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SUMMARY. The aim of the present work was to eva-
luate molar ratio iron:zinc and the levels of folic acid
in biscuit and snacks commercialized in Brazil, prepa-
red with folic acid and iron fortified flours. These nu-
trients are important for human nutrition; however,
iron can have a negative effect on zinc absorption.
Molar ratio iron:zinc can indicate if there will be any
problems for absorption of these nutrients. The folic
acid content varied from 58 to 433 pg/100g and iron
and zinc levels varied from 2.9 to 9.4 mg/100g and
from 0.2 to 1.3 mg/100g, respectively, for 75 analyzed
samples. The average iron contents observed in the
products and molar ratio iron:zinc (in average 8:1 for
biscuits and 12.8:1 for snacks) could result in problems
with the zinc absorption. Moreover, principal compo-
nent analyses (PCA) indicated low uniformity in the
distribution of minerals and vitamin in the majority of
the samples, mainly among brands. The results indica-
ted that for the majority of the samples tested folic acid
and iron content was higher than expected for flours
and could be useful to governmental authorities in their
evaluation program of flour fortification.
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INTRODUCTION

Public health authorities in many countries have
taken steps to improve the periconceptional intake
of folic acid in women planning pregnancy. In the
last decade, a great deal of experimental data, epi-
demiological evidence and clinical trials indicated
that dietary folate intake can modulate and inhibit
colon, lung, cervix, esophagus, stomach, brain, pan-
creas, breast, bone marrow and neuroblastoma car-
cinogenesis. These studies suggest an inverse
association between folate intake and the risk of ma-
lignancies. It has been suggested that dietary folate
supplementation might protect against the initiation
of carcinogenesis. Consequently, by contrast, folate

RESUMO. Razio molar ferro: zinco e acido félico em bis-
coitos e snacks brasileiros e testes para classificacido usando
analise por componentes principais. O objetivo do presente
trabalho foi avaliar razdo molar ferro: zinco e os niveis de acido
folico em biscoitos e snacks, comercializados no Brasil, prepa-
rados com farinhas fortificadas com acido folico e ferro. Esses
nutrientes sdo importantes para nutrigdo humana, porém, o ferro
pode ter efeito negativo na absor¢do do zinco. A razao molar
ferro:zinco pode indicar se havera problemas para absor¢ao des-
ses nutrientes. O teor de acido folico variou de 58 a 433 pg/100g
e os niveis de ferro e zinco oscilaram de 2.9 a 9.4 mg/100g e de
0.2 a 1.3 mg/100g, respectivamente, para 75 amostras analisa-
das. O valor médio observado para o teor de ferro nos produtos
e a razdo molar ferro:zinco (em média 8:1 para biscoitos e 12,8:1
para snacks) podem resultar em problemas na absor¢ao do zinco.
Além disso, a analise por componentes principais (PCA) indicou
baixa uniformidade na distribui¢do dos minerais e da vitamina
na maioria das amostras, principalmente entre marcas. Os resul-
tados mostraram que para muitas amostras o teor de acido folico
e de ferro estava acima do esperado para as farinhas e podem
ser utilizados pelas autoridades governamentais para a avaliagao
do programa de fortificagdo de farinhas.

Palavras-chave: Farinhas fortificadas, minerais, vitamina.

deficiency would predispose to cancer and, in advanced tu-
morigenesis, folate supplementation might actually poten-
tiate the growth and progression of lesions (1-5).

