
1071 

FAT SPLITTING WITH C. rugosa LIPASE 

The  ef fec ts  o f  such addi t ives  on  e n z y m a t i c  hydro lys i s  
were e x a m i n e d  as s h o w n  in Table  IV. A l t h o u g h  sod ium ion 
has no  effect ,  ca lc ium ion appears  to act  as an inh ib i to r .  
T h e  add i t i on  of  .003% a l bum i n  gives essent ial ly  no  im- 
p r o v e m e n t  a f te r  8 h r  and  16 hr, as does  the  add i t ion  of  
0 .01% of  a non ion i c  e the r  a lcoho l - type  of  s u r f a c t a n t  
(Neodo l  91-6). However ,  as t he  c o n c e n t r a t i o n  of  t he  l a t t e r  
is increased to 0.1%, s t rong inh ib i t i on  is ev iden t  dur ing  the  
f irst  8 hr  of  r eac t ion  t ime.  U n d e r s t a n d i n g  the  m e c h a n i s m s  
t h a t  causes t he  r eac t ion  ra te  to  increase  d ramat ica l ly  a f te r  
8 hr  is diff icult ,  

TABLE IV 

Effect of Various Additives on Olive-Oil Hydrolysis  a 

Percentage of hydrolysis after 

Additive 1 hr 2 hr 4 hr 8 hr 16 hr 

None 15.4 24.8 39.1 54.7 72.3 
.1 M NaC1 14.5 23.8 45.1 60.5 74.0 
.1 M CaC12 5.0 18,0 31.9 45.1 58.0 
.O03% Albumin 17.8 25.3 41.0 58.1 79.7 
.01% Neodol 12.6 16.2 43.5 65.3 81.1 
.1% Neodol 0.5 6.7 7.1 20.5 72.6 

apH 5.4, .I M phosphate buffer, 26 C, enzyme concentration = 
6 U/meq. 
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ABSTRACT 

The fate of aflatoxin during ammoniation of contaminated cotton- 
seed meal was studied under conditions approximating those ap- 
proved for commercial ammoniation of nonaflatoxin-contaminated 
meal. Uniformly ring-labeled 14 C-aflatoxin B 1 was added to 27.7 kg 
meal (14% moisture) that contained ca. 4000 pg naturally incurred 
aflatoxin B 1/kg. Distribution of the radiotabeled compound was 
used to trace the modification of aflatoxin B1 after treatment with 
4% ammonia at 40 psi, 100 C for 30 rain. This treatment reduced 
the chemically detected aflatoxin B 1 to less than 4 pg/kg. In control 
nonlm~moniated meals, 90% of the radiolabeled material was ac- 
counted for in the methylene chloride extract. Duplicate 2-kg 
samples of the ammoniated meal were fractionated and the distribu- 
tion of radioactivity was determined. Ca. 86% of the radioactivity 
was detected in the meal after initial air-drying. Ca. 25% of the added 
radioactivity was extracted from the air-dried meal with methylene 
chloride and another ca. 5% was extracted from this residue with 
methanol. Weak acid released 3% of the added radioactivity from 
the residue after methanol extraction, bicarbonate released 1% and 
Pronase digestion, including methylene chloride extraction of the 
residue, accounted for nearly 199/o of the "total added radioactivity. 
Only 37% of the added radioactivity remained in the meal matrix 
following solvent extractions and chemical and enzymic treannents. 

INTRODUCTION 

In 1969,  based on  the  F o o d  and  Drug A d m i n i s t r a t i o n ' s  
ana ly t ica l  capab i l i ty  at  t he  t ime  and  wi th  l i t t le  knowledge  
o f  the  risk f r o m  a r ia tox in  ingest ion,  an ac t ion  level of  20  
par t s  pe r  bi l l ion (ppb)  to ta l  a f l a tox ins  (BI ,  B2, G1 and  G2)  
was es tabl i shed.  This  ac t ion  level remains  in e f fec t  t oday  
and  applies to c o m m o d i t i e s  ( raw or p rocessed)  t h a t  are 
suscept ib le  to  c o n t a m i n a t i o n ,  inc luding  feeds.  A level of  
300  p p b  is a l lowed in whole  c o t t o n s e e d  t h a t  will be used 
on ly  fo r  beef,  swine and  p o u l t r y  rat ions.  

