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ABSTRACT

Tortilla chips are made from corn and sorghum by nixtamalization process.
Nixtamalization caused some changes in physical apperaence of the protein and
starch of the kernel. Gelatinization and crystallinity are of cardinal importance in starch
technology. So, this study was performed to follow-up the degree of starch
gelatinization (loss of birefringence and structure disruption) and the changes in
starch crystallinity during tortilla chips processing. Starch granules in raw grains
appeared as distorted spherocrystals, with a typical dark cross. The majority of starch
granules in nixtamalized samples were swollen, adhered to other granules and
exhibited partial birefringence. Masa had irregular in shape and often the external part
of the granules exhibted birefringence. Tortilla chips lost about 95% of birefringence.
The structural changes as evaluated by scanning electronic microscope revealed that
raw samples had a mixture of round granules from the floury endosperm and angular
granules from the horny endosperm. Starches granules are disrupted and swollen by
cooking. Masa had irregular and swollen starch granules and a cohesive, glue like
structure was appeared. Misshape starch granules along with more uniform,
smoothes and more amorphous appearance of starch granules were appeared in
tortilla and tortilla chips samples. The X- ray diffractograms of raw samples show
pattern closely to A-type cereal straches. A diffraction peak of a feature of V-type
starch was appeared in the nixtamal samples. Masa samples had the main peaks of
A-type starch along with developing a diffraction peaks feature of V-patterns of starch.
Starch was changed from a crystalline to an amorphous state as a result of baking
and frying.

INTRODUCTION

Corn is considered as one of the principal crops in Egypt and its
production is increasing annually. Corn production through 1994-1996 ranged
between 4.1-4.5 million tons while from 1996-2000 it ranged between 4.5-5.5
million tons (Anon., 2000). The produced corn is mainly directed for animal
and poultry feeding, although there is a shortage of cereal-based foodstuffs.
Therefor, it would be beneficial to manufacture corn as foodstuffs and trying
to introduce a new corn products to Egyptian food market. Snaks and
covenience foods seemed to be regularly consumed in developing countries
as well as have been long consumed in the Egyptian diets as popular food.
Therefore, corn should be used in such products, i.e. tortilla chips.

On the other hand, sorghum is the fifth most important cereal in total
world production. However, sorghum is predominantly used in Egypt as
*animal feed. Therefore, sorghum is utilized in this study to prepare cereal-
based human foodstuffs, i.e. tortilla chips.
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Tortilla chips are made from corn and sorghum by the nixtamalization
process. Nixtamalization caused some changes in the physical appearance
of the protein bodies and starch of the kernel. X- ray diffraction shows the *
differences in the crystalline forms of the starch and yields useful evidence
regarding changes in the structure of starch during processing. Differences in
size and shape of starch granules during processing can also be followed
with microscopic techniques (Paredes-Lopez and Saharopulos, 1982;
Pflugfelder et al., 1988a, Gomez et al, 1989; Gomez et al, 1992 and
McDonough et al., 1993).

This study was conducted to evaluate the grains for their suitability -
for tortilla chips production, thoughout follow-up the physical changes
occurred in starch granules during tortilla chips processing including starch
gelatinization as deternined by loss of birefrengence, starch structure -
changes as documened with the scanning electrone microscop (SEM), and
the changes in starch crystallinity as demonstrated by X-ray technique .

MATERIALS AND METHODS

Materials:

Four varieties of Egyptian corn (Zea mays) and sorghum (Sorghum
bicolor L.) were used in this study. Two varieties of white corn, i.e. single
cross 10 and triple cross 321; two varieties of yellow corn, i.e. single cross
152 and 156: and local variety (Dorado) of sorghum were purchased from
Corn Breeding Section, Field Crops Department, Agric. Res. Centre, Giza,

Egypt.

Methods:
Preparation of tortilla chips:

Tortilla chips were prepared in Food Technology and Dairy
Department, National Research Centre, Dokki, Cairo, Egypt. Corn varieties
and sorghum were lime-cooked (PH 10.5 to 11) at boiling temperature for 60
and 20 min., respectively (Serna-Saldivar et al., 1988). The cooked corn were
steeped for 8-12 hrs., whereas the cooked sorghum was steeped for 4-6 hrs.
The resulted nixtamals (lime cooked and steeped grains) were washed and
ground three times using a home meat mincer (Braun) with a 3, 4.5 and 8 -
mm plates, respectively. The resulted masas (PH 6.5 to 7) were further
ground using a home blender (Braun). The different kinds of masas were
sheeted, cut into circular shapes and baked for 10 sec. in microwave oven -
into tortillas. The tortillas were then deep fried for 1min. at 180°C in sunflower
oil. Tortilla chips were drained, cooled for 5min. and examined.

