  be d i r e c t e d  t o w a r d  a sce r t a in ing  the  ef fec ts  of  
the  t o a s t i n g  process  on the  t o x i c i t y  of  j i m s o n w e e d  seed 
a lka lo ids .  O the r  areas for  s t u d y  inc lude :  (a)  d e t e r m i n e  fate  
and  t o x i c i t y  of  h y d r o l y s i s  p r o d u c t s  f rom a t r o p i n e  and 
s c o p o l a m i n e ,  and (b)  i nves t iga t e  t he  fate c f  atropine and  
s c o p o l a m i n e  N-oxides  in soy  process ing .  These c o m p o u u d s  
have  r e c e n t l y  been i s o l a t e d  f rom D a t u r a  seed (3 3), 
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