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SUMMARY

A. Reduction of aflatoxins during preparation of tortillas.

Corn of the Nutricta variety was inoculated with Aspergillus
parasiticus NRRL 2999 and aflatoxin production at 35°C was deter-
mined as a function of timc. Tortillas were then prepared with
the contaminated corn using the alkaline cooking process called
“nixtamalizacién". Aflatoxin reduction was studied as a function
of initial level of the toxin, cooking temperature and amount of
calcium hydroxide added to the corn. Starting with initial toxin
levels between 0.9 and 1.6 mg Kg~1 and using the amount of calcium
hydroxide required to produce an accep.able tortilla, none of the
treatments was capable of reaching the allowable threshold values
of 20 ug Kg-1, although a considerable decrease in the toxin did
occur reaching a 89% reduction of original values. During alkaline
cooking, aflatoxins G, and G, were more suscestinle to degradation

than B1 and Bz, B1 be}ng morg resistant than 52.

B. Enrichment of tortillas with yeast protein concentrate.

In order to improve the nutritional value of the corn torti-
11as, a method for enriching them with yeast protein from a local
distillery was developed. The procedure for obtaining a protein
concentrate with Tow nucleic acid content was established for
distiller's yeast cream (Saccharomyces cerevisiae) from an ethanol
production plant. During the process, the nucleic acid content
was reduced 91% and protein content increased 55%. Different
levels of protein concentrate were added to the Nutricta corn dough
and tortillas were prepared and submitted to a taste panel for
sensorial evaluation. Results obtained for the different doughs
showed that the maximum level of protein concentrate that could be
added to the dough without negatively affecting organoleptic proper-
ties of the tortillas was 189 (D). There was an improvement in the
nutritive value of the tortillas with protein suplementation; the
protein level increased 59.6% compared with the contro] tortilla.
The supplement provided a significantincrease in lysine, the amino
acid in which corn is deficient. The supplemented tortillas had a
Tow nucleic acid content which is important.

/Z//



IT. BACKGROUND

This research project was carried out in Guatemala by the Applied
Research Division of the Central American Institute for Research in
Industry (ICAITI) under Grant No. 936-5542-3N-06 from the Program in
Science and Technology Cooperation of the Agency for International De-
velopment.

Since tortillas prepared from corn through an alkaline cooking
process are a major staple food for the indigenous and ladiino popula-
tion of the region, we proposed to study twr areas related to this
important food. First we proposed studying the fate of aflatoxin, a
potent mycotoxin found commonly in corn,during the alkaline cooking
process, and second we proposed to investigate supplementation of the
tortillas with Tocally available yeast protein in ordcr to improve the
nutritional quality and amino acid pattern of the tortillas.

The general objectives were:

a. To verify that during the alkaline cooking method developed
by the indian population to prepare corn tortillas destruc-
tion of aflatoxin occurrs.

b. To improve the nutritive value of corn by adding yeast
biomass prior to or during the industrial process for pre-
paring instant corn flour.

The specific objectives were:

a. To quantify the degradation of aflatoxins in the éontam-
inated corn during the "nixtamalizacién" process, and

b. To measure the reduction in nucleic acids in the yeast-corn
mixtures during the industrial process to prepare instant
corn flour.

Hypothesed to be tested were:

a. The use of lime under conditions of high temperature and
humidity reduces aflatoxins to low or undetectable levels.

b. The alkaline cooking process is able to reduce the nucleic
acid content of the distiller's yeast when this is added to
the corn in the "nixtamalizacién" process.

A



The parameters considered in the investigation are:

a. Reduction of aflatoxin
a.1 Level of lime used.
9.2 Cooking conditions: time-temperature ratio.
a.3 Initial toxin levels.
b. Yeast protein supplemented tortillas
b.1 Preparation of yeast protein concentrate
b.1.1 Cell rupture technique
b.1.2 Protein precipitation technique

b.1.3 Nucleic acid inactivation technique

b.2 Point of addition of protein concentrate to the
corn or tortilla dough.

b.3 Level of protein supplement to add without affect-
ing consumer acceptance.

The present report covers thirty-six months of project activities.



ITI. ACTIVITIES

Through activities at the Taboratory level, we were able to establish

the average amount of Time used in home practice to make tortillas. Aflatoxin
was produced in corn to contaminate the tortillas. Different cooking methods
either long term boiling or a shorter pericd at 121°C were used to study
degradation ot the toxin. Toxin levels at each step of the preparation of the
tortilla as well as in the wash waters were determined. The average amount of
lime used in home practice (1.87% W/V) and the open kettle cooking procedure
at 95°C greatly reduced aflatoxins, however, the amount remaining was higher
than the level recommended for a product destined for human consumption.

For the enrichment studies, the yeast cream from the local distillery was
studied. It was found that the yeast cells had to be treated previously in
order to reduce the nucleic acid to acceptable levels, and therefore consider-
able effort was dedicated to yeast cell rupture and protein concentration.
Combining the effects of the yeast pretreatment and the tortilla preparation,
the nucleic acid content of the yeast was reduced 91%, protein concentration
was increased and the undesirable yeast cell wall material was removed.

This project provided an opportunity for training young scientists in
specialized chemical analysis and microhiological techniques.

The activities, results and conclusions obtained during the research
period are presented in more detail in the form of three papers that have
been submitted for publication. Copies of the manuscripts are enclosed.