Analytical methods

There are numerous methods for determining starch gelatinization,
so more than procedure were used as a means of verification. Therafore, loss
of birefringence as examined by polarized-light microscopec and structure™
disruption as observed by SEM were performed. <
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Loss of birefringence:

Loss of birefringence was evaluated in water-glycerol (50:50)
suspensions of flour from grain, nixtamal, masa, tortilla and tortilla chips.
Samples were sieved to remove the larger endosperm pieces , leaving mostly
starch granules as particles smaller than 150 um. Bright-field and polarized-
light microscopic examinations were performed using a Zeiss Universal
microscope equipped with a 100-W tungsten light source (Snyder, 1984).

Scanning Electron Microscopy:

Raw corn, nixtamal, masa tortilla and tortilla chips for observation by
scanning electron microscopy (SEM) were dried in @ vacuum oven at 4°C
overnight and viewed on a JEOLJS M-25 scanning electron microscope at an
accelerating voltage of 15kv. Samples were mounted with conductive
adhesive and coated with 200A of gold-palladium. Comparable
magnifications and positions of samples were photographed. The scanning
electron microscope (SEM) JSM-T20 JEDL, available at Physical Chemistry
Department, National Res. Centre, Dokki, Cairo, Egypt was used for viewing
the specimens with different magnifications (Gomez et al., 1992).

Starch crystallinity:

The crystallinity of starch was evaluated by X-ray diffraction patterns
of samples using monochromatic Cuk radiation on a philips X-ray
diffractometer at 35 kv and 15mA. Lyophilized samples were placed on the |
cm? surface of a glass slide and equilibrate overnight at 91% rh and run at 2-
32’ (diffraction angle 26). The spacing was computed according to Bragg's
law (Gomez et al., 1992).

RESULTS AND DISCUSSION

To obtain a good quality tortilla chips, it is very important to follow-up
the changes occurred during processing and control them.Otherwise, great
variations in quality parameters of the product will occur according to grain
variety and processing conditions. One of the most critical aspects of the
tortilla chips process is masa texture. Masa texture depends on many factors
include grain variety, dry matter lcsses, water uptake, degree of starch
gelatinization and the differences of starch crystalline form in size and shape.
Therefore, starch gelatinization and starch crystallinity were measured for all
grains during tortilla chips preparation.

The term “gelatinization” generally is used to describe the swelling
and hydration of starch granules. This process is of cardinal importance in
starch technology. So, degree of starch gelatinization were determined and
followed during tortilla chips processing. Two different microscopic
techniques were used in this study to measure the starch gelatinization, e.g.
loss of birefringence as evaluated by light microscope and structural changes
as examined by electronic microscope.
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Loss of birefrengence:

Starch gelatinization is often measured by loss of granule
birefringence because of its simplicity in equipment and application.
Therefore, loss of starch birefringence as a mean of starch gelatinization
evaluation was followed during tortilla chips production using polarized light
microscope. The obtained photographs are given in Figs (1, 2 and 3) for
white corn (WC), yellow corn (YC) and Dorado sorghum (DS), respectively. It
could be observed that starch granules in raw grains appeared as distorted
spherocrystals, with a typical dark cross. The sign of birefringence is positive
with respect to the spherocrystal radius. The apparent intensity of
birefringence is depending on the granule thickness as well as on the degree
of crystallinity and orientation of the crystallinity (French, 1984). The dark
arms of the polarization cross occur along the local average axes of the optic
refractive index ellipsoids and intersect at the hilum (French, 1984).

