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I.- SUMMARY 

A. Reduction of aflatoxins during preparation of tortillas.
 

Corn of the Nutricta variety was inoculated with Asperqj
iLs
parasiticus NRRL 2999 and aflatoxin production at 35C wa--determined as a function of timc. Tortillas were then prepared with

the contaminated corn using the alkaline cooking process called
"nixtamalizaci6n". 
 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]g 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 susce,iiible to degradation

than B and B2, BI being mor resistant than G2'
 

B. Enrichment of tortillas with yeast protein concentrate.
 

Inorder to improve the nutritional value of the corn tortillas, a method for enriching them with yeast protein from a local
distillery was developed. The procedure for obtaining a protein

concentrate with low 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 fo,.sensorial evaluation. 
Results obtained for the different doughs
showed that the maximum level of prntein concentrate that could be
added to the dough without negatively affecting organoleptic properties of the tortillas was 18% (DW). There was an 
improvement in the
nutritive value of the tortillas with protein suplementation; the
protein level increased 59.6% compared with the control tortilla.

The supplement provided a significantincrease in lysine, the amino
acid in which corn is deficient. The supplemented tortillas had a
low nucleic acid content which is important.
 

'/'
 



I. BACKGROUND
 

This research project was carried out in Guatemala by the Applied
Research Divisi6n 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 ladino population of the region, we proposed to study tvwh ireas 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 locally available yeast protein in order 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 contam
inated corn during the "nixtamalizaci6n" 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 "nixtamalizacifn" process.
 



The parameters considered in the investigation are:
 

a. Reduction of aflatoxin
 

a.1 Level of lime used.
 
;.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 p:'esept report covers thirty-six months of project activities.
 



III. ACTIVITIES
 

Through activities at the laboratory level, we were able to establish
the average amount of lime used in home practice to make tortillas. Aflatoxin
was produced in corn to contaminate the tortillas. 
Different cooking methods
either long tern, boiling or a shorter period 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 avc;age amount of
lime used in home practice (1.37' W/V) and the open kettle cooking procedure
at 95C 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. Itwas 
found that the yeast cells had to be treated previously in
order to reduce the nucleic acid to acceptable levels, and therefore considerable 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 concentrdtion
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 microbiological 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 "nixtamalizaci6n" process.
 

1.1 Acceptable tortillas with gond color, texture and taste were
obtained when levels of lime used in the cooking (nixtamaliza
ci6n) process did not exceed 1.87% w/v (3.0% OW).
 

1.2 When higher amounts (2-10%) of lime werc 
used, the dough and
the tortillas were of i yellow color which increased as the
amount of lime 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:
 



1.3.1 
There was a decrease in the af2atoxin 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 lime used for
dough preparation: 
 that 	found to be the optimum and
lo 2r levels commonly used in local homes.
 

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

1.3.6 Aflatoxins GI and G 
were more susceptible to de
gradation by the alkaline cooking process than aflatoxins
B and B 
 Aflatoxin B1 was more resistant than
 
a atoxih G2 .
 

1.3.7 
The amount of lime normally used in Guatemala in both
rural and urban areas 
is not enough to reduce aflatoxin
levels to those permitted for a Product destined for
 
humin consumption.
 

2.-	 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 rejection 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 point for adding dry yeast to 
the process was determined
 
to be the grinding step.
 

2.3 
 Because of the limitations 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.
 

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



2.5 	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.
 

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

2.7 
The protein content of the tortillas prepared with 18% yeast

protein concentrate showed an increase of 60% 
in the protein

level when compared to the control tortilla. Lysine, the amino

acid 	inwhich corn 
is deficient, was increased significantly

with the addition of the yeast protein concentrate. Nucleic
 
acid levels were held to only 0.06 g 100g-1.
 

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

2.9 
 The nutritive value of tortiilas supplemented with protein

concentrate obtained from dried (istiller's yeast increased
 
and the tortillas can be used for human consumption.
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INTRODUCTION
 

Cor-n is; the cercal with the 
 highumt production and consumpLion in
 

Central Am rica Fres-tIt pisocaote -1 i IJC)o/,-.2000 thi-ousald metric 

tons tho majority of: "hich is dost iroar toward,-; direacL human 

consumj tion; h :,-:m',,.er tf::l-dr d u m.mr-athe country, frcm 5 to 20Z is 

Used f ar ant i,.1 -cod::n q. ,naiary poultry, Duo Lo the divr-niLy of 

climatic conditions£: wh:-> corn iA£ produc o in 
the L.ntral Am'-.rican 

are s t vtr Iir-st,.; t1 \a'l HoS' -c.- , (-invOn o-f theOfli V part 

harv ..--L pwcr-h-p: a third cn -arc d oul..t rai 'sdiLtnI.g months:. In the
 

-iF
jl . tho mra- datmar - Lcurs cup to biro5 , inn c -tand mci d-. the 

I at ta- cu?yorr "_ - ,scl a;,'s bad -eatai n:s . I "fore end dtr'ino harve t_. 

Dtrrnj ut Otr i3 'e, j:tcc::.7I i n sl.. farms:, inmect :n-tes .t:aioans and 

prrbl. e,-; duo to nyortDg of 
 rr ly,, r icd grain cft.n o cut-. of 

Cour-- i-u 1>the 
 i: 


Mav to Nonterbar, and :.n 


:.or<rgravated in the h-arvestL to ifng pacme fr,,'i 

:on.s whos.. rain.fal 1 as cat. I med througho't 

the -.- - a's in nc:- tain ras on the At'.i Lic coast.
 

In r-a.Lvai- -. pc-. :-ltcos ab-Dout half of
c-hih tho total prodaLt-cit,, 

corn i,: irmt.-,- CmC':';Lfinu d ,tor-.as lla s" 
(land Form d Flat pantakem), 
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instant tortilla flour.
 

Studies ha .,e revw-alEd tLit a higher Percentage of thr' harvesLed corn 

in GuatLemala during th noarly harvast from May ta November shows 

considorable c rcn2minalirun by sv-ral funq:i. Among Lho.se, spa'cias of 

the nen.ra Aspargi i ius, wel 1kno.n as af 1ato. in producers, were 

freq& i l ,' found (Wiartinoz et all 1970; du Campos .nd Marzys, 1979; 

de CaMPon et al, 19WO). It has been -stablihed that the more 

harmful mvcoto:ir s, due to their toxicity and damage, are the 

a-lla f-,ins prod. :ced by species of Aspergi1lus; bWinzg aflaLe>-in B1. 

the tmoa't actv Iv epatocyrcinogenic acent ( NOwbrn t al 196.,; Le 

BreLr t. 1Y62 Enrwlvto ad S:ito, W72).al : 


Ther- in \,i dcnice th:t 
 ma: 'iaum frequncy of corn af Iatox in 

con t.m :ination W Guat.,::2wa. is diuring the rainy s', zson. Samples 
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" 1 Cl Ug c:-I -of total -fi ,-tx i n. The sam, samples ,,ncr 'yed 60 days 

1 'kt.howec a sr-eat i ncraos in afl aoin n- ror turt form 0. 10 to 

1.63, :10" uw WIk-1 CdEe Com.'i-pos at al, 1980). 
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-q 
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it i :won rih >:1 ino C: at "t - :ru-c-eni-shio nutr itiv vi, .'alui of corn 
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1970). 

The e;periments described 
 in this paper were designed in order to
 

establ.ish thy 
 effect that the "nixtamalizacion" proces. (alkaline 

treatment) has on contaminated corn due to -ungal growth and to
 

quantify the amounts of 
aflatoxin reduction.
 

MATERIALS AND METHODS
 

Raw Material
 

Sound wh.i+e eern, of 
 Nutricta variety. not treated with fungicides, 

was used. Ntri cta in an imp-oved vzristy which contains twice 
as
 

much 'yin- a-nd trypLophan relative to 
 standard corn=. 
Conditions
 

wcre,Est -.b]ishd to avoid 
 corn germi nation during fungal growth; 

curn was do-i .d in 
 a pilot plant tray drver employing warm air for
 

one hour at 80-95-, fo c,od by a per iod 
 with live stenam 

humidification for 2--2 hourn to obtain s final 25% moistLre level, 

suitable for fun~ai qrowtl' and aflatoxin production.
 