IV.  CONCLUSIONS

1.- Reduction of aflatoxin during "nixtamalizacién" process.

1.1 Acceptable tortillas with gond color, texture and taste were
obtained when levels of lime used in the cooking (nixtamaliza-
cién) process did not exceed 1.87¢ w/v (3.0% DW).

1.2 When higher amounts (2-10%) of 1lime were used, the dough and
the tortillas were of a yellow color which increased as the
amount of Time used increased. The flavor was also strongly
affected by the high lime concentrations and was considered
to be objectionable by the taste panel.

1.3 When the dough was preparcd with corn naturally contaminated
with aflatoxin, the following pattern of toxin reduction was
found:
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1.3.1 There was a decrease in the aflatoxin levels in the
dough and the tortillas at all contamination levels
tested. ‘

1.3.2 The decrease in aflatoxin was more pronounced during
the preparation of the dough than during the final
cooking process when the tortillas themselves were
prepared.

1.3.3 There was no significant difference in aflatoxin
reduction between the two cooking methods studied in
the project: boiling in an open kettle and cooking
under pressure in an autoclave.

1.3.4 There was no significant difference in aflatoxin
reduction between the two levels of 1ime used for
dough preparation: that found to be the optimum and
Tov 2r Tevels commonly used in local homes.

1.3.5 A decrease in aflatoxin was found with all the cook-
ing conditions studied. However, none was able to
reduce the toxin to levels permitted for human con-
sumption (20 1g Kg-1)

1.3.6 Arlatoxins G, and G., were more susceptible to de-
gradation by the a]Ea]ine cooking process than aflatoxins
B, and B,. Aflatoxin B1 was more resistant than
a}]atoxiﬁ 52.

1.3.7 The amount of 1ime normally used in Guatemala in both
rural and urban areas is not enough to reduce aflatoxin
Tevels to those permitted for a product destined for
human consumption.

Reduction of nucleic acids in yeast corn mixtures.

2.1 The maximum amount of dry yeast which could be added to the
dough and not cause rejoction by the taste panel was found to
be 3% which represents an increase of only 5% in the protein
content of the tortillas.

2.2 The poini for adding dry yeast to the process was determined
to be the grinding step.

2.3 Because of the Timitations imposed by 2.1 and 2.2, it could be
seen that further treatment of the yeast was necessary in order
to permit higher supplementation levels.

2.4 A yeast cell wall rupture procedure was established. This was
necessary to facilitate extraction of the intracellular protein.



2.5

2.6

2.7

2.8

2.9

A protein concentratior procedure was optimized.

2.5.1 During this process, protein concentration was increased
by 55% and nucleic acid content was reduced by 91%.

2.5.2 Yeast cell wall removal improved tortilla color and
digestibility by avoiding darkening of the protein
concentrate.

The maximum amount of protein concentrate that could be added to
the dough without alteration of organnleptic properties was 18%
(DW).

The protein content of the tortillas prepared with 18% yeast
protein concentrate showed an increase of 60% in the protein
Tevel when compared to the control tortilla. Lysine, the amino
acid in which corn is deficient, was increased significantly
with the addition of the yeast protein concentrate. Nucleic
acid levels were held to only 0.06 ¢ 100g-1.

The chemical PER was 2.05, an improvement over normal corn
values,

The nutritive value of tortiilas supplemented with protein
concentrate obtained from dried distiller's yeast increased
and the tortillas can be used for human consumption,
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PROJECT: DESTRUCTION OF AFLATOXINS IN CORN AND NUCLEIC ACIDS
ICAITI 82/4.6.1800 AID 936-5542-G-3066-00
PERIOD: LIFE OF PROJECT
EXPENSE REPORT IN C.A. PESOS (1 $CA=1)

ACCUMULATED AVAILABLE
BUDGET TO DATE BALANCE

STAFF
Salaries 68 848.00 69 721.33 ( 873.33)
TRAVEL & PERDIEM 1 700.00 1824.14 ( 124.14)
MATERIALS & SUPPLIES
Reagents & Mat. 8 700.00 7 526.69 1173.31
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imstant tortilla flour.
Studies have revealed thal a higher percentage of the harvested carn

in Buztemala during the warly harvost from May to bNovembsr shows

1]

considorable contamination by several funqgi. fmong those, spocies of
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The seuperiments described in this paper were designed in order to
establish the effect that the ”nixtamali:ac?on“ précezs (alkaline
tregtment) has on contaminated  corn due to fungal gro&th and to

quantify the amounts of aflatoxin reduction.

MATERIALS AND METHODS

Raw Material

Sound white corn, of Mutricta variety. not treated with fungicides,
vas used, Mutricta is an  impr-oved varizty which contains twice as

and trypltophan relative to standard cornz. Conditionng

much 1ysi

were establiszhed to aveid  corn germination during fungeal growths

corn wvas driced in oa pileot plant tray drver ecploving warm air  {or

ane  how &l 80-8%eC, fol Lewed by & period with live stexm
n=

humidificotion for 2-3 hours to obtain = fipal 3% moisture level,

sulteble for fungal crowth and atlatorin production.