The majority of starch granules in nixtamalized samples (Fig.1, 2 and
3) were swollen, adhered to other granules and exhibited partial or total
birefringence. However the maltese crosses of starch granules were less
distinct than those of raw kernels. Therefore, the initial stage of starch
gelatinized could be indicated by a darkened and enlarged hilum as well as
the interference cross begins to fade and eventually disappears as starch
gelatinized proceeds (Gomez et al, 1€32). Snyder (1984) indicated that
surface gelatinization causes individual starch granules to stick together and
form aggregates. After cooling starch molecules can reassociate into
crystalline regments (retrograde). Amylose crystallization occurs rapidly after
cooling of gelatinized starch, while amylopectin crystallization is a slower
process (Aguilera and Stanley, 1999). Both are located surrounding swollen
granules, thus they may be the main factor in the loss of birefringence of the
gelatinized starch.

In masa samples, it is easy to observe that the kernel was physically
torn apart by the mechanical cutting and shearing actions of the grinding
during the conversion of nixtamal to masa. Gomez et al. (1992) indicated that
starch of masa was no longer adherent and approximately 4-7% of the starch
granules completely lost birefringence. Starch granules in raw grains
appeared as distorted spherocrystals, with a typical dark cross. The majority
of starch granules in nixtamalized samples (Fig. 1, 2 and 3) were swollen,
adhered to other granules and exhibited partial or total birefringence.
Consequently, many of starch granules in masa (Fig. 1C’, 2C',, 3C')
appeared irregular in shape when compared to raw (Fig. 1A"y, 2A’;, 3A’;) and
nixtamalized (Fig. 1B';, 2B',, 3B'3) samples, and often only the external part
(60-70% total area) of the granules exhibted birefringence.

Baking masa into tortillas caused several microstructural changes in
starch birefringence and the physical appearance of corn components. These
changes were due primarily to the iniense heat which further gelatinized the
starch. The masa particles in the tortillas were cooked more in the centre of
the tortilla than on the edges. This was reflected by the differences in

birefringence observed in these areas.
<
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P
Fig. (1): Loss of birefringence in white corn flour samples. (A, and A’,)
raw corn; (B4 and B’) nixtamal; (C; and C’;) masa (D, and D’y)
- tortilla and (E; ard E’, ) tortilla chips. (A, - E,), bright-field, (A’,

- - E'), polarized.
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Fig. (2): Loss of birefringence in yellow corn flour samples. (A; and A’;)
raw corn; (B, and B’;) nixtamal; (C,and C’;) masa (D; and D’;)
tortilla and (E; and E’;) tortilla chips. (A; — E;), bright-field, (A%,
- E’;), polarized.
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Fig. (3): Loss of birefringence in sorghum flour samples. (A; and A’y)
raw corn; (B; and B’;) nixtamal; (C; and C’;) masa (D, and D%)
tortilla and (E, and E’;) tortilla chips. (A; - E;), bright-field, (A’
- E’3), polarized.
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Up to 95% of birefringence in the starch granules was lost after the
tortillas were fried into tortilla chips. However, some starch granules located
in the outside surfaces of the chips displayed strong birefringence,
presumably because they were the first part dehydrated during baking and
insufficient water was present for gelatinization during frying in the three
varieties under investigation .

Young et al. (1990) stated that the processing of sorghum grain had
significantly reduced levels of birefringent starch (12-15%) in the flour. Many
of starch granules that exhibited birefringence had only partial maitese
crosses with enlarged dark centre (hillum area), indicating partial
gelatinization.

Starch structure:

The structural changes of the grains during processing affect the
functional properties of the final nixtamalized product. These changes could
be documented with the scanning electronic microscope (SEM) which has
some advantages over use of the light microscope (Larry and Snyder, 1984).

Figs (4-8) are electronic photomicrographs of WC 10, YC 152 and
DS which represent the different steps of tortilla chips production. It could be
noticed that raw samples for every one of the three samples (Fig. 4) showed
a mixture of round granules from the floury endosperm and angular granules
from the horny endosperm. The more spherical granules usually have smooth
or more regular surfaces compared to those of the angular granules, which
are grooved or dimpled (Larry and Snyder, 1984). Similar description was
previously given to native corn starches (Gerard et al., 2001).

Starches are gelatinized by cooking. Depending on the gelatinization
conditions, the degree of granular disruption and swelling can very widely Fig.
(5) illustrate starch granules of different samples that were cocked in
Ca(OH), to produce nixtamal. The SEM graphs showed that nixtamalized
kernels of corn grains exhibited swelling and hydration of starch granules.
The nixtamalized sorghum grains had a variety of starch granules, nearly all
of which have collapsed during the cooking process. The dimples and pits
often present on raw starch granules (fig. 4) are no longer visible in the
nixtamalized product (Fig. 5). When the nixtamalized dried corn kernels were
milled for microscopic examination the starch granules were released from
the protein matrix cells while some remained packed in the original form of
the endosperm cells. On the contrary, gelatinized starch granules of dried
nixtamal sorghum which were released from the corn cell were aggregated
together forming dough-like structure .