T r e a t m e n t  wi th  a m m o n i a  gas u n d e r  pressure  is an ef- 
fect ive p rocedu re  for  chemica l  inac t iva t ion  o f  a f l a tox ins  in 
c o t t o n s e e d  mea l  (1). Whole  c o t t o n s e e d  has  been  d e c o n t a -  
m i n a t e d  at  a m b i e n t  t e m p e r a t u r e s  (2). Pressure inac t iva t ion  
reduced  the  a f l a tox in  c o n t e n t  to  less t h a n  1 t ig/kg b u t  d id  
n o t  a c c o u n t  for  p r o d u c t s  f o r m e d  f r o m  the  t ox in  by  the  am- 
m o n i a t i o n  t r e a t m e n t .  Lee et  al. (3) and  Cucul lu  et  al. (4) 
s tud ied  the  p r o d u c t s  f o r m e d  in a mode l  reac t ion  of  aria- 
t ox in  B1 and  a m m o n i u m  h y d r o x i d e  wi th  hea t  and  pressure.  
T h e y  ident i f ied  t race  a m o u n t s  (<0 .1%)  of  one of  the  m a j o r  
p r o d u c t s  o f  this mode l  reac t ion  in a m m o n i a t e d  p e a n u t  
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meal (5). Later Lee et al. (6) ammoniated peanut meal 
spiked with radiolabeled BI in a small laboratory am- 
moniator.  Similar chemical detoxification experiments were 
conducted by Park et al. (7) on peanut meal. Beckwith et 
al. (8) used radiolabeled B1 to trace binding of aflatoxin to 
corn during ammoniation at room temperature. 

The present study was undertaken to determine the 
distribution of ammoniation-related aflatoxin reaction 
products based on radioactivit T concentrations of 14C- 
aflatoxin BI added to cottonseed meal containing a high 
level of naturally incurred toxin. The meal was ammoniated 
in pi lot  plant equipment  and 14 C-activity was measured to 
moni tor  fractionation. 

METHODS AND MATERIALS 

Sample Preparation 

Fuzzy cottonseed, potential ly high in aflatoxins B1 and B 2, 
was obtained from Arizona. This seed was decorticated on a 
huller-shaker (Carver Gin Co., East Bridgewater, MA), and 
the hulls, fines and meats were separated. Fines and meats 
were extracted separately with hexane and assayed by the 
official AOAC Pons method (9,10). Because Lee et al. (11) 
reported that  the fines were more highly contaminated than 
the whole meats, the high toxin level defat ted fines were 
mixed by blending with the lower toxin level defat ted 
meats. Three 50 g samples of this meal were assayed by the 
Pens method.  Uniformly a4C-ring-labeled aflatoxin B1 (sp, 
act. 50 mCi/mmol,  Moravek Biochemicals, Inc., Brea, CA) 
was used to spike the meal. Radiolabeted toxin was received 
in a methanol solution. The methanol was evaporated and 
the residue was redissolved in chloroform (50/aCt/10 mL); 
5.5 mL of this chloroform solution was distributed on 100 
g meal with naturally incurred toxin,  and the meal was air- 
dried in the dark. The 100 g spiked meal was mixed in a 
Vortex laboratory mixer with 900 g unspiked meal. The 1 
kg spiked meal was mixed with 26.73 kg meal in a pilot  plant 
stainless-steel Vortex mixer for 5 hr, yielding 27.73 kg meal 
with radiotabeled aflatoxin B1 at a calculated level of 1 
/aCi/kg. Radioactivi W concentration and distribution purity 
of the mixture were confirmed using 2 systems, a Searle 
Isocap/300 liquid scintillation system and a Packard sample 
oxidizer, with subsequent count and disintegrations per 
minute (dpm) computed using a Searle Mark III 6880 liquid 
scintillation spectrometer. Ca. 5 kg spiked meal was re- 
served as a nonammoniated control and 15.8 kg was am- 
moniated in pi lot  plant  equipment previously described by 
Gardner et  al. (1). The meat was treated with 4% ammonia 
for 30 min at 100 C and 40 psi. After  the ammoniated meal 
was air-dried, 3, 50 g samples were removed for aflatoxin 
assay (9). Addit ional  port ions of  the meal were sequentially 
subjected to extraction with organic solvents, t reatment 
with acid and base and enzymic digestion. Radioactivity 
was measured to moni tor  this fractionation. 