Iron deficiency is the most common nutritional disorder
in the world, and it is estimated that as many as 3.5 billion
people could be affected, thus being an important public
health problem in both developed and developing countries
(6). However, cell DNA damage under pro-oxidant condi-
tions, has been shown to be mediated by iron, since iron is
an important element in the establishment of a pro-oxidant
status in the cell (7). In epidemiologic studies reviewing
diet patterns to assess past exposure to dietary iron, one re-
port (8) found no association, whereas two other studies re-
ported possibly increased risks of Parkinson’s disease with
increasing levels of dietary iron (9,10).
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Zinc has catalytic, structural and regulatory func-
tions and is a component of many enzymes. Skin le-
sions, anorexia, growth retardation, hypogonadism and
the immune suppression function are caused by zinc
deficiency. The cause of an inadequate zinc status may
be associated with the dietary intake and inhibitors of
zinc absorption (11-13). Many studies have shown that
high concentrations of iron could have a negative effect
on zinc absorption in human adults, when zinc and iron
are both present in a solution. An adequate Fe:Zn molar
ratio is 4:1 (11,14).

In 2002, Brazil issued a regulation, effective in
2004, requiring corn and wheat flours to be fortified
by the addition of folic acid (150 pg 100g-1 = 20 %)
and iron (4.2 mg 100g-1 + 20 %) (15), but the concen-
tration of these nutrients in foods containing fortified
flours as an ingredient is unknown. Brazilian flours
are not fortified with zinc, but to know zinc levels is
important for the establishment of Fe:Zn molar ratio
in these type of food.

According to IBGE (Brazilian Institute of Geo-
graphy and Statistics), the average consumption of bis-
cuit by the Brazilian population is 4.8 Kg/person/year
(16). According ANIB (Nacional Association of Bis-
cuits Industry) the average consumption of snacks pre-
pared from fortified corn flour was approximately 0.2
Kg/person/year (17). The Recommended Dietary In-
takes (RDI) of folic acid, iron and zinc are 240pg, 14
mg and 7 mg, respectively, for adults. In pregnancy
the RDIs for the same nutrients are 355 ug, 27 mg and
11 mg (18).

Biscuits and snacks are popular food eaten by both
children and adults; however, they are typically high
in the components that make them “unhealthy”. Thus,
the aim of this work was to evaluate the molar ratio
iron: zinc and folic acid levels in biscuits and snacks
produced with wheat and corn fortified flour, in order
to contribute to an evaluation of the impact of the man-
datory fortification program in Brazil.

MATERIAL AND METHODS

Samples and reagents

The samples evaluated showed the following cha-
racteristics: three different brands of milk (MC 1 —MC
3), cream cracker (CB 1 — CB 3) and cornstarch (CC
1— CC 3) biscuits, all in five (A-E) batches respecti-
vely and 30 samples of snacks (SN 1 — SN 30), in ten
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different types, in 3 batches (A-C), chosen at random.
The batches were purchased in local markets in the
city of Campinas, Sao Paulo State, Brazil, and were
differentiated according to their expiry dates. The pro-
duct labels contained information about the ingre-
dients: wheat flour fortified with folic acid and iron.
The samples were homogenized, submitted to a sam-
pling procedure, crushed and sieved (equipment with
a 28 mesh particle size). The iron, zinc and folic acid
determinations were then performed in triplicate.

Folic acid was obtained from Sigma USA (F-
7876). Chromatographic grade acetonitrile was acqui-
red from J. T. Backer, USA. Analytical grade acetic
acid, potassium hydroxide, trichloroacetic acid, anhy-
drous dibasic sodium phosphate (Na,HPO,) and anhy-
drous monobasic potassium phosphate (KH,PO,)
were obtained from Synth, Brazil. The water used in
the preparation of the solutions and mobile phase was
distilled and deionized (18 MQ.cm resistivity). The
mobile phases and samples after extraction were filte-
red through Millipore filters (HAWP and FHLP Milli-
pore, Brazil), with 0.45um diameter pores. Nitric acid
and hydrogen peroxide were acquired from Merck,
Germany. Standard iron and zinc solutions were pre-
pared by appropriate dilution of 1000 mg L (AccuS-
tandard, USA) as stock solutions.