Photographs given in Fig. (6) represent masas structure. Irregular
and swollen starch granules were observed in masa samples. Grinding of
masa resulted in the disruotion the grain structure, releasing starch granules
from the endosperm cells and dispersing cellular components and starch
polymers (Gomez et al., 1990). Swollen and partially gelatinized starch
granules act as deformable particles in a net work of dispersed starch
polymers allowing tortilla shaping during kneading gas retention and puffing
during baking. A cohesive, glue like structure appeared to hold the masa
pieces together.
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White

Yellow

Sorghum

= Fig. (4): Scanning electron micrographs of raw flour samples.
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White

Yellow

Sorghum

Fig. (5): Scanning electron micrographs of nixtamals flour sampleg.
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White corn

Yellow corn

Sorghum

4 Fig. (6): Scanning electron micrographs of masas flour samples.
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This glue probably is composed of a mixture of gelatinized and dispersed
starch hydrated and denawred protein matrix and free and emulsified lipids
(Gomez et al, 1992).

SEM evaluations of different tortilla (Fig. 7) had showed misshape
starch granules along with more uniform, smoothes and more amorphous
appearance of starch granules. These microstructure changes were due
primarily to intense heat of baking, which caused fast water evaporation from
the tortilla surface leading to a sever starch gelatinization. The sorghum
tortillas seemed to be more severely affected by heat than the corn as
indicated by the smoother and apparently more gelatinized starch. The starch
granules in both sorghum and corn tortillas were shaped very irregularly and
were swollen .

The SEM picture of tortilla chips (Fig. 8) indicates that most of the
starch granules were completely gelatinized losing their smoothness. The
most of changes mentioned for tortilla could be reported that for tortilla chips
where starch granules were misshapen, uniform and had amorphous
appearance. However, the granules were larger than those of tortilla .
Tortillas are exposed to very high temperatures (180°C) in a nonagueous
medium during frying. Avery low moisture content in the tortilla chips results
after frying. Ultimately, the tortilla structure is oily, dehydrated and set.
Additional starch gelatinization occurs during the first 10-15 Sec of frying
before most of the water is removed. Interactions between amylose and lipid
during frying reduce the potential for dispersion of starch (Gomez et al,
1992).

Starch crystallinity:

Changes of organized crystalline of raw starch granules during tortilla
chips production could be demonstrated by x-ray technique. Starch granules
are known to vary in their proportion of amylose and amylopectin, crystallite
type (Zobel, 1988) and extent of amylopectin branching (De Boer, 1891), so
X-ray diffraction patterns of such granules are subsequently varied.
According to X-ray diffraction data, the structure of starch can be grouped
into four types; A, B, C and V (Zobel et al., 1988).

Figs (9, 10 and 11) show the diffractograms of analyzed samples and
their respective crystallinity value. The X-ray diffraction trace of the raw WC
(Fig. 9) shows sharp diffraction peaks around 26 value of 17.5, 20 and 26.5
A, corresponding to d-spacings of about 5.8, 5.1 and 3.9 A, respectively. This
pattern closely matches reported values of A-type cereal straches (Zobel,
1988). However, additional peak was observed at 26 value of 11A (9.4 "d-
spacing value). The diffractogram of raw YC (Fig. 10) shows similar peaks

with some shifting where these peaks appeared at 26 value of 18, 21 and 27

A, indicating a d-spacing value of 5.7, 49 and 3.8 "A , respectively. Also,

another peaks were observed at 2 8 value of about 11.50, 16.0, 25 and 35.5°

A. Concerning raw sorghum (Fig. 11), the main peaks of A-type starches
were observed with somne shifts as well as additional peaks were recorded at
d-soacing value of 14.4, 9.9, 8.0 and 4.4'A. The shifts in the main peaks in
the scattering profils of different starches indicating some change in lamellar
spacing without changes in the type of starch (Serna-Saldivar et al., 1990).
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White