Inoculum Preparation
 

For the a-flat:ox'in iroductiurn, 
 a strain of Aspergillus parasiticus
 

NRRL 2999, maini-:doci 
 on p,:toto deg'rose 
 coar at room temperature
 

wa, used.. Eooro prn2nar;tior 
 fo- corn inoculation 
was carried out
 

acco-din, [, toie i,rocedures o H--a"'nu
d et a] (.Y'55). Pm r'i dirhu 

co n L i'inr potato Wn1: ro .e a w-er e inocula t w.1.,ith 0. 1.ml of sprrD 

c..cpt slnt]. 7o uI C ii.ta for C.. 2i _ . C;t:"'3.,  a -a'."v Span-e 

cro;p co. a then h- hr.en0Lo]. Tto pou.fli dishe. wuere alwvays isolated 

in mat..l o and,L in n, 
 Lh:. i,n p a..,. [ G o ,ni d contami nation 

of .hie 1'. .'i m uFm . To h..v'pt t h i 4 ;-arh: t",C , .a Iirface o eacoh 

pn-Lr I dis.k wan ))7,I-.Hc' to _ i I h b ml of 0. 1 INph..:hat--, ht ff:er



S.ol U LiJ. Cit pH 7. C) wi th C, i/ TwEc ,. Both washing-w were combin,-d. 

Corn Contamin,-tion for Tortilla F'recparation
 

Gvr-m n7c:,::ti va I:lJ coi-n (240 .) , w-
 pj weed i tni d o 1 a.s jrs. r s 

and . ciLC:U C a :,s t.C:,noftc.: i.! h c:pn , "§'o , A. parasiticLs NRRL 2999. 

Concentrtl €:Lo2. 2 J, and 4. ;,1ICtup-rs p:r gram a : corn 

(d rv ,C) LinEd f. th ? f.-I and ncl nd a .. rEspcti vol 

It 1-1h i tt0-1 IrItc2 jLI addcdc- vat -?r ul Lt oobt .I .1acl i ~S ure 1evel 
-. ,,.. J.nor iI at,'d J ar n-a r p nh-a.,d t c c .:-.ibut U ,.;3res and then 

inctl::i Jtha.cht- '': Ctam-,'vr-, re w,  : -tcd an: cordin to the 

rtuti; aLoV cli rninc-y t rI a CoLnL cr1: Nc- ( p - k rd t thoDUt 
S.p1• 3 1 -Najr M03, ,ric,::r) ; ".a cn t 7 ,--nd IC) d -n, . and 
1er". t Ci)i iot~i.Pt ''F; i::L ama-1 :: : p ro: .I Th.1o il 1 be 

5 .,;i Cci 1 i ida apI (, to:, . 2 z11c(J ~ ont '/E- y. 
LeveIs of Lin, Employed in the Nli'.tamalization Process 

Tla kli ] c L ho aC J e tl P or) 1 ame found to be 
Co0 COa:0 Vi UamE Ii hom IQ ci Uhoi.whichi ."aT, 7ccit -toP 1 . R7% "'/V 
(.'. C y. 'Ji."'J , i-,t-Li r -r!11o v ," 17:' UN)L LiP .1: r)ct I L'I-'L I;I kV. t-!:,. 

. 'ful:c _/icr fo,r-a- fu r-thr stud! ai-. This t,Iw-a. dl)omp with 

t e :'. . . ... : P, mui 12( a CfiVV:t-ati-at. in twh:i rh;- th' O'L(I' S ccl
 

ccit :- :
rf:..o, c .. J-n: by handd I y prcA ;:,ur- and th., ocan.o ICpt c 

ha.l-a: r,,-:-"...:, .of gi~g Or', tort 1 . 1a were rot -i tard. Li me cif
 

i nd .
 i a Il 1o1 P ! . La.,' rd c 4 pJLJrV ? i dI was I"an d c 1n..n_, f ied 

t h I '- . ,CL !t ftnt:- !' :,Cc.'C" 

Ni: t ama liz at i on Pr c:Ls5 

Fci I IV"i i I i. IL' ] ow c!i-t1g -.i -mVhown in Fi qLu" I , four, 2550 qi 

:'!,
' 22.'3-It.(' ,.:.!F)2 2:- F:;] CC?; w, r' . 1I. F: d i1:h ?:', water, and L ht 
fo. I -jiri pr,. :-i: ,o n i- MC:.1 .,Q ii th (. 6Z !q/V (A.. i' W/W) (Cup : i Muin 
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lev-l found 
in the initial trials), 
 and the other 
 two, with 1W27%
 

W/V (3.0% WIW) (commonly hcTe practice). One sam.le of each
 

conc-entrat:.on 
was ucnI:.cd by one, of 
thn two: methods: 
 at atmospheric
 

prmy.-ure in 
 an open Nett., for 40 minutes 
at 95-'C and in an
 

autoclave at 121-C (I5 psig) fo:- .30 miLutes (optiimum times). 
 All
 

cool.ed samn 
 es w'::-r left o.erynigh t at room tomperstlue and then 

od ,-v_.1 t imr::i o t Lap water adri milled. Tlle corn diouah was 

Fotftelned rd tortil].a:s wer.- made . Thp: cookino ti:me For a.tc~r tillas-w1 

1.5 mi n.. i n a "orel " (hot pl ,: nQ at a temperatury beL l-oni 

!; .. 250"C). hi col.:nc, Ohm "torti lla" inter:-nal t .Imp-raLur-c wa;a 

91-C. 11 f.-H o- c rj-- u- mi'x'ture '. 6.0-6. , whic:h inc::ased to 

1.0 ,as , , I [he nH dcr ind to 11.? a. ta-r the ccrn ws 

and '''Pi m
van 
 a-- i; 


r Ocedur,n 


t r shi:n-gslKto a / LIun C' 9. 2. Th 

]1o .-,: z ' was simnilar to those p'ro'ce 'ne describ:ad in 

the I t. v a : L ( .o ated to [WLlatCom: ,'- rracet cc. Th.e di ff-eranc: no
 

rest on ti' mlouInt of l11ime Ired 
(Bresani and Scrimshaw, 1953). 

CHEMICAL ANALYSIS
 

Moi st ure 

Hoi, .lrn' ,:0:a detrerined on duplicate samples of contamin,,anted 
 corn.
 

dourgh Inc. [etrtilla:s . by drvinq at 100 C to cor:tant Noirqht ((WAC.
 

1975a ).
 

Af I ato:' in Anal ysis 

i. I Kt,L; ., t.cont ' r.,e rmi nadC, ,..:' in CIo:-itamI. n.,-dte! cnrn, dotVh. and 

ms1leF7.inn r:mrod at each:)or-: r,L 
lime Aeve.l and c:on: i rig procuE. .
 

TF ,: -.,,' 'r -a W:iIl I:(o o.'d :4 lbe.-:I . al . rumv:'.ol ncrz tln from,tho 

two as'.: :. The rILhod. epl.ved for vflato::in e;n:lr.Hction 
 urn,r t hos;f. 

http:rumv:'.ol
http:conc-entrat:.on


described on the AOAC method (1975b). Employirnq -uch tecnnique corn 

cont aminated with a I nown rCOur t cf LI-e af 3 :. Ju;i:n ,' onalyze::' 

obtaini'ng a 92% remc)ovrP, . atitat'. thin 1 ai,':r chrcuatograph,/ 

wascairrid out in thQ above crsanle'; using a drns itcmet cr Mont= , 

Mod:l 80)C) Masur,-mnts wer-e done fol1lo ;inq tho Proc edur-p: cited by 

Stubleield et 1..) ....al, MiM "i.ters cita:tion and! emiss ion of '365 

,i-,d 4:56 nm were relpectiJvev used. Al1 tents werenm 
performed 11n 

dupl i c:ate. 

RESULTS 

Levels of Lime Used During the Niz'tamalizaticn Process
 

Renmult. obt-.inod from thne orqwuinlupt i characteris tics of dough 
 and 

"tI rtilltas". orrp.-a w- Nith di:fferc nt imnre lcvO-e s, Ml owmd to M,' 

ncrial.y gcoud (in ,:1 or. tent~ ure an'd KI: intae), ito 1.87X W/V (3.( 

IN ) lime. L7 d. Mon: hi amounts. (2-.10%) of: lime were teseodi:' her 

tho. "ii: mA.l", dounih and "tor:illa-" ha a yetlo,, color, which was 

-flovc LorE s-tr ong tn l;Ii mu. bi2' i Iiq mmp 2.rCtoly u ic for huLrtarlcI t ionahii 

connum. t io . ;oe Ta 1 1. Hone c., .: iis r eon) t ca'; of greait. 

imrctanco -i. it g.v. L-" the mina: uTt -m i. 1evel ofa::-r'n£s lime to be 

LIsCd f -r :for , Lr th,,r ,. oet imn i tinlurdclr to s-till obtaini a proidl.u:ct 

of :mrr:n-' 07 thp con iumnr 

Aflato.:in Reduction During "Ni:tamalization" 

" r uvauo.nt;ion. of ::il r.i ri "*'l, irductt flon in cortaminated corn. tre:.te.