Inoculum Freparation

For the aflatoxin production.  a strain  of Aspergillus parasiticus
MFERL. 2699, maintained  on poteto desorose aqar at roﬁm temperature
was used.  Soore  mraparaticn fos corn inocul ation was c&rried out
according o tho procedie oo of Favao et al (1955 . Fetri diches
containing potats deshraoze aior wera inoculated with 0.1 m! of SR

SULDENSLON And 1ncal 3l for 1¢ Eo 2o cdays  al F0eCi A neavy spore

Cra cousd than e harves Trhe pealry dishes uere alwoys isoloted
i mzbal contoirsrs and bhes in Plastro beags to avaid  contamination

of  Lhe eosreonmoant ., To har vect tha srma, e agar suwrface of ooch

potri dicl was washed  tuice with aomloof o011 M phoznhats huf fore
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solubion at pH 7.0 with 0014 Twean BO.  Both washings were combinad.

Corn Contamination for Tartilla Freparation

Berm tnactivated corn (240 @)y was placed in wide mowtn alass  jars,

and inguuelates with a ClICT e BUEs

N of A, parasiticus NRRL 2999,
Concentrations of 2.2 w 106 and .84 n 10e Spores porogram of corn

tdry banis), wero usad o the first and

LOnd aseayv., respectivealy,
AL the come timn, sterile watzr uas added to obtais o noisture level

-

oF 25, Inocelated jars were  shatod to Hishviboute cnorez and  then

incubats § ak

(tamsorsture b was celested ancording teo the

"G

preliminary tYrialed., Controls were mropared without

SISO On. Mold, samples woere tabion at S 7 oand 10 dayvs oand

Smitted to {he "mixtamalinaticn" These will be

WerC i

idant ivied ao sooplesss Yy 32 oand 7

Levels of Lime Employed in the Mixtamalization Frocess

Takir az & base the a&voraae  aecunt  of lime fournd to be

Comnund v weed 10 home  practiow aid  which gas  ogual to 1876 Wy

LaRvEral Dower ard opper lims CONCENUIATIONS VLl

Teciad for furtheor  studi e This waz  done with

the o jeotive ol finding & concontration  in which  the oubor seed

coat nould bo oros by hand prosoare and the wirgannleptic

characoesicty s o9 cdonith and Lortilla  were not Wterad, Lime of

1ndust Gurliby w usad  and  was  pulverizoed and classified

thirousgt 5 mush 01 Siewve.
Nixtamalization Procoss
Fallowing the  £1ew diagram  shown  in Figure I, Cfour, 250 g,

contacsianted  corn o capsles warsn mived, with 5.7 wator and the

Foftaving proporizons of 1ime: twi with 0067 NV (L. 0% W/ (optimum
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level found in the_initial trials), and the other two, with 1.87%
W/V (T.0% /W) (commanly hemz  practice). Une samplz af each
concentratron was cooked by one o9f the twe me{heds: 4t atmosphoric
prassure in o an opzsn hettla  for 40 minutes at  UYr and in an
avtoclave at 121eC (13 psiq) for 20 mrnutes (optimum  times). All
cooked samiles wors  left rarniahbt at room lomperature and then

wanhzd sovaral times with top vater amd milled, The corn douwgh  was

softenzd ard tortilloz wers made. The cuoking time for tortillas w

1.5 min. . in a "oorelt thot  plaito  at 4 terperature  betwesn

i

PUDe=-2200C) . While coodling, the "tortitla" internal tennerature vias

A The oM of Ccorv-uater mLture H.0-6.%, which inocreased o

to 1.7 after Yhe corn weg

000 as ligw was aoded, The pH decreoa:

AN ovan merte adter bhroe wzshings Lo a valup of 9.7, The

procadure ol low v was similar to thoze proce
e Literature solated  ta Duantemzla’s practice. The differances

rest on tine zanount of lime uced (Breocsani and Scrimshaw, 19%58).
CHEMICAL ANALYSIS

Moisture

Mainture waz debtersined on duplicate samples of contaminitsd Com,
dough anc tortillag, by drying at 1099C to constant woight (AOAC,
1975al. '

Aflatosin Analysig

fflatesing contant wore dovorminad inocontaminated corn, douch. and

, . s v .
borcalio: gn Erooared at eech iime level and coolbing procecs.

The ame crozodure o Folltoved vt &1l sampios remmroe fros tho

tws asaeove, The meLhods enploved for aflatouin exbracticon worne those

\(
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described on the AOAC method (1975h). Empluyﬁu;auch technique corn

contaminated with a inown rount of ouwre afl soosin waz analyzed

obteining a 92% recovary. fluantitative thin  Layor chronatography

was carried out in the  above saaples uoing a densihometer {Fontesz,
Modal 800). Measuresants were done following the nrocedure cited by
Stublefield =t al, (1%74). ‘ilters micitation and emnission  of 365

nmoend 436 nim o were recpectively used. All tests were poerformed in

duplicata=.
REGULTS

Levels of Lime Used During the Nixtamalizaticn Frocess

Fomults obteineod from the organcleptic charactaeristics of dough and

"tortillast,  orepa with different  time levels, zhowad to be
neraally good fin ceolor, testure and tasted, un to 1.877% W/V (3.0

WA lime wuread. Wian Bigher cmounts, (2~107) of lime wore tested

the "aistamsl”, douch ard "torltilles” had a yallow color, which was

R ENeCRd by Lo e Lhe ol S (TN EI N Vit LxEle fand

flavor uvero sirona bto lima. baing campletely chirctianable for human
cansumet on, see Tatloe 1. HOmces, this result  was  of areat

importance 2 it gave ur the ddmum gormesibls level of lime to be

usod for o durther caperimonte tnoorder bo ot Ll obtain a preoduct
af ccoeptsnso oy Bhe conzumer.