Fractionation of Ammoniated Meal by Solvent Extraction 

Two 1 kg samples of ammoniated meal were each extracted 
first with petroleum ether, and then with methylene chloride 
followed by methanol.  Before each successive solvent was 
used, the samples were air-dried and then dried at 87 C in 
a forced-draft oven for 2 hr to remove the previous solvent. 
The dried residues were weighed before each addition of 
solvent. Weights were taken without  a moisture determina- 
tion. Water was added, 50 mL/100 g meal, to the air-dried, 
petroleum ether-extracted meal before the first methylene 
chloride extraction. The meal was equilibrated ca. 15 rain 
before methylene chloride was added. No water was added 
before methanol extraction. The meal was extracted by 
soaking in cold solvent followed by hot  extraction in a side- 

arm Soxhlet  apparatus. The solvent-to-meal ratio was ca. 
10:1 for each solvent used. Extractions were exhaustive, 
i.e., until negligible solids were detected as each solvent was 
evaporated under reduced pressure. 

Enzymic Digestion 

A portion of the ammoniated meal after methanol extrac- 
t ion was treated with Pronase following the procedure of 
Park et al. (7). One hundred mg Pronase (45,000 PUK/g, 
Calbiochem-Behring Corp., La Jolla, CA) was suspended in 
250 mL Tris buffer, 0.1 M, pH 7. After 2 hr at 37 C, the 
enzymic mixture was added to 100 g meat in a water (250 
mL) slurry adjusted to pH 7. The mixture was then in- 
cubated at 37 C for 24 hr. After digestion, the solubles 
were removed from the residue by suction-filtration and 
parti t ioned with methylene chloride, yielding an aqueous 
and an organic fraction. The aqueous fraction was freeze- 
dried and the solvent removed from the organic port ion 
under reduced pressure with the water-bath temperature 
less than 50 C. The residue from the digestion was air-and 
oven-dried (82 C) before extraction with methylene chloride. 
The methylene chloride extract  was concentrated under 
reduced pressure and transferred to a tared vial, and the 
solvent was removed under a stream of nitrogen. 

Acid and Base Treatment 
Another portion of the ammoniated meal was treated with 
weak acid after methanol extraction. Fif ty g was refluxed 
at ca. 100 C with 200 mL 0.1 N acetic acid for 2 hr. The 
mixture was centrifuged and the supernatant decanted and 
lyophilized. Methanol was added (100 mL) to the lyo- 
philized acid extract,  and after stirring, the mixture was 
separated by filtration into a solid residue and a methanol- 
soluble portion. The latter was concentrated under reduced 
pressure, followed by evaporation of the residual methanol  
at ca. 50 C under a stream of nitrogen. Solid residue from 
the acid treatment was extracted with 10% ammonium 
bicarbonate.  The alkali-soluble port ion was separated from 
the residue by  fil tration; volatile (NH4)HCO3 was removed 
under reduced pressure. All extracts were dried in a 40 C 
vacuum oven to remove any residual solvent. All extracts 
and residues were weighed. Weights are approximate be- 
cause some of the material was hygroscopic. 

Methylene Chloride Extraction 
The methylene chloride extract  from 1 kg petroleum ether- 
extracted ammoniated meal was concentrated under re- 
duced pressure and transferred to a 250-mL volumetric 
flask. One hundred mL was stripped onto precoated pre- 
parative thin layer chromatographic (TLC) plates (silica gel 
60 without  fluorescent indicator, 2 mm thick) at a load 
rate of ca. 2 mL/plate.  Plates were developed in chloro- 
form/acetone (9:1) and viewed under ultraviolet (UV) light. 
Eight zones, marked by their appearance under UV light, 
were scraped from the plates and collected on fri t ted disc 
filters. Material from each zone was extracted first with 
methylene chloride, then with acetone, followed by me- 
thanol. Material from each of the middle 6 zones was 
rechromatographed 3 times to try to achieve separation 
into distinct zones. Solvent was removed from the eluants 
from each of the 8 zones under reduced pressure; the 
eluants were divided into 2 portions in tared vials. Solvent 
was removed under a stream of nitrogen followed by 
evaporation at room temperature in a vacuum oven. 