Yellow

Sorghum

vFig. (7): Scanning electron micrographs of tortillas flour samples.
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White corn

Yellow corn

Sorghum

Fig. (8): Scanning electron micrographs of tortilla chips flour samples.
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The X-ray diffraction patterns of the nixtamal samples (Figs 9, 10 and
11) revealed that structure of the native starch granule is partially disrupted,
where a less organized x-ray pattern is observed along with a development of
a diffraction peak at about 4.4 "A in the corn samples (Fig. 8, 10), whereas
this peak was observed in the raw sorghum (Fig. 11). This peak is the
distinguishing feature of v-type starch (Arambula el al., 1998). From the same
figs, it is clear that the intensity of the sharp peaks observed for raw samples
is decreased in the nixtamal samples, indicating that the degree of
crystallinity decreased with respect to that in the amorphous phase as
mentioned by Arambula et al. (1998). This indicates that A-type cereal
starches retain their initial “A" X-ray diffraction pattern, but the intensity falls
as granules gradually loss their crystallinity during the treatment
(Galliard,1987). In this concern, Gomez (1988) reported that during cooking
the structure of the native starch granule is partially disrupted, whereas
steeping results in a more like that of the native starch . Also, Serna-Saldivar
et al. (1990) stated that alterations in starch crystallinity caused by cooking
are partially restored by recrystallization during steeping.

Grinding the nixtamal to produce masa did not cause significant
changes in corn starch crystallinity (Figs 9, 10) where the main peaks of A-
type starch were presented at d-spacing of 5.7, 5.0 and 3.9 for WC sample
and at 5.8, 5-2 and 3.9 d-spacing for YC sample. How ever, developed
diffraction peaks were observed at about 15 and 16 "A for WC and at 12 and
16A for YC. It is of important to mention that the line at 12 A is another
feature of = v-patterns of starch (Arambula et al., 1998). The 12A line has
been observed before on starch processed under selected treatments that
include combinations of moisture and temperature (Zobel, 1988). For
sorghum samples (Fig. 11), it could be observed that the main peaks of raw
sample (5.8 and 5.0A), disappeared in masa sample indicating that marked

- changes in starch granule were occurred.

Masas were exposed to high temperatures during baking into tortilla
and frying into tortilla chips. Most of the starch crystallinity of raw corn was
lost during baking and frying where 2 sharp, defined peaks partially
disappeared and abroad (halo) appeared (figs 10&11) indicating a change of
starch from a crystalline to an amorphous state (Zobel, 1988). Accordingly,
the material is no longer a rigid but rather exhibits the properties of a liquid
(Chakraverty & Kaleemulla, 1991). Sorghum tortilla chips displayed another
amorphous X-ray pattern with a peak around 4.5A. The location of this peak
was slightly disolaced from the strong 4 4A peak characteristic of the v-type
amylose-lipuid complex pattern (Gomez et al., 1992).

REFERENCES

Anon. (2000). Statistic report. The Economic Sector of Ministry of Agriculture,
Egypt.

Aguilera, J.M. and D.W. Stanley (1999). Microstrctural principles of food
processing and engineering. In: Food Structuring. 2°° Ed., Aspen
Publishers Inc., Gaithersburg, Maryland. pp. 185-241. -

7134



J. Agric. Sci. Mansoura Univ., 29 (12), December, 2004

Arambula, G.V.; M. Yanez-limon and F. Sanchez-Sinencio (1998). Effect of
starch gelatinization on the thermal delectric and rheological properties
of extruded corn masa. J. Cereal Sci., 27: 147 — 155.

Chakraverty, A., and S. kaleemullah (1991). Conversion of rice husk into
amorphous sillica and combustiblegas. Energy Consers. Mghit.,, 32:
565 -570.

DeBoer, E.D. (1991). Chemically modified derivatives of starch from new
genetic variety of corn. Cereal Foods World, 36:631-639.

French, D. (1984). Organization of starch granules. In: Starch Chemistry and
Technology . L.H. Whistler (Ed), Academic Press, New York. pp. 198.

Guiliard, T. (1987). Starch: Properties and Potential. New York.

Gerard, C; P. Colonna; B. Bouchet; D.J. Gallant and V. Planchot (2001). A
multi-stages biosynthetic pathway in starch granules revealed by the
ultra structure of maize mutant starches. J. Cereal Sci., 34: 61 -71.