.i'n ftli,' Lt"o seluLnl d ir. .'e. a, ,-.,,- th.u fMFoll ~. n rve ult_ a,.

shnr in 1 . 2 : a) ither as a d.r eane in the total a ..olf at :tti1 

cent:unL.s 1 n Lhr dough an1.:d the "Lor Lil a" in -l 11 mpl .en b) he 



decrea:.e was hi'jh2r frcw ; corn to douqh th-han -Fr-nn douali to 

"tortilla". Th di ff ic.c.s bet c lipL.me co centratiuns vol -oyved 
and beLt j(21: c:'coci i -I n,f2t. I Cd- r-e reit :tat- -it caa ,,' r. i -ere r t..t a 

£1 .~i - ,.. 1,'C..?I I cf O.53. Th e £tt.o0, , Ir - L-J'dCct i 01n ir'cJm CarO-n to 

Ca(:LIgh h.ii.- qh! i l r C9sii.' V,:i! ColP.,.,( L'J t o 7 .67% of the 

oriciUnl ',n] tr' on dry b,-, i: Frcam cor.i to zortil I it. ja Iigher
 

t or s 
 a I .: 2 . dc , C'. C'' and '7-'. :5' rec r'c-c:iLi VC. V. Althouilh we 
1o uriH i t U ,, d Lur in c L: ' i :;q: m a ii z W-ion " pr r c t., thin, a. VaT a .a d 'Le n- a.m:: 

a- ai. th::: i d r : i-- e Ct -f tn.,az - tccrfltLn cramr-t_ d",.' total mo'vals 

I ow-or t ::r tn :. alIJ/1ICEF:-:. h', F. VHOl-fS.C,'t.,, C1:H/t) in d USDA) 
ClC97-n'I) s.o~: nr-: 10 LLC,":T, ,'.j~i oa;t b.:r;l~. TIii- c.:nr:, ;it -Lal a=-i'decer 

it -- ot bc'c s or -ovjer I c,I.s o f aff I a o:: i t conta.j n:ti on 

CE: ,-t1 I) or tcimpcr,:2, t 0 to hose ' U d dur i n-. i i or d i naOr corn 

I I )i.' ,: he. L:.! I.Ict of I mE 'foLt-on the f0U a:l i t o: ' c it WEIS fOLnd 

that r. .:: i n 31 and 02 wErt-,, mre n uic ?ptiL to alIkal ine
 

h'/dr I 
 ..r, D1In ari' 1:2, bo inQ trcodLUC-d - n spree ca: ;eF in z d0ix, 

NaI:: xc; . dT:'t I <iCi Cr:i;,,-) r ) of o.'r rc-s''..] t con::rr iin in i.",a o:-:in
 

rcddt,L c: C: ' cor n 
 wi th thi K .- 7ar c,: 1 - ter-aturo E-,: i st m-1 cDim Io,/ in C, the 

n;: i. _ J nt o. : m t, t'1vfncc't". i'." ncmr:i. t%f q ItC; sty b,- 1 -'C2. Fircst
 

v)C( 
 auC .:. at cc, ::. n in'r c, 0
L-,c? c-I-I n: i the , L !,,- t o dj 'T"pI i e F 

a III ' ; C ) ,; . l ' -ran-' i-, .'f h I i'.e tot w 1nt. 

h--.t--;I f oo.d Jr, £icuisJ ric in t -: cala. 11[K' tvc'racjcs Vin3 Lt-U 
a .f :12-f -::,- :-n I- I cas.,)r. a 1 n i: c; I Q -:-' '-: c it to, UCxc Vl-,. r ' 

o i-c c t. t)i li. I . M t _r)t V aIt.I :i fr I- I - 4-t . ' ru-,m 

tsi ci,.t' I~fl h, ctc:- C-, . jIFtiL-,fjtha' L ,:,aai ab:v'! -- ruo:'imo '<Ci :-'-: xLIt- n a r00i . r I a1. L w -) I i CI 
v an]ue - w.-are o ht i ned {to ni t h' t ~on an.- iy:; ca -r I .cJ o~ ,.a t -i ii r'.
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conc nt Lrati c)ir- {or the two (o i::r... ln ethcds. I'M - ork c:..-r-i 'd OLL 

by U II 1c;a- , orrc~lr2 : (11'770i) *corn 1i i no':tJ iiwd d~1i c- spore.C',i 

mionsus :;~r, A. f la vucs ;Lrain.:: number- XY -- (no ,:i,:t.ei on La nado, ci-F 

th t:.! cncc. n r .,t on U C. and iincubatted i t 2, krI-ci 10 r-ci I t v 

hUm dI LV fv0- L(C--k To pi F )are "n i Lama I con tao i nat C-d c)rn 

s fl . 2 '5-- i . "lT ,II I o-J v, i.II I jillkcW-1 t -; : UiLitj. i (1I X fTO-- C ,I.i(]-0. ,' LtM c? 

ro ciu .c. , F r. h,l AOL thot l rQOr c-.C' , total ,ti1 ato, in 

r PcL L i F Y 2% 1 Fri thut ! d ULih c n i w -:':t ,ij2i qht LcI -'. 

Our Lr-I Ulct I F ICOLtl:LU: t!. iLiri nq t -t,:i. i. a p rc :F:r a tt , w, r-e hi cjlc.r than 

t c . . . . .... r._-c - I o .- 2o - :id E ih. . r)- ],S1 6
, . ) . Th .por-c -.l by 

p'r A'.r 2 c:I. 1aro d , t i - p oID"r Ib ID nn I f - -,i c-'a s: ho 0 ?l .L 

-f cu [!( Jr7J Ly LII I o a ,I-Id H21" r lr- JQ ' , di'- -t e IrC:- in thE flnOUFit 0-f 

1 Q:c Lc!c: 7.t,; V0 ,iL,) curec -'ii,cLC',!-V (Lv \.' t'F , Ld '-f the hiqI 

li. -. I Lfli c ,p) -, -'d Liviy t hr'-'2- aiatior' 

DI SIILIJSS I ON 

l-,u i -l i lI i.nc ivi .,,l -f- 1 at :: In:i con- irm r- S lIt cited by 

4 i i I ... ' 7, I 

..........
ba -;]. "_..i-7, t: 
 ,. C:, 2./li-.a cc ;.:.- to I -:---. 

C)c I n 75f .co at -f L _to: wh cc-ri c . / w Co,C.) Ed to cool: 

FI'-' i.;t th,' It 1l. i) C1i 11il t-1 - *Lo i - am a Ii1 l o rl -rc a;-.- 'n i 

"1~i r ~i-,:° m-ociL -:d F!,I and I .'cr; ci a - . nc El ;:2d to; u-..$-: Fo -. 21 [l-OUl" S; 

, . ,-' -o-f - I at c: jn 'c,'cr :cs , iw0as n :,a- qrc ,y_ a!.- hoc 

r,]i -,Ct,, c, . . ccid i .i tur f.;rici. Thei FLl e ' ',i- -vic-. ,. f riPn ;c::.qht bs 

,'c--l cl t _' L!:.--1i -- ,l L - .a l- .,-:. - I:;..: noL'ih y ; r c L ,':;iCLrnr wh ici 

lc i'i :A" , -- i 1'aJ' ci roltlr--l lud it ci - C~toui 131..1I.I'-C ,L If ].c c 

n:-E;t:'.r r-i:, ii11 :Cj.o iIiLl t1-- -l - :; i c; c , !-.:.  ) i-r n lt j 1 -1. .,r 

c::'c ',i ::or, u{ L- ' c c . PH , snilil f tditc Lr t i-n tc i coCi 

"
 
L!i( ! ( i i ' vl.r i 1']ai I1I 1 cal 1- IF,' " LiL I ,Imo nt o , cito.:t-L 
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To cump1 .i n t his facwthu au~thor n FAropn1n2 an.o auj Y. ref ormtnion due 

to ithp acid piHt conrXd~uncs. mw.n Wu r.wich Wat L.flactcin ng war4. 

c.1ov~u: again. Thiq impor-Link nutr:'4'l~ion nopvJ; to ba: c:hecI-ad 

pratrably amplui'- a 1 0jic7) test 

L c~r r to 1 ai 

Wloo.and Schroodlor (1:nc), and Price~ pt al (19051 whi ch sh~owed tch 

same tendencci', duncd L,' M1lan. which an ex*pl ainco by 2r.:Lwi tn ut 

Our dat cofim p: (C/ouv ocu by, Ullo nd Herrra. (1 970); 

A'~ (1775/) is maIily cuseccd by chc: 0oCfl.1l of tho. .15Con'' ring' in 

bac Ma~di" :13 can lead to :1. ctro:Lsi~c and/or' lAydrhl,:n boiidjnfl 

interactio "i ths :v.AEtrata. 