Aflatoxin Reduction During "Nixtamalization”

The evaluatyon of o+ latowin roduction in contaminated corn, trected
Wil the  Lwen seloctcod Timo lovels. naceer thes fullgwinﬂ results ac

showrn i 1anle 2@ a) theare vas a  decreasze in tho total af latorin

contonts o the dough and she "tortilla® in all Lanplan b)Y the



decreane was highezr from corn to douagh ™han from  douah to

"tortilla”. Thz differciceos bet e lime concentrations enploved

and beltwern cooking  metliods were nol statistically di<‘erent

Lignificance levasl of 0,00, The aflatovin  roduction feom corn to
cdough  wan  higher  in sanple I and  equivaieont Lo F49.674 of the

original value an  dry bozig, From  cora to tertills it wasz higher

for sanplos 2 and S PV and L03% respectively. Although we

Tound theo duringe the "mintamalizacion® procecss thero was & dacroage

OtF oatlotesidn cons

Ly nonT o af the brcabtmond s precentod Yotal tovels

Lowwrzr  toan trnose allows- by  FolswHO bos 2o ICEF ?6%9) and USDA
(1S79) whtach areg 20 UGS o Wt haore, This enneriaental  evidonece

12 saportant Looause owe lower jevels of atlatouin cantaminetion

LY are comparable to *hose found during ctored corn in

the erfvct af lime on  the four atlatoring, it was {found
that  aflatorin 51 ane G2 were  more  susceptible to alkaline
hydrsl vovzs than Il ancg VX, being reduced im0 some CanEs in oo 100%,
P I DR A TPL | VT3 B

Makrag ¢ divbas 1o conpatiTan of ouwr resuel fo concerning atlatovin
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contamination during its arowth, harvast and posterior storago.
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FIGIRE 1

NIXTAMALIZATION PROCESS FLOW DIAGRAM
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TABLE Ne. 1

ORGANOLEPTIC CHARACTERISTICS OF NIXTAMAL DOUGH
AND TORTILLAS AT DIFFERENT Ca0 LEVELS

Ca0 Dough . Tortilla
(W) ¢ Texture .Color Texture Flavor
2.00 Fine Yellow Slight brekeable Slight 1imy
4.00 Gross Yellow Brekeable Limy
8.00 Gross Intensive Yellow Brekeable Limy

10.00 Gross Intensive Yellow Brekeable Limy
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SAMPLE 1

LE No. 2

AFLATOXIN CONTENT DURING NIXTAMALIZATION FROCESS

DOUGH AND TORTILLA PREPARATION.

Total Aflatoxin Content 10° yg/Kg-1

Moldy Corn
Dough 0.60% Ca0
Dough 1.87% Ca0

Tortilla 0.60% Ca0
Tortilla 1.87% Ca0

SAMPLE 2

Moldy Corn
Dough 0.60% Ca0
Dough 1.87% Ca0

Tortilla 0.60% Ca0
Tortilla 1.87% CaC

SAMPLE 3

Moldy Corn
Dough 0.60% Ca0
Dough 1.87% Ca0

Tortilla 0.60% Ca0
Tortilla 1.87% Cal

WB
DB

Wet Basis
Dry Basis

non

Open Ketle cooking Autoclare
WB DB WB DB WB . .DB
1.63 5.24
0.28 0.47 0.23 0.39
0.44 0.77 0.20 0.24
0.23 0.40 0.20 0.36
0.14 0.28 0.15 0.24
5.09 24.88
0.78 1.57 0.70 1.47
0.48 1.14 0.30 1.27
0.37 0.70 0.25 0.99
0.13 0.28 0.07 0.12
14.69 60.47
1.46 2.40 1.65 2.49
1.20 1.99 0.99 1.18
0.68 2.21 1.25 1.52
0.71. 1.14 6.50 0.81



TABLE No. 3

REDUCTION OF INDIVIDUAL ATLATOXIN CONTENT DURING
NIXTAMALIZATION PROCESS, DOUGH AND TORTILLA PREPARATION

SARMPLE 1

FIRST ASSAY

AFLATOXIN CONTENT 10° g Kg-1 B,

WD DB WB DB WB DB WB DB
©01dy Corn 0.88 1.3 0:08  0.16 0.15 0.40  0.09 0.19
Dough 0.14  0.26 0.04  0.09 0.02 0.05  0.00 0.02
Tortilla 0.1 0.18 0.04  0.05 6.02 0.03  0.00 0.01
SANPLE 2 _
Moldy Corn 2.78  18.99 0.41  2.82. 0.49 3.6  0.06 0.41
Dough 0.32 0.97 0.09  0.26 0.05 0.03  0.01 0.02
Tortilia 0.15  0.27 0.02  0.05 0.01 0.02  0.00 0.00
SAMPLE 3
Moidy Corn 7.85  36.57 2.06  9.58 1.56 7.26  0.21 3.27
Dough 1.10  1.87 0.19  0.32 0.02 0.03  0.00 0.00
Tortilla 0.51  1.19 0.12  0.26 0.01 0.02  0.00 0.00
WB = Wet Basis
DB = Dry Basis



SAMPLE 1

AFLATOXIN CONTENT 103‘ug Kg-1

Moldy Corn
Dough
Tortilla

SAMPLE 2
Moldy Corn
" Dough
Tortilla
SAMPLE 3
Moldy Corn

Bough
Tortilla

WB
DB

Wet Basis
Dry Basis

REDUCTION GF INDIVIDUAL AFLATOXIN CONTENT DURING

TABLE No 4

NIXTAMALIZATION PROCESS, DOUGH AND TORTILLA PREPARATION .