Gomez, M.H. (1988). Physicochemical characteristics of fresh masa from
alkaline process corn and sorghum and corn dry masa flour. Ph.D.
Thesis, Texas A & M Univ., College Station. 105 pp.

Gomez. M.H.: C.M. McDonough L.W. Rooney and R.D. Waniske (1989).
Changes in corn and sorghum during nixtamalization and tortilla
baking. J. Food Sci., 54: 330-336.

Gomez, M.H., R.D. Waniska and LW. Rooney (1990). Effects of
nixtamalization and grinding conditions on starch in masa. Starch /
Starke, 42: 475.

Gomez, MH.: JK. Lee C.M. McDonough R.D. Waniska and L.W. Rooney
(1992). Cormn starch changes during tortilla chip processing. Cereal
Chem., 69: 275-279.

Larry, E.F. and E.M. Snyder (1984). Photomicrographs of starch. In: Starch
Chemistry and Technology. Whistier, R.L.; demilles, J.N. and Paschall,
E.F. (eds). Academic press Inc., San Diego, New York, London. pp.
675 —689.

McDonough, C.; M.H. Gomez, JK. Lee, R.D. Waniska and L.W. Rooney
(1993). Environmental scanning electron microscopy evaluation of
tortilla chip microstructure during deep fat frying. J. Food Sci., 58: 199-
203.

Paredes-Lopez,0. and M.E. Saharopulos (1982). Scanning electrone
microscopy of limed corn kernels for tortilla making. J. Food
Technology, 17: 687.

Pflugfelder, R.L.; L W. Rooney and R.D. Waniska (1988). Dry matter losses
in commercial corn masa production. Cereal Chem., 65: 127-132.
Serna-Saldivar, S.0; M.H. Gomez and L.W. Rooney (1990). Technology,
chemistry and nutritional value of alkaline cooked corn products. In:
Advanes in Cereal Sci. and Technology. Y. Pomeranz (ed.). American

Association of Cereal Chem., St. Paul MN.

Snyder, E.M. (1984). Industrial microscopy of starches pag 661 in: Starch,
Chemistry and Technology. L.H. Whistler, ed. Academic press. New
York.

7135




Shalaby, A. R. et al.

Young, R.; M. Haidara L.W. Rooney and R.D. Waniska (1990). Parboiled
sorghum: Development of a novel decorticated product. J. Cereal Sai.,

11: 277 - 289.
Zobel, H.F. (1988). Starch crystal transformnations and their industrial

importance. Staerke, 40: 1.
Zobel, H.F.; S.N. Young and L.A. Rocca (1988). Starch gelatinization: An X-
ray diffraction study. Cereal Chem., 65: 443-446.

m\smjm,;h‘.;ﬂ.v.&M\/BJM\QA@JMMEQ

* s 2aa) — 0 Wl (5 5gh — T a3 Aa =% s Al 0l
;:._,;gxu..,isus,d\_ummmwn?.& .

paa = @303 — @383 Aaals — Ae) 30 Als - BT agle aud 0

Jslaa 3 Lginaday olly g s 3505 Bpal 330 R g
Ta s b s iy Al Lmiadll Jal sl o L Ly Lo i o5 S0y ea 3 s 508
ol Al pall o3y el L (gl il saga Lle i (s il LISy LA Sl Asils
D S A8y Akl (el i ol (50 IS5 A s L e A
Js2)) birfringence —J 5 alb e iyl — calafiaadl) ¢ gudall o gSan g jSse pladiuly
d..;n)”usi.(..L_snx_.ma,pﬁ;u.a(u.w@L:\);‘,J;J,:;A;&.-Amwﬂn
_JlS)LLL@)JJJjJMMJéMJau\LﬁmCJL_\}_::sg)rﬁc.jimﬂl
e e Al L Sl of (S SN Sy Ssaly panill ekl . birfringence
A sl e JSEN U il ekl Aas e ¢ Ay piay ags S A sll JE e Jala
CaaSs U (g a8l 5ad . eSSy LAY dai z 3l anal elaall i3
Lal Ll of Al LYl pandl Selil L anall 3 A%LGe e dapda plude S sl
s gim) 38 Al L U gl Aas Vg il ) U A sl on sl e S
Sl e Ao Lalai 5l IS L) Clapa i Ay . ()83 el e
. Sy

7136