In nummaLh7(v . it co hi? tcacluded120 than1 whon .2-10/- lim(TE' Cau) 

cocenaItra.tion HorCT uK nd to IT)'p;are n] :tbrnal"'. dJ:unht1 and torti 11cc 

CCL au vo ,: colo03 nc broLe eaui I.v. The tI-ct: and~ flavor warv 

-strung~ to lio3 acnd p jci:onrjIe fr :lum~afrC. i It:1.:-1 con'curpt io 

Thn pur. ni lcvi'i requirw to prtc .:2Co tc.-t:. las :mpimumA In 


JV. asonc I ueKR W/~ The of li. normal] in b-AstuTmalsc in rura 

and ~Lwha ampo arm noci' or icci to ruti Df{ I ct level1so~'cto 1 owar 

In AI-~caoT studip, even ati the I ownsct LCiO concientratin) *i a higher 

dw=i-a::no 0V tota aatoiinEmAi ound corn - to dou'ihLr3 wasa trom 

rr vIp.vitio during We-"i; Ln-i1Zi. T 

Dur-' ing AplI 'i n cooping'c-' sAiin Ir' and G2 i n cor n were more 

nun~otni than' P1 ond P2; noivB!c woo wo resistaint thani 52.
 

(Aladc:*'mrc- cojrn vun t-ALTin' czor Auivy 1::Iir-.v anc nturagin 'Ictnd 

by'. doi COMOni~ et W-OO) thn ok:it) 1 'Aichal cxci a!Wc r' >ma~ion wh! mciv 

0L in 'th sc). ADOD"C'-ric n. t aDmA.72 23 'd bv Frcu anHcd ,JorqpH,1l.Of 

(INS;'it C '. to Lar -:-c cry, .,1ciblu n ancri In oviv~d ':',to; mnpJCa7 

http:JorqpH,1l.Of
http:0oCfl.1l
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contamination during its g-owth., harvest and [psterior storagn. 
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FIGURE 1
 

NIXTAMAI.IZATION PROCESS FLOW DIAGRAM
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 LIME WATER
 

COOKING
 

STORAGE
 

STRAINING
 

WASHING
 

MILLING
 

DOUGH SOFTENING
 

DOUGH SHAPENING
 

COOKNG
 

TORTILLAS
 



TABLE No. 1 

ORGANOLEPTIC CHARACTERISTICS OF NIXTAMAL DOUGH 

AND TORTILLAS AT DIFFERENT CaO LEVELS 

CaO 

(W/W) % 

2.00 

4.00 

8.00 

10.00 

Texture 

Fine 

Gross 

Gross 

Gross 

Dough 

Color 

Yellow 

Yellow 

Intensive Yellow 

Intensive Yellow 

Tortilla 

Texture Flavor 

Slight brekeable Slight limy 

Brekeable Limy 

Brekeable Limy 

Brekeable Limy 

is 



TABLE No. 2
 

AFLATOXIN CONTENT DURING NIXTAMALIZATION PROCESS
 

DOUGH AND TORTILLA PREPARATION.
 

SAMPLE 1
 

Total Aflatoxin Content 103 )ig/Kg-1 


Moldy Corn 

Dough 0.60% CaO 

Dough 1.87% CaO 


Tortilla 0.60% CaO 


Tortilla 1.87% CaO 


SAMPLE 2
 

Moldy Corn 

Dough 0.60% CaO 

Dough 1.87% CaO 


Tortilla 0.60% CaO 


Tortilla 1.87% CaO 


SAMPLE 3
 

Moldy Corn 

Dough 0.60% CaO 

Dough 1.87% CaO 


Tortilla 0.60% CaO 

Tortilla 1.87% CaO 


WB = Wet Basis
 
DB = Dry Basis
 

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 0.50 0.81 



SANTLE 1 

AFLATOXIN CONTENT 103 


Moldy Corn 

Dough 

Tortilla 


SAMPLE 2
 

Moldy Corn 

Dough 

Tortilla 


SAMPLE 3 

Moldy Corn 

Dough 

Tortilla 

WB = Wet Basis
 
DB = Dry Basis
 

pg Kg-1 


TABLE No. 3 

REDUCTION OF INDIVIDUAL AFLATOXIN CONTENT DURING
 

NIXTAMALIZATION PROCESS, DOUGH AND TORTILLA PREPARATION
 

FIRST ASSAY
 

B1 2 G1 


WD DB WB DB WB DB 


0.88 1.83 0.08 0.16 0.19 0.40 
0.14 0.26 0.04 0.09 0.02 0.05 

0.11 0.18 0.04 0.05 0.02 0.03 


2.78 18.99 0.41 2.82. 0.49 3.36 

0.32 
 0.97 0.09 0.26 0.05 0.08 

0.15 0.27 0.02 0.05 0.01 0.02 


7.86 36.57 2.06 9.58 1.56 7.26 

1.10 1.87 0.19 0.32 0.02 0.03 

0.51 1.19 0.12 0.26 0.01 0.02 

G2 

WB DB 

0.09 
0.00 
0.00 

0.19 
0.02 
0.01 

0.06 
0.01 
0.00 

0.41 
O.Ow 
0.00 

0.21 
0.00 
0.00 

3.27 
0.00 
0.00 



TABLE NQ 4 

REDUCTION C7 INDIVIDUAL AFLATOXIN CONTENT DURING 

NIXTAMALIZATION PROCESS, DOUGH AND TORTILLA PREPARATION 

SECOND ASSAY 

SAMPLE 1 

AFLATOXIN CONTENT 103/,g Kg-1 B1 B2 G1 G2 
WD DB WD DB WB DB WB DB 

Moldy Corn 
Dough 
Tortilla 

1.12 
0.24 
0.11 

4.69 
0.42 
0.19 

0.20 
0.05 
0.03 

0.85 
0.07 
0.06 

0.47 
0.01 
0.01 

2.06 
.0.02 
0.04 

0.06 
0.00 
0.00 

0.25 
0.01 
0.00 

SAMPLE 2 

Moldy Corn 
Dough 
Tortilla 

3.60 
0.46 
0.20 

19.55 
0.71 
0.48 

0.60 
0.08 
0.03 

2.21 
0.19 
0.08 

2.02 
0.00 
0.00 

7.62 
0.03 
0.00 

0.19 
0.00 
0.00 

0.72 
0.00 
O.bJO 

SAMPLE 3 

Moldy Corn 
Dough 
Tortilla 

10.32 
1.08 
0.11 

38.81 
1.61 
0.61 

2.51 
0.21 
0.20 

9.44 
0.29 
0.18 

3.98 
0.06 
0.05 

14.99 
0.09 
0.09 

0.87 
0.00 
0.00 

3.27 
0.00 
0.00 

WB = Wet Basis 
DB = Dry Basis 
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AFLATOXIN AND TORTILLA PREPARATION IN GUATEMALA
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Aflatoxin and 
Tortilla Preparation in Guatemala 

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

Maize Isthe cereal that has both the 
highest production and the highest 
consumption inCentral America. 
Present production in tile region is 
above two million tons, most of which 
is used for human consumption: front 
5 to 20% of the crop, depending on tile 
area, is used for livestock feed, 
especially for poultry. About one-third 
of the crop is harvested during tire 
rainy months, In the field, major maise 
damage is caused by insects, birds and 
molds, tihe 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 early harvested maize (May to 
Novenber) and in areas where rainfall 
is scattered throughout the year, as is 
the case in certain parts of the Atlantic 
coast. 

In Guatemala. where about half of the 
maize In Central America is produced. 
maize Is mostly consumed as tortillas 
(flat, unleavened maize cakes), which 
are made by the projess called 
nixtamalization (Figure 1). With this 
procedure, maize grain is boiled in 
lime water (CaO) and then left to soak 
overnight. After draining and washing, 
the grain is lightly pressed to remve 
the seed coats (pericarp) and exce.,s 
lime. The resulting ni.xtarnal k,then 
ground to prepare time tnasa dough) 
and small amounts are shaped and 
baked on a comal (flat clay or metal 
plate) on top of the stove for a few 
minutes. Most of tihe processing of 
tortillas is done on a snall scale, 
although there is an Industrial 
operation that follows the same 
procedure for producing instant tortilla 
flour. 

Fungal Contanilnation of 
Guatemalan Maize 
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 Aspcrgfillus (8.9,36), which 
produce some of the most harmful 
mycotoxi.is, tire hepatoxic allatoxins 
(7.20,30.37). Maximum contamination 

lwith aflatoxin occurs dunir:g the rainy 
season and in storage. Samples 
analyzed 20 days after harvest had 
'7.t'Gxin levels of 130 pph, and levels 

up to 1680 ppb when analyzed 60 (lays 
later (8]. 