OO

QoW
« v 0

.32
.08
.11

19.55
0.71
0.48

38.81
1.61
0.61

SECOND ASSAY

WD DB
6.20 0.85
0.05 0.07
0.03 0.06
0.60 2.21
0.08 0.19
0.03 0.08
2.51 9.44
0.21 0.29
0.20 0.1¢

1
WB DB WB DB

0.47 2.06 0.06 0.25
0.01 -0.02 0.00 0.01
0.01 0.04 0.09 0.00
2.02 7.62 0.19 0.72
0.00 0.03 0.00 0.00
0.00 0.00 0.00 0.0
3.98  14.99 Q.87 3.27
0.06 0.09 0.00 0.Q0
0.05 0.09 0.00 0.00
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Aflatoxin and

Tortilla Preparation in Guatemala

M.C. dc Arriola, E. de Porres, S. de Cabrera, M. de Zepcda and
C. Rolz, Applied Rescarch Division, Centra! American Industrial
Rescarch Institute, Guatemals, Guatemala

Maizc Is the cercal that has both the
highest production and the highest
consumption in Central America.
Present production in the region is
above two million tons, most of which
is used for human consumption; from
5 to 20% of the crop, depending on the
area, is uscd for livestock feed,
espeeially for poultry. About one-third
of the crop is harvested during the
rainy months. In the ficld, major maize
damage is caused by inseets, birds and
molds, the latter often aggravated by
bad weather before and during harvest,
During storage, especially on small
farms. the grain is subject to insect
Infestations and storage problems
because grain is poorly dried. The
storage problem is especially severe
with carly harvested maize (May to
November) and in areas where rainfall
is scattered throughout the year, as is
the case in certain parts of the Atlantic
coast.

In Guatemala, where abeout half of the
maize in Central America is produced,
malzce Is mostly consumed as tortillas
(flat, unlcavened malize cakes), which
are made by the process called ‘
nixtamalization (Figure 1). With this
procedure, maize grain is bofled in
lime water (CaQ) and then left to soak
overnight. After draining and washing,
the grain is lightly pressed to remove
the seed coats (pericarp) and exceass
lime. The resulting nixtamal is then
ground to prepare the masa {dough)
and small amounts are shaped and
baked on a comnal (lat clay or metal
plate) on top of the stove for a few
minutes. Most of the processing of
tortillas is donec on a small scale,
although there is an Industrial
operation that follows the same
procedure for produteing instant (ortilla
flour.

Fungal Contamination of
Guatemalan Malze

Studies have shown that maize
harvested in Guatemala during the
early harvest period (May to November)
has considerable fungal contamination.
Among the fungi are species of the
genus Aspergillus {8,9,36), which
produce some of the most harmful
mycotoxias, the hepatoxle allatoxins
(7.20,30.37). Maximum contamination
with aflatoxin occurs during the ralny
scason and in storage. Samples
analyzed 20 days after harvest had
a%.texin levels of 130 ppb, and levels
up to 1680 ppb when analyzed 60 days
later {8).

Ij/hitc maize kcmcls] Malize

Y -
IAddition of lime and watcﬂ

Nixtamal

JL

Masa
Dough softening

It

Dough shaping

Tortillas

Tortillas

Figure 1. Flow chart, tortilla making,
Guatemala
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Aflatoxin Deactivation

Much research has been carricd out on
the deactivation of aflatoxin by various
means, Including insecticides (26,43),
chemicals (4,12,14,18,19,24,25,31,34,
41,45.46,49). radiation (10.49),
blological inactivation by acid-
producing fungi (10) and by physical
methods (4,13,14,21,33,38,42.46,
47.54;. Chanical agents that have
been tested include the bases caleiumn
hydroxide {12) and sodiumn hydroxide
(18,24,25,34),

In addition to reducing aflatoxin
contamination (35,51.52}, urca‘ment
with lime has been found to improve
the nutritlonal vajue of maize by
inereasing calcium values and lysine
avallability in the glutelin fraction of
the protein (50). It also promotes some
favorable changes in amino acid
content (5,22,29),

The experiments described in this
paper were desigined to determine the
effect of the nixtamalization process
{alkalinc treatment) on aflatoxin-
contaminated naize, quantify aflatoxin
reduction, and determine whether
treated material was safe for human
consumption. Two different assays
were made, differing in spore
concentration of the inoculum,
Ineubation time and temperature.