Equipments

An Agilent Technologies (USA) series 1100 Liquid
Chromatograph equipped with a binary pump and
diode array detector was used for the folic acid deter-
mination. The Chemstation data acquisition system
was used to collect the chromatographic data and to
evaluate the peak areas. Folic acid was separated using
a Hypersil ODS S5um, 125X4.0 mm i.d. column (Agi-
lent Technologies), protected by a Hypersil ODS 5um,
4X4 mm i.d. guard column (Agilent Technologies).

A Perkin-Elmer Analyst 300 Atomic Absorption
Spectrometer (USA) equipped with a deuterium lamp
background corrector was used for the iron and zinc
determinations. The liquid sample was aspirated with
the help of a pneumatic nebulizer and mixed with an
oxidizing air/acetylene (10 and 3 L min flow rate, res-
pectively) flame. The metals were measured in their
fundamental states using a hollow cathode lamp for
iron (248.3 nm) and zinc (213.9 nm). The other ope-
rational parameters (current and slit) were those re-
commended by the manufacturer.
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Folic acid determination

One gram (1.00 g) of each sample of the biscuits
and snacks homogenates was taken after sampling and
milling the entire material. The vitamin was analyzed
according to Boen et al. (19), with modifications in
gradient elution. Folic acid was separated using gra-
dient elution, starting with a 100 % acetic acid solution
(2 % v/v) pH 2.8, and then adding acetonitrile to reach
a mixture containing 76 % acetic acid plus 24 % ace-
tonitrile in 12 minutes for biscuits and 28 minutes for
snacks samples. The flow rate was 1.0 mL/min. Iden-
tification of the vitamin was provided by comparison
of the retention times obtained with a standard analy-
zed under the same conditions, and also by spiking and
comparison of the absorption spectra obtained by
DAD. Peak purity was determined using the plotter
system available in the Chemstation software. Quan-
tification was performed using an external standard
(calibration solutions from 0.045 to 1.5 pg/100g), the
analytical curve presenting good linearity in the pre-
established concentration bands.

Iron and zinc determinations

After total homogenization of the entire material
aliquots of biscuits and snacks, they were taken and mi-
neralized in a digestion block according to Boen and
Lima-Pallone (20). Standard iron and zinc solutions
containing from 0.5 to 6 mg/L and from 0.1 to 1.0
mg/L, respectively, were prepared using the same 0.01
mol/L HNO3 solution. Both the standard solutions and
the samples were analyzed using the atomic absorption
spectrometer described in the Equipment section.

Multivariate analysis

Principal Component Analysis (PCA) was running
in Matlab 6.1 Software (Mathworks). The data were
represented as a matrix of 15 rows (samples) and 3 co-
lumns for biscuits and 30 rows (samples) and 3 co-
lumns for snacks, corresponding by 3 variables (iron,
zinc and folic acid contents). Due to the different units,
the data matrix was autoscaled. Numbers 1 to 5; 6 to
10; 11 to 15 represents MC 1, CB 1, CC 1, batches A
to E; MC 2, CB 2, CC 2, batches Ato E; MC 3,CB 3
and CC 3, batches A to E, respectively (Figures 2, 3
and 4). In Figure 4, SN 1 to SN 30 was represented
with numbers 1 to 30, respectively. For variance analy-
ses Origin 6.1 (OriginLab Corporation, Northampton
MA, 01060. USA) program was used.
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RESULTS

Table 1 summarizes the results obtained in the de-
terminations of the folic acid, iron and zinc contents
in the samples of biscuits. For milk biscuits the vita-
min, iron and zinc levels ranged from 97 to 284
ng/100g (average of 153 ng/100g), 2.9 to 7.4 mg/100g
(average of 5.2 mg/100g) and 0.7 to 1.3 mg/100g (ave-
rage of 1.0 mg/100g), respectively. In cream cracker
biscuits the folic acid content varied from 87 to 171
ng/100g (average of 126 pg/100g), and the iron and
zinc levels from 3.2 to 9.4 mg/100g (average of 6.2
mg/100g) and 0.5 to 0.8 mg/100g (average of 0.6
mg/100g), respectively. In cornstarch biscuits the vi-
tamin content varied from 71 to 244 pg/100g (average
of 142 pg/100g), and the iron and inc levels from 3.7
to 6.7 mg/100g (average of 4.7 mg/100g) and 0.7 to
1.1 mg/100g (average of 0.9 mg/100g), respectively.