I,], Maize 

Addition of lime and water 

aIlBoing 
, 

Soaking Nixtamal 
,-t

[Straining 

Washing 

GI 
1inding 
Masa 

Dough softening 

Dough shaping 

rilllaa 

Figure 1. Flow chart, rortila making, 
Guatemala 

http:7.20,30.37
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Aflatoxin Deactivation Inoculation 
Muh research has been carried out on Spore preparation for Inoculation wasthe deactivation of aflatoxinl by various carried out according to the proceduresmeans, including insecticides (26.43), of Ilayne c al. (26). Petri disheschemicals (4,12,14,18.19.2,25.31,34, containing potato dextrose agar (PDA)41.45.46,49). radiation ! )Q.49). wcrc n:culatc ! w f, (I.z ml sporebiological Inactivation by acid- suspension of Aspergillus parasiticusproducing fungi (10) and by physical strain NRRL 2999 and incubated formethods (4.13.1,4,21,33,38,.1246. 10 to 30 days at 30 0 C for spore47,54',. Chemical agents that have production. The petri dishes were

been tested include the bases calcium 
 isolated in metal containers and thenhydroxide (12) and sodium hydroxide In plastic bags to avoid contamination.(18,24,25,34). To harvest the spores, the agar surface 

of each petri dish was washed withIn addition to reducing aflatoxin 5 ml of 0.1 M phosphate buffercontamination (35.51.52). u-catment solution at p-1 7.0 with 0.1% Tween

with lime has xern found to improve 80.
 
the nutritional value of maize by
increasing calcium values and lysine To avoid gcrmination. the maize grainavailability in the glutelin fraction of was treated to Inactivate the germ andthe protein (50). It also proynotcs some inoculated with the spore suspension.favorable changes in amino acid The inoculum was distributed In petricontent (5.22,29). dishes containing 25 g of grain and 

incubated at 210, 280 and 35 0 C. TheThe experiments described in this grain was sampled after 10, 17 and 24paper were designed to dermine the days and analyzed to detennine
effect of tie nixtamalization process aflatoxin levels at different

(alkaline treatment) 
on ailatoxin- temperatures.

contaminated maize, quantify aflatoxin

reduction, and determine whether 
 The germ-inactivated maize graintreated material was safe for human (240 g) was placed In wide-mouthed
consumption. Two different assays glass jars and inoculated with a sporewere made, differing in spore suspension of A. paraslticus.concentration of the inoculum. Concentrations of 2.2 x 106 spores perIncubation time and temperature, gram of dry maize were used for the 

first assay, and 4.86 x 106 spores forMaterials and Methods the second. Sterile water was added toIntact white maize grain of the obtain 25% grain moisture. The jarsImproved variety Nutricta was used in were shaken to distribute the sporestile two studies discussed here; it was and incubated at 35 0 C. Controls were
not treated wilh fungicides. Nutricta 
 prepr :ed without spore suspension.has a high nutritional value. with Samples were taken at three, sevenlysine arid tryptophane levels twice and ten days (first assay) and four,that of normazl maize. The grain was seven and 'ten days (second assay) tofirst dried in a pilot plant-tray dryer be submitted to the nixtainalization
using warm air for one hour at 800 to process.
85'C. This was followed by it period of 
live steal" lnUmidification for two to Nixtamnalization 
three hours, umtil the grain reached a In the first trial, the amount of limefinal moisture level of 25%. suitable for commonly used In the nixtamalization
fungal growth and aflatoxin process in home tortilla making inproduction. Guatemala (1.87% W/V. 3.00% W/WI 

wa3 tested as well as several higher 

http:35.51.52
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and lower lime concentrations (0.03 to Results and Discussion 
10.0% \VIW). The objective was to find Aflatoxin levels 
a concentration level that would permit according, to temperature 
easy hand removal of the pericarp. and incubation time 
without alteration ot the organoleptic Production of aflatoxins B1 , B2 , G 1 
characteri ttes of the dough and the and G2 was determined for three 
tortilla. Lime of industrial quality wvas tcmlieratures zampled at 10. 17 and 24 
pulverized and sifted through a no. 1-t days (Figure 2). Diener an-I Davis have 
mesh screen. Cooking timc.a from 20 to reported that the optimum temperature 
40 minutes were studied with an oi)(e range for allatoxin production ofA. 
kettle (domestic) process zmd an parasiticuson natural and 
autoclave (industrial) process. Data sclnsynthetic media is 25 to 30C for 

were recorded on p11 changes, the 7 to 21 days of incubation (6,17); 
amount of water added to the cooked maximum production of aflatoxin BI Is 
grain to soften the dough. aiid the tlutc obtained at 30' to 350C, and G1 , 250 
and temperature necessary to bake the to 300C (15). Tie ratios between GI 
tortillas, and B1 and between G2 and B 1 have 

been reported to vary with respect to 
In the second study, four 250-g temperature (17) and incubation time 
samples of contaminated grain were (.4) (Figure 2). 
mtxed with lime, two with 0.6% \V/V 
(1.0% W/W). the opltinum found in the Results of the first of the studies 
first trial, and the other two with the demonstrated similar patterns. Most 
home level of 1.87% W/V (3.0% \VW). aflatoxins Increased with incubation 
One sample of each concentration was time, although sonic leveled off after 
cooked by one of the two methods, in 17 days. In only one case. G2 at 350 C. 
an open kettle at 940C for 40 minutes a sharp and unexplained decrease 
and in an autoclave at 1210C (15 psig) occurred. In general, more B1 and 132 
for 30 minutes. All of the cooked were produced at higher temperatures, 
samples were left a. room temperature and more GI and G2 at lower 
overnight and then washed several temperatures. Routinely, a higher 
times with tap water and ground, production of the four aflatoxins was 
Water was added to the dough to observed at 350C (Figure 3). For this 
soften it, and the tortillas were made. reason, 350C was used In the second 

experiment.Chemical analysis 
Moisture was determined for duplicate Lime levels in the 
samples of contaminated grain, dough nixtamalization process 
and tortillas, by drying at 1000C to The pH of the original maize-water 
constant weight (1). Aflatoxin levels mixture was found to be 6.0 to 6.5, 
were determined for the samples for which Increased to 12.0 when lime was 
lime level and cooking method: added. Due to the buffering capacity of 
aflatoxin content was determined by maize grain, the pH did not change 
the AOAC method (2). Grain significantly as more lime was added. 
contanminated with a known amount of The pil decreased to 11.2 after the 
pure aflatoxin was extracted (92%) and maize was cooked and to 9.2 after 
analyzed. Quantitative thin-layer three washings. 
chromatography was carried out usIng 
a densitometer (Kontes, model 800), Organoleptic characteristics (color, 
and measurements made following the texture and flavor) of the nixtamal, 
procedure cited by Stubblefield ct al. dough and tortillas were normally good
(48). Filter excitation and emissions of with lime leves up lo 1.87% W/ (3.0 

365 nm and 436 nm were used. WIV). When higher amounts, 2 to 
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10%. were used, the nlxtarnal, dough 1.0% W/W). kenels were sft and easyand tortillas were yellow, becoming to peel and had a normal coor. thedarker as lime increased. The flavor of dough and tortillas were fine textured,lime also become objectionable. With and the tortlillas were elastic and didthe optimum llmc level (0.6% W/V, not break easily. 

Aflatoxin 
(10 3 kg) Aflatoxin 
90 A (10 3 Ag/kg) 

9.0 B 
7.0
 

5.0- 7.0
 

5.003.0- 5.0 

1.0 2.0

0.5- ~1.0

4 12 20 24 4 12 20 24 
Incubation days Incubation days
 

Aflatoxin
 
(103 g/kg) 
3.0 C 

2.5 

2.0-----~ B 1
 

1.5- ,- -....----------- B2
 

1.0O 
 - GI 

0.5.G 

4 12 20 24 
Incubation days 

Figure 2. Aflatoxin production in maize grain at three differenttemperatures, study no. 1, Central American Industrial Research 
Institute. GuatemalaLY 

1 - Aflatoxin production at 210 (A), 280 (B) and 35 0 C (C) 



302 

Cooking and baking (Figure 3) shows striking differences. In 
Optimum autoclave cooking time and the second study, aflatoxin BI was 
temperature were found to bc 30 predominant, while GI was highest in 
minutes at 121'C (15 psig): a longer the first. Practically all aflatoxins were 
time was necessary when the maize produced in much greater amounts in 
was cooked under atmospheric the second study, undoobtedly because 
conditions, the optimum being 40 of better fungal gro\vth caused by the 
minutes at 95 0 C. The baking time for higher spore concentration. Afliatoxin 
tortillas ranged from 1.5 to 3 minutes Bl had a seven-fold increase, B2 had a 
on a comal at tempratures of 180 to three-fold increase. GI increased about 
2501C. During baking, the Internal 1.4 times, and G2 remained almost the 
temperature of the tortillas reached smle. Hesseltine ct al. (29) have 
94 0 C. pointed out that GI is always 

blosynthesized along with B; If 
Aflatoxin Levels neither Is present, 132 and G2 are not 

in the Two Studies found. 
Aflatoxin levels were determined at 
35 0 C for three, seven and ten days Afiatoxin Destruction 
(Figure 4). The levels of toxin produced During Nixtamalizatlon 
were higher In the second experiment, Aflbtoxin destruction in contaminated 
when a higher spore concentration was maize treated with the two lime levels 
used in the inoculum. Comparison of wai determined (Figure 5). A decrease 
these data with those of the first study in aflatoxin levels in dough and 

Aflatoxin 
(1O 3 1tg/kg) 

2.0

1.5

1.0

0.5

0A 
BI B2 G1 G2 Ell B2 G1 G2 B1 B2 G, G2 

2100 2800 350 C 
Figure 3. Afintoxin production In maize groin by Aspergillusparnsiticus 
at three different temperutures. study no. 1. Central American Industrial 
Research Inbtltute, Guatemala 
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tortillaswas found for all levels of 
contamination, the decrease being 
greater from maize to dough than from 
dough to tortillas. '[lie reduction was 
more pronounced with the higher level 
of lieric. The effect of alkalinity was 
more Important 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) and 

Price et a]. (4 1) regarding aflatoxin 
reduction with alkalinity. This Is 
mainly 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 employing a trifactorial 
design (11,39). The parameters and
levels used Included incubation times 
of three, seven and ten days for the 
first assay and four, seven and ten 

Allatoxn 
(1joS, g/kg) 

& 
 A 

:1 ' I 

- 0B


0------
 G
 I
B2 

4. 