Materials and Msthods

Intact white maize grain of the
Improved varicty Nutricta was used in
the two studics discussed here: it was
not treated with fungicides. Nutricta
has a high nutritional vahie, with
lysine and tryptophane levels twice
that of normal malze. The ¢rain was
first dricd in a pilot plant-tray dryer
using warm air for one hour at 80° 1o
85°C. This was followed by a period of
live stearn humidification for two to
three hours, until the grain reached a
final moisture level of 25%. suitable for
fungal growth and afatoxin
Preduction,

Inoculation

Spore preparation for inoculation was
carried out according to the procedures
of Hayne et al. (26). Petr{ dishes
containing potato dextrose agar (PDA)
were ioculate ™ with 11y mi spore
suspension of Aspergillus parasiticus
strain NRRL 2999 and incubated for
10 to 30 days at 30°C for spore
production. The petri dishes were
Isolated in metal containers and then
in plastic bags to avold contamination.
To harvest the spores, the agar surface
of cach petri dish was washed with
5l of 0.1 M phosphate buffer
solutfon at pH 7.0 with 0.1% Tween
80.

To avold germination, the maize grain
was treated to inactivate the germ and
inoculated with the spore suspenston.,
The inoculum was distributed in petri
dishes containing 25 g of grain and
incubated at 21°, 28° and 35°C. The
grain was sampled after 10, 17 and 24
days and analyzed to determine
aflatoxin levels at different
temperaturcs,

The germ-inactivated maize grain
(240 g} was placed in wide-mouthed
glass jars and inoculated with a spore
suspension of A. parasiticus,
Concentrations of 2.2 x 106 spores per
gram of dry maize were used for the
first assay, and 4.86 x 106 spores for
the sccond. Sterile water was added to
obtaln 25% grain molsture. The Jars
were shaken to distribute the spores
and incubated at 35°C. Controls were
prepr red without spore suspension.
Samples were taken at three, seven
and ten days {first assay) and four,
scven and ten days (second assay) to
be submitted to the nixtainalization
process.

Nixtamalization

In the first trial, the amount of lime
commonly used in the nixtamalization
process in home tortilla making in
Guatemala (1.87% W/V, 3.00% W/W)
was tested as well as several higher
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and lower lime concentrations (0.03 1o
10.0% W/W). The objective was to find
a concentration level that would permit
casy hand removal of the pericarp,
without alteration of the organoleptic
characteristics of the dougth and the
tortilla. Lime of industrial quality was
pulverized and sifted through a no. 11
mesh screen, Cooking times from 20 to
40 minutes were studied with an open
kettle (domestic) process und an
autoclave (industrial) process. Data
were recorded on pH changes, the
amount of water added to the cooked
grain to soften the dough, and the time
and temperature necessary to bake the
tortillas.

In the sccond study, four 250-g
samples of contaminated grain were
mixed with lime, two with 0.6% W/V
(1.0% W/W), the optimum found in the
first trial, and the other two with the
home level of 1.B7% W/V (3.0% W/W).
One sample of cach concentration was
cooked by one of the two methods, in
an open kettle at 94°C for 40 minutes
and in an autoclave at 121°C (15 psig)
for 30 minutes. All of the cooked
samples were left a. room temperature
overnight and then washed several
times with tap water and ground.
Water was added to the dough to
softcn it, and the tortillas were made,

Chemlcal analysls

Molsture was determined for duplicate
samples of contaminated grain, dough
and tortiilas, by drying at 100°C to
constant welght (1). Aflatoxin levels
were determined for the samples for
lime level and cooking method;
aflatoxin content was determined by
the AOAC mecthod (2). Grain
contaminated with a known amount of
pure aflatoxin was extracted (92%) and
analyzed. Quantitative thin-layer
chromatography was carried out using
a densitometer {(Kontes, model 800},
and measurements made following the
procedure cited by Stubblefield et al.
{48). Filter excitation and cmissions of
365 nm and 436 nm were used.

Results and Discussion
Aflatoxin levels

according to temperature

and incubation time

Production of aflatoxins B), Bg, G)
and G was <determined for three
temperatures sampled at 10, 17 and 24
days (Figure 2). Diener and Davis have
rcported that the optimum temperature
range for aftatoxin production of A.
parasiticus on natural and
semisynthetic media {s 25° to 30°C for
7 to 21 days of incubation (16,17);
maximum production of aflatoxin By is
obtained at 30° to 35°C, and Gy, 2b°
to 30°C (15). The ratios between G)
and B} and between Ge and Bi have
been reported to vary with respect to
temperature {17} and incubation time
(44} {Figure 2).

Results of the {irst of the studies
demonstrated shinflar patterns. Most
aflatoxins increased with incubation
time, although some leveled off after
17 days. In only onc case. Gg at 35°C,
a sharp and unexplained decrease
occurred. In general, more B and Bg
were produced at higher temperatures,
and morc G] and Gg at lower
temperatures. Routinely, a higher
production of the four aflatoxing was
observed at 35°C (Figure 3). For this
rcason, 35°C was used in the second
experiment.

Lime levels in the
nixtamalization process

The pH of the original malze-water
mixture was {ound to be 6.0 to 6.5,
which increased to 12.0 when lime was
added. Due to the buffering capacity of
malze grain, the pH did not change
significantly as more lime was added.
The pH decreased to 11.2 after the
malze was cooked and to 9.2 after
three washings.