Methanol Extraction 
The methanol  extract  was concentrated to 500 mL under 
reduced pressure. A 50-mL aliquot was added to a separa- 
tory funnel and 100 mL acetone/water (30:70) and 50 mL 
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methylene chloride were added. After vigorous shaking and 
equilibration, the organic and aqueous phases were se- 
parated. Acetone was added to the aqueous phase, causing a 
precipitate, which was separated from the acetone-soluble 
portion by filtration. The initial organic layer was concen- 
trated under reduced pressure to ca. 20 mL and poured into 
ca. 100 mL hexane. Again the precipitate was separated by 
filtration. Precipitates from the acetone and hexane addi- 
tions were dried by lyophiIization and the solvents were 
removed from the soluble portions first under reduced 
pressure and then under a stream of nitrogen. The precipi- 
tates (both acetone and hexane) and the corresponding 
soluble fractions were weighed. 

Radioactivity Analyses 

14C_Radioactivity concentrations of  the ariatoxin-con- 
taminated meal before and after ammoniation and after 
each extract ion step, as well as for each extract  obtained 
throughout  the separation scheme, were determined using a 
Packard sample oxidizer with subsequent count and dpm 
computed using a Searle Mark III 6880 liquid scintillation 
spectrometer.  Permariuor V (Packard) scintillation fluid 
was used for all oxidized samples. Radioactivity was counted 
in the meal during sample preparation and selected frac- 
tions after ozonization using a Searle Isocap/300 liquid 
scintillation system with suspensions of the meal in Kodak 
Scintillation Fluid I. 

RESULTS AND DISCUSSION 

Assays on 3, 50 g aliquots of the nonammoniated control  
meal (4456 /ag B1/kg and 789 pg B2/kg; 4261 /~g B1/kg 
and 706 #g B2/kg and 4160 #g B1/kg and 638/~g B2/kg) 
showed uniform distribution of the toxin in the meal 
preparation. Uniform mixing of the radioactivity was 
evidenced by counts of 2148, 2205 and 2364 dpm in 3, 1 g 
aliquots of  the control  port ion of the meal. The concentra- 
tion of aflatoxin in the arnmoniated meal was 4/ag B1/kg 
and a trace of B2, showing a reduction of extractable aria- 
toxin of  greater than 99.9%. However, even with the cleanup 
procedure used, the aliquots spotted on TLC plates showed 
streaking that was not  evident with the analyses of the meal 
before ammoniation.  No clear B 1 spot was detected,  but  a 
fluorescent zone at the Rf of Bl was judged to be B1. This 
was confirmed by the formation of the trifluoroacetic acid 
derivative of Bt (5). Results of the rechromatography 
zones, done to ensure that  all of the unchanged B1 would 
be contained in one zone, pointed toward less residual 
toxin than the chemical assay indicated. Unchanged B1 that  
was in the zone that  appeared blue under UV light (Table I, 
Rf 0.5-0.675) represented only 3.1% of the total  dpm of  
the fraction. This zone from a 1 kg sample contained ca. 
30 /~g aflatoxin-related decontamination by-products,  of 
which 26/ag was not  aflatoxin. A total  of 53 mg of material 
was isolated from this fraction. 

The procedures used for separating the decontamination 
by-products  are presented in Figure 1. Distribution of the 

TABLE I 

Radioactivity Distribution in the Methylene 
Chloride-Soluble Fraction Separated by Preparative TLC 

Radioactivity Weight a* C-Activity/weight 
Rf of zone Color under UV concentration(%)a (%)0 ratio c 

0.925-1.00 Red 1.7 59.0 0.03 
0.800-0.925 Green 0.4 7.0 0.06 
0.675-0.800 Purple 8.7 4.0 2.2 
0.5-0.675 d Blue 3.1 0.8 3.9 
0.375-0.5 Yellow 7.8 3.3 2.4 
0.25-0.375 Tan 11.4 3.4 3.4 
0.125-0.25 Brown 26.6 12.9 2.1 
0.00-0.125 Dk. brown 40.4 9.4 4.3 

apercentage of radioactivity of the total 14C-activity recovered from the preparative TLC 
~late. 

Percentage of weight of the total amount recovered from the preparative TLC plate. 
cCalculated by dividing the percent radioactivity by percentage of weight. 
dContained aflatoxin B 1 . 