2-

days for the second, two lime (CaO)
concentrations. 0.6% W/V (1.0% W/W)
and 1.87 WIV (3.0 W\V), and two 
cooking methods, open kettle and 
autoclave. 

At significance levels of ((15 and 0,01, 
no signifteant difference in amount of
aflatoxin reduction was found between 
the two cooking methods or the two 
lime levels; however, the difference 
was highly significant for the three
incubation periods. rtliere were no 
significar.t differences among the 
various Interactions of incubation time 
and lime level, incubation time and 
cooking method, lime 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
sufficiently to meet the 20 .tg/kg
standard suggested as safe by
FAOIWHO/PAG/UNICEF (22) and the 
US Food and Drug Administration (23). 

Afatoximi 
Anatox h 

IoB 

A-------- BI 

B2 
- G-

A 

4

2- -

3 7 10 4 7 10
Incubation days Incubation days

Figure 4. AfImtoxin production in mlizegriinat 35 0 C, Central American 
Industrial Research Institute, Guatemalan/ 

a/ A = study no. 1. B = study no. 2 

http:22,34,48.54
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Aflatoxins GI and G2 were lowered 
more by alkaline hydrolysis than were 
B I and B2; In most cases, they were 
reduced by as much as 100%. rh se 
results confirm tho,;e of Codifer ct aj.
(12). Through the nixtarnalization 
process, aflatoxin reduct!on from 
contaminated grain to dough stage was 
82.5% on a wet-weight basis (three
days of licubation), 89_2% (seven 
days) and 89.6% (ten days of 
Incubation). On a dry-weight basis, It 
was 86.1% (three days of incubation),
95.6% (seven days) and 97.3% (ten 
days). The equivalent values for the 
reduction from contaminated grain to 
tortillas were 89.6% (three of days 

Aflatoxin 

(10 31g/kg) 

14-
Li]-Contaminated maize 

12 II] 0.6% lime 

10- 1.87% lime 

8

4-

Maize Dough Tortilla Maize 

3 days 

Figure 5. Aflatoaln content of dough 

Incubation), 89.2% (seven days) and 
93.5% (ten days) on a wet basis, and 
91.8% (three days), 95.6% (seven days) 
ant 97.1% (tenldays) on a dry-weight 
basis. These results are an average of 
the two assays at the two lime levels, 
two cooking methods. and different 
numbers of days of Incubation. 

Conchlsions 
The levels of lime normally 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 use d. dgh aflatoxIn reduction 

Dough Tor.ila Corn Dough Tortilla 

7 days 10 days 

ad tortillas made with 
contaminated naize after nlrta.,njxlzation with two different lime levels,
studies no. 1 and 2, Central American Industrial Research Institute, 
Guatemala a l 

~JDetermined at 35 0 C 
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Is achieved; however, the resulting 8. de Caunpos, M.. J.S. Crespo andtortillasare unde~irablc. During E. Olszyna-Marzys. 1980. Bulletinalkaline cooking. aflatox1,.ne G and G2 of Environmental Toxicology 
are reduced more than B1 and 132: B 1 24:789-795. 
is reduced the least. In all cases, even
 
at the lowest lime levels, a decrease is 9. de Campos. M., and E. Olszyna.

shown for total aflatoxins during the 
 Marzys. 1979. Bulletin of
nlxtamalization process. Environmental Toxicology 
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fiRuture of Lhc? viuaU cell wal wa studioa d. sod apcc'dure 10o

ob~tacining a high pa~rcontpuom of brok.:n ccils-from thyyoast w7 

duve~l oppdi. A pruc'ty'.n concn vtrak~e "no~ ob to ':' f ro thr2 cull Wall2 

frog0 por ~a n. Tecchnviques; w-re dovoloped to obtain thn oruccin 

an cent rotc with low 1coloIf norLcli: rai ds. 

Differeon t levelsc of prot in can cc :onortwo added to dougrh ma~dec~ 

from curn of tlno Nmr'ictvo '.'riety. Ihe r';o.ltia tortilla war 

.;u.bitted to a tast:D pans! -for sornor. evalnon~inn a~rt to ro::ultL 

tnre ann-: d Ft:,t: ticoil-,. The hi nrcst I r::... 0of~ nrcn>.xr 

tht-iL did not nmo artyuiv WI: 2Cc .. c:1 "Iaccapt.Noni WC ..


The nuln ,i c aocidci: erm r-educed 9.1%7and thq protei.n inreas~ed 55 

wi th r-emr rt to the initia v'easnt. 

in the tortiln 1 WHO:irit the ig hest accoptabloe Io''c3 of 

wupp 1:mr t i on,*c rin contont incryac o: d LOX7 when cunn rad to Weh 

conrr-o? torti 1 2-... ind a sioni fi c>nt rinmr)u-n2t in 1 ,.;inie rconitent 

wic nbc;<-vud. Oxalr:I c .qi ccI7joncent wn. rn-c hA in KC An rQWC~ur &J 

1
1r''.'o whioch didc nnh~I- rocr),,;nt a 11 if ino { 0kr r ihou 0o f 

http:nrcn>.xr


RESUMEN 

El cib ieti v lv umtt ~cl1d I-O.' t(~1d 

I t~ i1,tj 1. o nt 

a I p>td 

-o ci frJ r, I c btnt rt.~ 

ik p-u-ti rdcs., cm cj:: cv d.'~ --- < .,...... . -r- C),verli u! It' 

C-401-111a p 1lt p c :v j-a CIE' ho ~i 

~- tc?ro:Ti , fru s c ' i cic'rt c p E.-at 1Cgr-Zlr- Un al to porcerltij c, 
dCJ. om.1pimi~cnl-lo de 1 pared CJ21 L( ar c~lo II '/zk~Le: Va ~ r 
d i c i r i rt c? b I-e cc p,.rcs;J QQ1 ii IwCAI, E 1 b ec i~.
 

Pi0'dir~ r t( .11-'a ( o cFt O
lL tenci- Io- ~iIn r cc pin con 

( 1 M&-.,a al n::., acr di:td ' Utr i C: :- vc cc cisron df r -~ 

ii~~~~~~~~~~~~~c~~o. ~d rt~ o j.'cns torti i- P ro 1~ ftu:-s 
L?t i da c '.'at I, .: n0:3 In z:--. V :~j~Lco;'~tr±d
 

V ~rr a-C
~ ~t011 I e. o -aA~ ec s0i ic i*&. ~ ; n c 

S' ri 
L)4ri 



En Ian~ tortill.as con~ ui m~xiwm ni ''l do Czrmcntrad pro~ ( 

esa m-o wu incremit Ai~ caicm nFidu Wu. "otwn 
 60 co vpeu~
 

a lo 1.c t ilj..1 n troj wc obru sni.' un~!~-iLnfor t. Ii. n 5v Qi 

Mina~. E~I ccrntcjnid"~ cdc Wdo n.:u.J i cio Nobopi 10 vuL ya w 

00 . t Lur 1 *itntPa:~ra cA UM' do 1w& . am-daa on un pzcuc 

dop: nadcj L~ Ucann~umc humi~o. 
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I NTRODUCT ION 

In someo ara of Latin Ameica thpr"* :eiststa oratei whrtg a~nd
 

dofficriLncy. in tim human diet 0.2nI y duoACto nu~tri.ti onal iab'itsn. 

availi )i Ity a.nd ::-i ce u! food . in nor t"rn W>nt,- 1 Americ a nd 

Mex>2ico:. wourn iso t he prinip.. rncurco of I= Qone2r(y anrd veynale 

proteiH in lowi - in:co grFoups 0! the pou. :Li on . Wri no Emsue 

mosen ti.1 v i1 tir: form Wt tcr-t iW5. 