Organoleptic characteristics {color,
texture and flavor) of the nixtamal,
dough and tortillas were normally grood
with lime levels up to 1.87% W/V (3.0
W/W). When higher amounts, 2 to
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10%. were used, the nixtamal, dough
and tortllas were yellow, becoming

darker as lime {ncreased. The flavor of

lime also become objectionable. With
the optimum lime level (0.6% W1V,

Aflatoxin
(103,.8/kg)

90- A

7.0

501 /’

3.0

20

T !
4 12 20 24
Incubation days
Aflatoxin
(103, /kg)
304
2.5

20+
1.5

10/ o

o5 S DA °
J i i L
4 12 20 24

Incubation days

L.0% W/W), keinels were seft and easy
to peet and had a normal cu.or, the
dough and tortillas were fine textured,
and the tortlllas were clastic and did
not brealk casily,

Aflatexin
(1038/kg)
9.0-
7.0
5.0
30 V-2
204
10- P
o
T n,w"’
1 ¥ ¥ L
4 12 20 24

Incubation days

&————— A B
& -® By
O——0 6

Orm=nn=r a0 Gg

Figure 2, Aflatoxin production in maize grain at three different
temperatures, study no. 1, Central American Industrial Research

Institute, Guatemalad/

Y Afiatoxin production at 21 (A), 28° (B) and 35°C (C)
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Cooking and baking {Figure 3) shows striking differences. In
Optimum autoclave cooking time and the sccond study, aflatoxin B was
temperature were found to be 30 predominant, while G was highest in
minutes at 121°C (15 psig): a longer the flrst. Practically all aflatoxins were
time was nccessary when the maize produced tn much greater amounts in
was cooked under atmospheric the second study, undoubtedly because
conditions, the optitium betng 40 of better fungal growth caused by the

minutes at 95°C. The baking time for higher spore concentration. Afiatoxin
tortillas ranged from 1.5 to 3 ininutes  B] had a seven-fold inerease, Bp had a
on a comal at tempcratures of 180° to  three-fold increase, G increased about

250°C. During baking, the internal 1.4 times, and G2 remained almost the

temperature of the tortillas reached same. Hesseltine et al. (29} have

94°C, pointed out that G is always
biosynthesized along with By; If

Aflatoxin Levels ncither s present, B2 and G9 are not

in the Two Studies found.

Aflatoxin levels were determined at
35°C for three, seven and ten days Aflatoxin Destruction

(Figure 4). The levels of toxin produced During Nixtamalization

were higher In the second experiment,  Aflatoxin destruction in contaminated
when a higher spore concentration was malize treated with the two lime levels
uscd in the inoculum. Comparison of was determined (Figure 5). A decrease
these data with those of the first study  In aflatoxin levels In dough and

Aflatoxin
(103pg/xg)

20- .
[ 1

1.0+

-

B, B, G, G, B, B, G, G, B, B, G G
21°C 28°C 35°C
Figure 3. Aflatoxin production In maize grain by Aspergillus parasiticus

at three different temperutures, study no. 1, Central American Industrial
~ Research Institute, Guatcmala
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torlias was found for all levels of
contamination, the decrease being
greater from maize to dough than from
dough to tortillas. The reduction was
more pronounced with the higher level
of lmne. The effect of alkalinity was
more linportant than that of
temperature, although temperature has
also been reported as important
(22,34,48,54).

Results of the current study confirm
reports by Ulloa and Herrera (52),
Ulloa-Sosa and Schroeder (53) aud
Price et al. (41) regarding aflatoxin
reduction with atkalinity. This is
malinly caused by the opening of the
lactone ring and its irreversible binding
with the protein (3,33).

Data analysis

The data were submitted to least
square analysis cmploying a trifactorial
destgn (11,39). The parameters and
levels used included incubation times
of three, seven and ten days for the
flrst assay and four, seven and ten

Aflatoxin

(103#g/kg)
10+ A
b A B

8 D“DBZ

Incubation days

Figure 4. Aflatoxin production In malze grain at 35°C, Central American
Industrial Research Institute, Guatemala8/

A= study no. 1, B = study no. 2

days for the second, two lime (Ca0)
concentrations, 0.6% W/V (1.0% W/w)
and 1.87 W/V (3.0 W/W}, and two
cooking methods, open kettle and
autoclave,

At signlificance Ievels of ¢ 5 and 0.01,
no significant difference in amount of
aflatoxin reduction was found between
the two cooking metheds or the two
lime levels; however, the difference
was highly significant for the three
Incubation periods, There were no
significart differences among the
varlous fnteractions of incubation time
and lime level, ncubation time and
cooking method, lline level and
cooking method, and time, lime level
and cooking method. Although there
was a decrease In aflatoxin content
during the nixtamalization process,
none of the treatments lowered it
sufficlently to meet the 20 e8lkg
standard suggested as safe by
FAONVHO/PAG/UNICEF (22) and the
US Food and Drug Administration {23).

Aflatoxin
{109, kg
10+

L . 1 1
a 0 B2
84 [ S Gy
o G2

—
4 - 7 10
Incubatlon days -
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Aflatoxins G] and Gg were lowered
more by alkaline hydrolysis than were
B and Ba; in most cases, they were
reduced by as much as 100%. These
results confirm those of Codifer ¢t al.
(12). Through the nixtamatization
process, aflatoxin reduction from
containinated grain to dough stage was
82.5% on a wet-weight basis (three
days of fircubation), 89.2% (seven
days) and 89.6% (ten days of
fncubation). Gn a dry-welght basls, it
was 86.1% (three days of incubation),
95.6% (seven days) and 97.3%, (ten
days). The cquivalent values for the
reduction from contaminated gruin to
tortillas were 89.6% (three of days

Aflatoxin

(103ug/kg)

" Contaminated maize
'] [ 6% ume

10 £ 1.87% time

8-

6 -

4

2~

incubation), 89.2% (scven days) and
93.5% (ten days) on a wet basls, and
91.8% (three days), 95.6% (scven days)
and 97.1% (ten days) on a dry-weight
basls. These results are an average of
the two assays at the {wo lime levels,
two cooking methods und different
numbers of days of incubation.