Table 2 shows the results obtained in the determi-
nations of folic acid, iron and zinc in snacks. The folic
acid concentration ranged from 57.5 to 433.1 pg/100g
(average of 204 ng/100g), and the variance analyses
indicated differences amongst the values (95% of con-
fidence). The iron and zinc levels ranged from 2.9 to
6.9 mg/100g (average of 4.4 mg/ 100g) and from 0.2
to 0.8 mg/100g (average of 0.4 mg/100g), respectively,
and for iron the variance analyses indicated differences
amongst the values (95 % of confidence).

In Brazil, the folic acid content in wheat and corn
flours varied from 73 to 558 pug/ 100g, and in the same
samples, the iron concentration ranged from 4.6 to 7.4
mg/100g, on average, in the eight different brands eva-
luated by Boen et al. (19) and Soeiro et al. (21).

In order to extract maximum information from
these data (folic acid, iron and zinc composition in bis-
cuits and snacks) the Principal Component Analyses
(PCA) test was applied. Figures 1, 2, 3 and 4 present
scores and loadings plot. PCA was calculated and two
principal components were necessary to explain 90,
77and 83 % of the total variance for MC (1-3), CB (1-
3), CC (1-3) and SN (1-30), respectively.

In Figure 1 it was possible to observe that samples
MC 1 (named 1 to 5) were characterized with higher
folic acid and were clustered. The samples MC 3 (11
to 15) were grouped and contained more zinc. Samples
MC 2 (6 to 10) were not clustered according to folic
acid, iron and zinc composition.

For samples of cream cracker biscuits, CB 1 and
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TABLE 1. Folic acid, iron and zinc content in biscuits and molar ratio Fe:Zn.

Sample Folic acid Iron Zinc Molar ratio

(ug/100g) (mg/100g) (mg/100g) Fe:Zn
AV+SD RSD*? AV+SD RSD*® AV+SD RSD*®

MCP 1* 105.2 - 156.5 6.1-7.4 1.1-1.3

Average value 136 +7 5 7.0x0.6 8 1.2+0.1 8 6,5:1

MC2* 145.9 -283.9 29-7.0 0.7-1.2

Average value 204 + 57 28 6.0+19 43 09+0.2 27 7,9:1

MC3* 97.0 - 183.3 3.8-4.2 09-1.1

Average value 119+ 43 36 41+02 6 1.0+0.1 8 4,8:1

CBcl* 93.3-170.3 34-438 0.6-0.7

Average value 170 + 33 20 44+06 14 0.6+0.02 3 8,6:1

CB2* 87.4-170.9 32-72 0.7-0.8

Average value 123 £32 26 56+1.7 30 0.7+0.07 10 9,1:1

CB3* 98.9 - 156.7 7.0-9.4 0.5-0.6

Average value 125+26 21 88+1.0 11 0.6 +0.03 6 17,5:1

CCd1* 157.0 — 244.3 3.7-54 07-1.1

Average value 193 + 41 21 44+0.7 16 08+02 19 6,5:1

CC2* 112.6- 170.5 54-6.7 09-1.1

Average value 143 +21 15 6.0+0.6 9.5 1.1+£0.1 7 6,3:1

CcC3* 70.6 - 113.4 33-42 0.7-1.0

Average value 88 + 19 21 3704 10 09+0.15 17 4,8:1

*AV £ SD RSD - average + standard deviation Relative standard deviation, "MC - milk cookie, 1 - 3 = brand, ¢CB - cream
cracker biscuit, 1 - 3 = brand, dCC - cornstarch cookie, 1 — 3 = brand, *values for batches A to E.