(AIthoc' cor-n proteain is dc + {icient in 1yoane and tr ',ptophan (1), 

now221 .. '.'d varitie0( nave12bon W davel opidin- throughJ pl ant breadi±ng 

op= -fohaollIoQd thasm houn to .:ctplumero and vr' h Wua 

nutaLritionCal valu.1 ox hn m~rotoc~in t hrourk (111n w.ith~((UthiO foo 

ra-teoi-I n2 nnd c!daooi nr proccnal.d -food pr-ndwatn' (2) . Macny, 

v''ge2toblA -1) 02.1 sour(ce .o usefd ::uol?I M boo L ii crntL i n thn pat 

In--j1iWLof amp Ioying ml cu-oh I.l bi ;ano I-rom dii 1cr nt 

Inca r Wuu rIal oro~euni rm tychroi ov for p~rodc.i(Jng minruhia l Woim'~i 

-frorn a . ri o :' di2f 1r-or raFc-w maL-cr i a1 han. -f vorad the dcvriurn-nt 

uf Vi * con Linuor. :. lrtiu of £;0b2121-02C r.u Iti vot on in sat irr<-d tankp 

hr orra :1:22 And tbc: uppr-;iati on of thc m.icr-obic bimn e.id.nol!2Z, 


Am n a n aoa ,~!~aw stca.haoit. L 4ccatLI'man;t 2 Lv 1~lrd. n"6 raveC'!.a 
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infdustLr~I L. ~1riaTcuinio produco such pr oduIr 434). Thoth 'rl.d 

..rll1inq irca mus:t hoQ coopo...L!L\'e :1totnQv sn.tvs 

:ubsra . < anrd iicoth cu ndi tior anr2 1: appruo ' :..Lo WW.
 

nti.riti:onnr~il1 P.i 3.N n 1t :csiaro aci= as in~ tytcal for al
n ci ri fur 


ri crciory Ki ono.. K). 1L m.rijcr 
 dj si.bacv Or Eaivncallf waJl.! 'Wi i.t 

W af c w*i t~h prr::!.in digo-L i on (0,.7), W2 r :.rt o tio.th nt:c fc al in 

Aid AiI1 orr c ccrpcundsP (0) and a~ raUtherr higch i 2 cid(6-10 nuclic 

W e in for U beordetr ypavL to incor pr.:itucJ into humaq tnodjr 

pr odiict:., coti pror~civing Ftc;pr armC) Fhcc-d loU) trcum'rt thiu 

.70 ticnad0 2 pr obl2om1s5. CP1 1 J. ruLp!t.Yirs andt prr .v in cupce: fit ratin c an~ 

to mcyirUhiih cr1 c al ci in FdUok Kv alj * c anA onzy:vc fithhiihl a1.oic (h i nt 

rc:.r~qi s.rr (Y2. 1) anod nu~luici c:id thnp :rat rn Wio ca Ono , . 

Wei1 Ca. .1:tiv work jrm hivehnt 

c~.I o in nucleic aid . 1:1-Lcd- tou 7 i'toa wk cor 

douhijl f hi Lori i21a pirirt- rL:on. [ho Niri ntum .imu nkit cha~t thotci o: 

of~c thpr prevonrt i to rrbrcin m p.rot!c'Iir 

MA(TERIAOLS3 AND ME rHIUDS 

http:prr::!.in


Yeast biomass: 
 Ith yeast - plo/,,ud in the 2';2.'crimltc-a OJifs d
0bL.eii 


cirecti,' fr-om AC Wol:1 run n.oc- ..-. ,.ntirq .-.a mj::t.,r, noP virginI arnd 
hlac[:ctir cans mo' ses It j~ :'wasi O1;inl 4c!r-:I: 

j..j: strai:. in i2E-pthp , , orv 1: nad ::.n ..- d,
ac.i cd i.r <.-. W.Aiz iod 
an c ,,icr god. The pa was.ntu Lu;i:,ight to rho lar. '.n,;, a'
 

Iroeozt- i..
ud.
 

Cell wall breakage: 
 all tho t est, or bre.al:i-g the yuast cell w-all
 

.ar'e dnc bi merchan-ical +ricti on iplying a labor-atory gl. :-: bcad 
Wii-tj. tLcr--iTTrnr -id at 4 . ThQ head ,inma:t n q 0.3-0.5 m. 

Frotei n concentrati on: b:si cal 1' th methc.ol ig, of HF.denrn:i:a}i arid 

M'1ogrcri (1..) wasi: l a', ollc. The call 1 ':F r i from the ma :ch:; ,al 

Cl'l wall dj aLfLC~ a- wasv con iciWe "nly ce"spunt 

...... ard. : pI :pH:m a'_i 
 -:tu:! 
to 95.U, -, 'OI LiTo r; a 0 M I 

E.r,:t.111 IUiJ'UL .. ."or ali Mi: tt".O *'ba 
 wat , ar'" l "'. [ it. ,y to .:Y? a ci!t 

P L at: t is% 3 'flar ,.2 : ' foror ',' .Of -,.[ al8 c ip tipi wa.at' ' '::a 
A -. ';'"a'h ci *'1'.i., 4-it 

and f.,.*a,' dr-i.: cJ 

Tortilla nanul+acLLre: thu dtailcd desc:r'iption 
of. this opera.tion
 

has b..v bl ii: :laoiNh:' (1 1). Corn fr",om the impll-Cved 'lutricta
 

Orgqanolo.ptic evaluation: 
 ti-til1a: maie 
 iii Lh c:ur- ano cc:-ra- t
 
aridJ 22 ,i.- ,:,-(.j If i a,:I-:E{.r'5 g -. ,l .-- '.,! .- - 77' .1" " .,,,.I g] ,, il(fS.- A . for flavor,wr 

c2r1 a1ima 
acf,. V,. . ti 1., 1iJ 1i--k*jtoir - ' iis- -,l [la].n{ T m iiq q;ixm idLrdt 
pr'rodn--:n (12) . h wefh' eO'
-"u ITh . ' :otu"II=:,t]],,, 
 ov?,/_t uthd ac I al 

http:methc.ol


siif6i C13).ZX. of j cance 

Chemnical anpl1yZ1 s: moinrttiro and niLtrogen were:FcdLotermined by the 

MA Lods ( 11,15); pr'otein~ hydr-oiE ,~i~for amnino acid 

u Armn i acanrdinii to Kisu-r Et. VI C11); ;mrio ac:C a!cnal1ynuV . by 

1liqu.id acmlatugrv.-hV in ani Ltoanalvor;-nucil ic ac ids ac~cordi.ngc to 

Protei n off ici ency: at in determi ned from the amnro ac:id analysis~ 

cmployina 
Me uquari ons of 00Alreye.r a al (18). 

RESULTS A~ND DISCUSSI( .4 

call PM .2 . rc kVa was: studied M~ a functi on of bi omass 

U.nr:. :..aonQ and ti mL wh ich area thwmi0 i±mport nite var iale
:~ 

Ior 

(:19). vasiu ±ts sru non ~:c i n Tabl I1owhere i t is rennr t hat witha 

05tai: rcd .aft.:r a 5cii ptinU LimuU 0 Amin. :LIOLOLK-.(A monic:ftcal. 

Cracstown:rt., as Qhn . t. 1one obta.i nc- harm how it var:t mmo o'Ver 

n~o~cv duem &Mr ::i 

oc.'.1 up and !::; npur 

.... cho or or::n:-*stl ~as. it can bQ 

cr opkimiza:d (9,10). C&] aM sa.:: :ion 

ha crv'' ; a.i.'c~jr L it i;ancrunspF±~ m:run:an: ':. :raticn Q), 

eliin ai:nL~ccloring r'-actions: nd coopcund- that.;might: ar:ir. atc 

gantr n ;Ljnr, - i -' .. znd " .~.o Ki 

It ajou pi-.-r:.n-.t cc;.:':ing cli sadw.aca: ik 

,21) Imp iurI'jIhi. i t (72? 