- -  Soluble - - P f e D a r a t i v e  
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Meat Pet Soluble 

Upper  
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FIG, 1. Separation of aflatoxin-related decontamination by-products in cottonseed meal 
following -mmoniation. 
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radioact ivi ty  in the meal residues after f ract ionat ion is 
presented in Table II. Ca. 86% of  the radioact ivi ty  added to 
the co t tonseed  meat was de tec ted  in the meal after the 
initial air drying. A negligible a m o u n t  of  radioact ivi ty  was 
ext rac ted  f rom the air-dried meal  by ethyl  ether.  Af te r  
ex t rac t ion  with methy lene  chloride and methanol ,  and 
t r ea tment  with acid and base, 45.1% of  the total  radioacti- 
vi ty remained in the residue. Af te r  Pronase digestion, only 
37.5% of the added radioact ivi ty remained in the meal 
matr ix.  In control  nonammonia t ed  meals, 90% of  the 
radiolabeled material  was accounted  for  in the methy lene  
chlor ide extract .  

Dis t r ibut ion of  radioact ivi ty  after me thy lene  chloride 
ex t rac t ion ,  me thano l  ext rac t ion  and acid or  base t rea tment ,  
as well as Pronase digestion, is given in Table  III. Nearly one- 
four th  of  the labeled c o m p o u n d  (23.3% of  to ta l  radioacti-  
vity) was ext rac ted  with nonpolar  me thy lene  chloride and 
4.7% with more polar  methanol .  Acid and base t r ea tmen t  
accounted  for  4.1% of  the total  radioactivity.  The  activi ty-  
to-weight  ratio of  the acid- and base-treated meal residues 
was low, indicating a lack of  concent ra t ion  of  radiolabeled 
material .  This ratio was higher for  the me thy lene  chloride 
and me thano l  extracts  (5.1 and 1.5, respectively).  Af te r  
Pronase digestion, a high act ivi ty- to-weight  ratio of 5 was 
observed for  the methy lene  chloride ext rac t ;  however ,  the 
highest ratio, 20, was for the methy lene  chor ide  ext rac t  of  
the  residue after  Pronase digestion. Because the radioacti-  
v i ty- to-weight  ratio is a measure of  relative concent ra t ion  
o f  the  atfatoxin decontamina t ion  by-products ,  and af latoxin 

B1 was the only radiolabeled material  added in these ex- 
per iments ,  the ratio o f  20 for this f ract ion indicates a high 
concent ra t ion  o f  af la toxin decontamina t ion  products  in 
a small por t ion  o f  the total  sample (0.16% of  the total  
weight).  
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TABLE II 

Radioactivity Distribution in Meal Residues Following Fractionation Procedure Outlined in Figure 1 

Total Radioactivity 
Weight Specif:.c activity radioactivity (dpm) concentration Weight 

Sample (g) (dora/g) (× 10,000) (%) (%) 
~* C-Activity/weight 

ratio a 

Meal 1000 2240 224 100 100 1 
Ammoniated meal 1000 1930 193 86.2 100 0.86 
Residue-CH2 C12 extraction 808 1710 138 61.8 80.8 0.76 
Residue-MeOH extraction 765 1870 143 63.7 76.5 0.83 
Residue-HOAc and 

(NH 4 )HCO~ extraction 524 2180 101 45.1 52.4 0.86 
Residue-Pronase digestion 328 2560 84 37.5 32.8 1.1 

acalculated by dividing percentage of radioactivity by percentage of weight. 

TABLE III 

Radioactivity Distribution in Meal Extracts Following Fractionation Procedure Oudined in Figure 1 

Total 
Radioactivity radioactivity Radioactivity 

Weight concentration (dpm) concentration Weight 1, C-Activity/weight 
Extract (g) (dpm) (× 1,O00) (%) (%) ratio a 

Aflatoxin B 
equivalent 
(ng/g) b 

Methylene chloride 45.8 11400 522 23.3 4.6 5.1 
Methanol 29.6 3600 106 4.7 3.0 1.5 
Acetic acid-ppt. 53.5 670 36 1.6 5.3 0.3 

-sol. 61.2 570 35 1.6 6.1 0.26 
Ammonium bicarbonate 26 790 21 0.9 2.6 0.35 
Enzymic digestion water 436 950 414 18.5 43.6 0.42 

-CH 2 C12 0.6 9880 6 0.3 0.06 5 
Methylene chloride extract 

of Pronase residue 0.076 47000 3.6 O. 16 0.008 20 

Total 

932 
189 
64 
62 
37 

739 
11 

6 
2040 

aCalculated by dividing percentage of radioactivity by percent weight. 
bOriginal aflatoxin B 1 concentration ca. 4000 rig/g; calculations based on specific activity of aflatoxin B 1 , 560 dpm/#g. 
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