TABLE 2. Folic acid, iron and zinc in snacks.

Sample Folic acid Iron Zinc Molar ratio

(ug/100g) (mg/100g) (mg/100g) Fe:Zn
AV+SD RSD*® AV +SD RSD AV +SD RSD

SN 1°* 225.6 - 348.3 29-45 03-04

Average value 298 £47 16 4+1 22 0.3+0.06 17 15,9:1

SN 2* 251.6 — 400.2 33-51 0.6-0.8

Average value 335+ 76 23 4+1 24 0.7+0.1 16 6,7:1

SN 3* 163.5-433.1 34-51 0.2-0.6

Average value 256 £ 153 60 4+122 04+02 57 11,9:1

SN 4* 199.5 - 441.7 4.7-6.0 03-04

Average value 333+£123 37 6x1 13 0.4+0.06 16 17,5:1

SN5* 198.8 — 289.4 33-6.0 03-04

Average value 256 £50 20 5+1 30 0.4+0.06 16 14,6:1

SN6* 212.2-307.3 35-52 0.4-0.5

Average value 246 + 53 22 4+1 20 0.4+0.06 14 11,7:1

SN 7* 149.2 - 201.5 3.7-47 02-04

Average value 169 + 28 22 4+1 12 03+0.1 35 16,6:1

SN 8* 113.9-182.9 29-49 0.4-0.6

Average value 146 £ 35 24 4+1 27 05+0.1 25 9,4:1

SN9* 57.5-159.5 31-54 0.4-0.7

Average value 117 +53 45 4+1 33 0.5+0.2 29 9,4:1

SN10* 104.5 - 156.3 47-69 03-04

Average value 151 +44 29 5+123 0.4+0.06 16 14,6:1

*AV + SD RSD - average + standard deviation Relative standard deviation
SN - snack, 1 - 10 = type/brand,

*values for batches A to C
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Figure 1 — A — Scores plot MC samples by PCA :
MCI A-E (1 to 5), MC2 A-E (6 to 10) and MC3 A-E
(11 to 15) ; B— A — Loads plot MC samples by PCA:

1 — folic acid, 2 — iron and 3 — zinc.

CB 2, it was not observed grouping according to each
brand. Only CB 3 (11 to 15, in Figure 2) presented clus-
ter characterized by high iron content.

Samples of cornstarch cookies were characterized
by grouping related to brands. Samples CC 1 (1 to 5 in
Figure 3) contained more folic acid levels. On the other
hand, CC 2 (6 to 10), presented more iron and zinc and
CC 3 (11 to 25) were clustered, but the variables folic
acid, iron and zinc were not responsible for this action.

Snacks samples (1 to 30, Figure 4) are not clustered
according to the variables folic acid, iron and zinc.

DISCUSSION

Among biscuits in 13% of the samples the folic
acid concentration exceeded the regulatory value for
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Figure 2 — A — Scores plot CB samples by PCA :
CB1 A-E (1 to 5), CB2 A-E (6 to 10) and CB3 A-E
(11 to 15) ; B— A — Loads plot CB samples by PCA:
1 — folic acid, 2 — iron and 3 — zinc.

fortified flours by approximately a twofold value. In
average 38 % of the products tested contained levels
below the value added and 49% were in accordance
with the values cited in the Brazilian legislation for
fortified flours. For iron 49 % of samples were in ac-
cordance, 42% exceeded the regulatory value for for-
tified flours and 9 % contained levels below the
amount added to flours. In 63% of the samples of
snacks the folic acid concentration exceeded the regu-
latory value for fortified flours by approximately a
twofold value, as well as 10 % of the products tested
contained levels below the value added and 27% were
in accordance with the expected values for enriched
flours. In 33% of the snacks the iron content exceeded
the regulatory value, 23 % of the products tested con-
tained levels below the value added and 44 % were in