Conclusions

The levels of lime norinally used to
prepare nixtamal in rural and urban
areas of Guatemala do not reduce
aflatoxin levels in contaminated grain
sufficiently to make it safe for human
consumption. When lime levels above
2% are used, high aflatoxin reduction

e

-

Maize Dough Tortila Maize

3 duys
Figure 5. Aflatoxin contecnt of dough

Dough Torulla Corn Dough Tortilla

7 days 10 days

and tortilias made with

contaminated o:aize after nixtamelization vith two diiferent lime levels,
studies no. 1 und 2, Central American Industrial Research Institute,

Guatemala®/

2 Determined at 35°C
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Is achieved; however, the resulting
tortillas are unde:irable. During
alkaline cooking, aflatoxins G) and Go
are reduced more than B] and 8p; B)
{s reduced the least. In all cases, even
at the lowest lime levels, a decreasc is
shown for total aflatoxins during the
nixtamalization proccss.
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TABLE 1

-CELL WALL BREAKAGE

EFFECT OF BIOMASS CONCENTRATION
(Disruption time, 15 min; pH = 7)

YEAST CONCENTRATION BROKEN CELLS
¥ 2 ..
5 21.55
10 79.60
16 69.85
25 65.05
50 33.00

EFFECT OF pH
(Disruption time, 15 min; yeast concentration, 10%)

pH BROKEN CELLS
%

6.5 79.60

9.5 87.52

11.0 83.17°

EFFECT OF DISRUPTION TIME
(Yeast concentration, 10%; pH - 9.5)

TIME, min. BROKEN CELLS
%
20 93.78
25 97.00
30 95.61
35 94.52



TABLE . 2

PROTEIN AND NUCLEIC ACID LEVELS DURING THE PROCESS

MATERIALS PROTEIN NUCLEIC ACIDS
g/100g, dry basis g/100g, .dry basis

Nutricta Corn 18.84 0.00
Original Yeast 34.30 4.21
Protein Concentrate 53,04 0.37
Control Tortilla 12.09 0.00
Supplemented Tortilla 18.90 0.06

(184 ycast supplement)




TABLE 3

ESSENTIAL AMING ACIDS

g/100g PROTEIN

PROTEIN TORTILLA TORTILLA YEAST  NUTRICTA
CONCENTRATE ~ CONTROL ~ 18% PROTFIN CORN
. CONCENTRATE

ISOLEUCTHE 5,61 1.48 2,05 2.55 0.81
LEUCINE 8.94 5.29 ~ 5,59 4.39 5.71
LYSINE 8.99 2.63 - 4,15 | 6.36 2,53
METHIONINE 0.69 C.36 0.50 0.22 1.75
PHENYLALANINE 4.09 1.58 1.65 1.62 1.48
THREONINE 3.87 1.57 1.96 2.70 1.28
VALINE 6.81 3.03 2.52 4.05 3.42

* Mean of 5 determinations



FIGURE 1

PREPARATION OF PROTEIN CONCENTRATE

YEAST
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FIGURE 2

NIXTAMALIZATION PROCESS USED

WHITE CORN

MIX WITH LIME WATER
(1.8% CaD WM, 3% DU}

|

v
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121 C, 30 min
|

v

LET SOAK OYERNIGHT
(16-18 h at room temperature)

|

WASH THREE TIMES WITH TAP WATER ———

q__

GRINDI

G

B NIXTAMAL

SHAPE DOUGH It

3

0 TORTILLAS

BAKING ON A CLAY SURFACE OVER AN OPEN FIRE

TORTILLAS

P MASA



INSTITUTO CENTROAMERICANO DE
INVESTIGACIGN Y TECNULOGIA INDUSTRIAL

(ICATTI)
COSTA RICA CENTRAL AMERICAN RESEARCH INSTITUTE FOR INDUSTRY Aputtudy Postal 1552
lox: 5312 ICAITI.CU
zlﬁ?:ﬁ::r:n Avenida La Reforma 4-47, Zona 10 Telox
HOHDURAS GUATEMALA, C. A, Telifonos: 310631/5
HcARAC Cables: ICAITI

FINAL . REPORT

DESTRUCTION OF AFLATOXIN IN CORN
AND NUCLEIC ACIDS IN YEAST CORN MIXTURES

Presented by ICAITI to:

ROCAP

Office of the Science Advisor AID/Mashington
ENERGY OFFICER
Bureau of Science and Technology LAC/DR, AID/M

ICAITI Personnel:

Mirtala Solérzano
Elizabeth de Porres
Silvia Ortiz

Sheryl de Cabrera
Fabiola de Micheo

6_« ,//»\/Cﬁz/

Maria_de] quhon de Arriola- ~
""'—-L(_Progeut Leader ——

)
w / /// //,7 T

Y
Carlos Rolz . Ludw1g'1nd—3m<’dr
Head, Applied Research Division — ct1ng Givector



http:ApuIrl.do