'roiwccz thr rrotaini
 

aridyjl a~r.dd:: .'nc. or LIv' f.ruJ npyr .no W propono 0.21....In 

ourti Cav t was. a n-in: oar'. pr~crclu-r. uro On
ci:- ittnnca- , iprmvp pnod.:u~ctI 

http:1liqu.id


iti LrL I Jlitrral:L- thn Pi:rim-2:t ii prcQ duyv -fu21i.:-'id Wn 011 31 

t:IhcprcI~in ctoncC.oinf:ae oInz& thew u:> wi.l1L 
 epara-dr.s-c hucinnIo 

anud Pr- '-f (10) vEomnp h pH1 YO 'J.5, Inno.-P- r we und WAut at 

Q.5 th puti.i r, api P1-r, in ayr- Or wiay KIM' 
 faV' slAT 

nuc-ic -cids 
(M2) 
 A, low WK! con4, 'ion Nv iUSE o no 

4'rtc 15' mcr p wen o:--n-- it hi'rc-- vliii. fln pru w
 

W ss4 'rpr cv-d the. coau i, op A, oiouin 
 r''pmi as Poncu-

p(vvhn) Q! 
 ' H-oo- wa-N noud-I Von uti-- the' 'r' '''nau Y'-,inat 

ii i~h--'-E-- (2,9 PY the roi 
 hnJ 
 shc ellia:' E af 

On i-'I inhiby - (20) l I lwal.- i'a--inq' -"'t r'cd j'rotcin 

A pro- i yi-. Jf 65- a 
 b~ndatr 
 elwl 
 raa 
 h
 

IQ1 
- protes.in contl unt o:uf tUP concq~nhr ate was 53.0 %- on drn'y bSh~A . 1h 

fokviit 
hot: 2 ].3!%, brince L 'aoi i ncreu oat~uf54.64 uc 

Lbin 
 wha am-mri':np thearn 
 twu p--jrroccts:. In thn' ii tratLVr a 

cucn--' 
 "I 5W.h% w-sL oblai s-c tfromf al ynas: witPh anl imia l 

pu oLbi : v ail LU rwcVic':n do) a:nd '5% ('i). 

The rlAiPQ arcin uutn u thu coui-c-n-cr':Lc' wias rather~i low a&i 2hw 

in it wo
To") 
 rc u n '. 2?.%-fr-nm Lhom ini 'ic- va u. i-Al 

wheni cinci' Ci~ii): th o products:. ir- \'tlu L in ccrp>'tt10 tn fit th: 

http:protes.in


in 

ofiC).~L ho dwcy hua nucLft- aci~d intiI:le~dic (230,71) whe~n 

prp~~on d.:OWIated3 
 lncall1V ;Tif:mni<t)Ifliza )n vdFso-tL.. it 

is viCani <cJ prV::K'ciLt-e :U:.d- c:,'-. I Ld lnJ wth the. only 

cifo-c'Lo th 
 on "n'... cumwwQ lyI whqc. thD Anu't nj ucs. uill 

emiw* ' Th'litcor~n dn~n ~M~io lsts'rs in tim' rsvcossn: 63.2 'j Fr 

th o L ili W 3%, W~rpe mom,~ MEW.C~ in, 109t ois) Cnt t ':'tiilia 

thewroandurs deci'iri Id. TVhe amou~int or'','c t Lwsan '.ju ria b t wei 

2.,A8
.,1 
 n 2%o 
 h onu 
 ry
1 I~at Mi.TO.,
 

is o.lt ng p)ccducsc I* . > comprn 
 an 


Oronii ti c L 


i to onl c~ornr au n 1: Ci in 

1UME Il do-i,, howacn :v&t AM(~ theowas maimufir,' 

amour: Df yiss-rt MotL caud bes adsmd to thes urcduct ith~ourt ipaJirin 

.a So o 1. M-- . VAs:::.u . prw ~ p l - . 

Pr -sai ut a) QW 

nno<a ac os 
da ta won ohta~i nadc c-iibo n',i t he p ri oin c:nciiintratc:i 

ati licv'o of 6. 12, 18.Land IY% on dry wrigcht bais. 
Th Cisili? type1 

o!t I i~ evalua5Ition0-ishovajdornaolp: 
 in thIzis cane th iii±t wn-s paibio± ic
 

W IIc.'J'p2 
 .tlz up to 18% wj thmut entah icshin uit'.1 encon' De'two*Cur 

the *crsr . hcd Dinct -- Q:iL.i Lhe C.~Lono] 

In fIb1Q 2~ i: ~in eas 
ily mmnn Mo~t tis£ccnOI.I5C ac::iptohiIo l.:u.'ilk 

hncd ISM' of irtin. 40ur whc i i tW . % highcu tha1 n th' contrMI 



I I 

prciuzt. rihu amounct ofC nujcluCi.cZtacd din W:s product iE£ it 10 

an&A prduc~ti 
 Tht a~irh~o Clys U, cnino th '1 tCrich iori 

nvr'd cenr) in %taistr ['liv* L0.0lF snva:r '

vniz I 1otzl' hiah-c tha tin v lu tm  
1h potl n~v i cn c 

~ionv (rh-ic PER; or tflL 11 '-lia tj t~1.T6
InWo \anV3
 

p:r u'.)t. OIL I ! qa v:j.cnt ttu j t fo '2'i.5 - his is rra Etn.v %-


FrrhIL COMMilENTUS AND (CJNCLUIJSrONS 

* V ' tl-2rit-a] r i"t] Qiuat~rinho; c ' that in ord-r -Ic. I nocrpcinn7 

;...n-v 
 um= z33
b LI cur Turc : rtote'inr n iiidigeuu c<jjhawr
.. W'L V -' 

1'-' tailn 4 Iy nooor t-o' us n 1UUV 

uf~ - t'1.3-. 1c - In vcnIlfifh L vv V~i' u I'n31311 ate U 

W ' r2tii. .1 h p.apa .a d ti a in3 onco p ip i i

3.33 brv 1 ckw the un vr m3311n r n y v W o3 r m t 



bi omacz obt atind in ..aI i.c pu-cy c-m nq vsnt'ulof strainz WI 

hav ac~l'ow f urituntativ me:ctabc c: cavpac:ity. 

Tho o:5,:;iiiun a i-unt of c cm -ntr,-tcy Ns MY, f'z the i": on d"- 1' ig0h

ba.xi.. The tcortil . h ' hr s,.n a: -clptjO... cnD-acvert ics az 

thE crii trol :;nc 3c 'i,.!iF W'm / d : wi t . r .on>A 'pro , ti:.. 

Th&Zc'chc2q' th" AT de!ped c..... a. hbe al.' "Led i' 

A
la cd othril, . rcci-. u innn c ..e .... ci t .a: yeast 

isc awrii at. 1 avncd moro'i mp or tant the pr v-in no;:zenitr-sti rcild 

addlcv Cucr in" Lh, iii'A'.ial ~fiJ7" of turtprdro instanit 
 ijl flousr.
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TABLE 1 

.CELL WALL BREAKAGE
 

EFFECT OF BIOMASS CONCENTRATION
 

(Disruption time, 15.min; pH = 7)
 

YEAST CONCENTRATION BROKEN CELLS
 
%, ......% 

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 TINE
 

(Yeast concentration, 10%; pli - 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 


Nutricta Corn 


Original Yeast 


Proteiin Concentrate 


Control Tortilla 


Supplnemented Tortilla 


(18% yeast supplement)
 

PROTEIN 


g/1009, dry basis 


18.84 


34.30 


53,04 


12.09 


18.90 


NUCLEIC ACIDS
 

g/lOOg, dry basis
 

0.00
 

4.21
 

0.37
 

0.00
 

0.06
 



TABLE 3
 

ESSENTIAL AMINO ACIDS 

g/1OOg PROTEIN
 

PROTEIN 

CONCENTRATE 

ISOLEUCINE 5,6J 

LEUCINE 8.94 

LYSINE 8.99 

NETHIOIiINE 0.69 

PHENYLALANIiE 4.09 

THREONINE 3.87 

VALINE 6.81 

* Mean of 5 determinations 

TORTILLA 

CONTROL 

1,48 

5,29 


2.63 


0.36 


1.58 


1.57 


3.03 


TORTILLA 
18% PROTEIN 
CONCENTRATE 

2.05 

5.59 


4,15 


0.50 


1.65 


1.96 


2.52 


YEAST NUTRICTA 
CORN 

2.55 0.81 

4.39 5.71 

6.36 2.53 

0.221 1.75 

1.62 1.48 

2.70 1.28 

4.05 3.42 



FIGURE 1 

PREPARATION OF PROTEIN CONCENTRATE
 

YEAST
4
 
CELL DISRUPTION
 

CENTRIFUGATION
 
(10 000 rpm for 15 min at 4 C)
 

SUPLRNATANT CELL WALL PELLET 

Washed three times with 
distilled water and centrifuged 

PRECIPITATION 

(pH adjusted to 9.5, equal
volume of 4.2% NaCl added, 
heated to 'IC for 8 s) 

CENTRIFUGATION 

SUPERNATANT 	 PROTEIN CONCENTRATE 
Washed three times 

I
 
DR IED
 



FIGURE 2 

NIXTAMALIZATION PROCESSUSED
 

WHITE CORN
 

MIX WITH LIME W4ATER
 
(1.8% CaO 11W-,, DW)
3/' 


COOKcoo,

121 C, 30 min
 

4 
LET SOAK OVERNIGHT
 

(16-18 h at room temperature)
 

WASH THREE TIMES WITH TAP WATER - NIXTAMAL 

V
 
GRINDING NASAM. 


,SHAPE DOUGH INTO TORTILLAS 

BAKING ON A CLAY SURFACE OVER AN OPEN FIRE 

TORTILLAS
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