MOLAR RATIO IRON:ZINC AND FOLIC ACID IN BRAZILIAN BISCUITS AND SNACKS

N

o5

-
wn
T

o4

o1

-
T

053

e
3
T

©8

Scores on PC 2 (32.82%)

i
e
A
-~

12

2 45 05 0 05 1 15 2
Scores on PC 1 (50.58%)

o
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

e ]
I
I
I
I
I
I
I
I
I
I
|
I
I
I
I
I
I
I
I
I
I
I
|

A
wn

o1

o
3

Loadings on PC 2 (32.82%)
[ e
}
|
|
1
1
1
|
|
|
|
|
1
1
1
|
|
|
|
|
l
1
1
|
|
|
|
|
1
1
1
|
|
|
|
|
1
1
1
|
|
|
|
|
1
1
1
|

o3

-0.5

035 04 045 05 05 06 065 07 075
Loadings on PC 1 (50.58%)

Figure 3 — A — Scores plot CC samples by PCA :
CC1 A-E (1to 5), CC2 A-E (6 to 10) and CC3 A-E
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accordance with the values for iron content in the Bra-
zilian legislation for fortified flours. The variance
analysis (95% of confidence) indicated significant dif-
ferences for the values obtained for folic acid and iron
in the samples.

Other researchers have found similar data for other
types of food. Thomson (22) evaluated enriched cereal
foods and verified that the iron concentration was in
accordance or exceeded the label claim, and the folate
content was below the label claim in 24 % of the pro-
ducts tested and exceeded it in 34%. Rader et al. (23)
reported a variation from 33 to 229 pg/100g for folic
acid in samples of flour commercialized in the USA.
Sadighi et al. (24) evaluated flours fortified with iron
in Iran and found a mean value of 5.28 mg/100g. The
percentages of flour samples with high, acceptable,
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Figure 4 —A — Scores plot SN samples by PCA :
SN1-30 A-C (1 to 30) different samples ; B—A —
Loads plot SN samples by PCA: 1 — folic acid, 2 —
iron and 3 — zinc.

good and low iron levels were 0%, 14%, 74.4% and
11.6%, respectively. Boen and Lima-Pallone (20) ve-
rified that for macaroni, pizza and bread prepared with
fortified flour, the levels of folic acid and iron varied
from 14.8 to 481.4 ng/100g, 1.6 to 12.4 mg/100g, res-
pectively.

The observation of PCA test indicated low unifor-
mity in the distribution of minerals and vitamin in the
majority of samples, mainly among brands. On the
other hand, changes in values are not sufficient for
grouping biscuits and snacks according each brand,
except for samples MC 1, MC 3, CB 3, CC 1 and CC2,
indicating no standard behavior when iron, zinc and
folic acid were considered as variables. The nutrients
evaluated presented random in the majority of the
samples. PCA also indicated that for samples charac-
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terized by high folic acid or iron, most of them con-
tained excess of the nutrient.

The molar ratio iron: zinc (Fe:Zn) was, in average,
6.4:1.0, 11.7:1.0, 5.9:1.0 and 12.8:1 for milk, cream
cracker, cornstarch biscuits and snacks, respectively.
For all samples the Fe:Zn molar ratio indicated that
zinc absorption could be compromised.

CONCLUSION

The results showed there was huge variability in
the content of folic acid and iron in different samples
of the same type of product (biscuits and snacks) pre-
pared with fortified flours. These data could be related
to the conditions required for folic acid stability, pro-
blems with the premix composition and the difficulty
in adding the premix containing folic acid and iron to
the fortified flours.

Moreover, the average values for iron observed in
the products could lead to problems with zinc absorp-
tion, contributing to a zinc deficiency in some groups
of the population, and it is important to point out that
iron can induce oxidative stress in cells.This study
could be a useful tool for the governmental authorities
in their food fortification evaluation programs.
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