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BACKGROUND AND SIGNIFICANCE

Retinol, the active form of vitamin A, is sensitive to light, oxidizing agents,
UV light and low pH values. To reduce the negative effect of these factors, the
food industry has developed special compounds into which retinol is incorporated
within gelatine beadlets together with antioxidating and emulsifying substances.
One of the prototypes is the product called 250-CWS, the fortifying compecund

used in sugar and other solid foods.

In Central America, sugar is fortified at 15 micrograms of retinol per gram,
that is 50 [U/g. This concentration was selected to provide at [east 50-75% of the
RDA, to small children of pcor communities, estimating that the average sugar
consumption of this group is around 20 g per day. Older persons receive a higher

proportion of their vitamin A RDA values but always within safe levels.
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PRODUCTION-COMMERCIALIZATICM CHAIN OF FORTIFIED SUGAR

The process of sugar fortification consists of the production of a premix
made by the combination of sugar, the compound 250-CWS, an antioxidant and
vegetable oil. This last ingredient serves as an adhesive between sugar crystals
and vitamin A beadlets. The amount of retinol in the premix is around 1000 times

higher than that in sugar.

The premix is diluted 1 to 1000 in white sugar to obtain a final retinol
concentration of 15 + 5 ug/g. Fortified sugar is packed in bulk amounts of 50 kg
and is stored in warehouses. Finally, sugaris packed in smaller containers, from
1 to 10 pounds, inside transparent polyethylene bags and offered to the public in

retail stores.

When the fortification program was implementcd, it was determined that
sugar in bulk presentations maintained 85-90% of its initial retinol level after 9
months of storage under moderate climatologic conditions.
SLIDIZ 4
However, in 1991 when we compared data of the retinol content of samples
from sugar mills with those obtained at the household level, we discovered a great
discrepancy. For example, 24% percent of sugar samples contained retinol in the
sugar mill against a mere 57% in homes. The explanation of this phenomenon
may be smuggling of non-fortified sugar from neighboring countries, and/or a
retinol stability lower than that previously estimated. Therefore, we decided to
review the issue of retinol stability in sugar in bag sizes used for delivering it to
consumers.
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OBJECTIVES

The objectives of our work \vere:

1. To determine the retinol stability in fortified sugar in consumer-size
packages and stored under the different climatologic conditions of

Guatemala.

2. To assess the effect of the container type (transparent or not) and position

inside the package (surface or interior) over the retinol stability of sugar.
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METHODOLOGY

In the food pilot plant of INCAP, we prepared fortified sugar using a rotative
stainless steel mixer. In difference with the industrially produced sugar, we forlificd
at a level of 30 pg/g with the purpose of increasing the sensitivity of the possible
changes. Half of the sugar was packed inside transparent polyethylene bags. The
other half was placed in plastic bags which were introduced inside paper bags fo
protect the samples from exposure to light. In each case, two sizes of bags werc
used: 1 pound and 12.5 pounds. Some of the larger bags were destined for
sampling from the surface and others for sampling the sugar located in their

interior. Each month, the retinol concentrations of two samples of each treaiment

were determined in duplicate-or triplicate, usmg an spectrophotometric assay after

oMol §cllinf hare
retinol extraction nLa"dlethy‘ ethtrraﬁd:pemm —mbdure. For some

samples, the humidity percentage was also determined.
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Replicatcs of each treatment were stored in four different lecaiions of

Guatemala, typical of four distinct weather conditions of the couniry. Thus:

Quetzaitenango, a city in the highlands, with a cold-humid climate.

Sanarate, in our semi-dry area, a hot-dry place.

Guatemala City, as an example of cool-humid climate.

And, Tiquisate, in the Pacific low lands, representative of subtropical hot and

humid weather.

SLIDE= 8
RESULTS

We found that sugar samples in 1-pound packages from the hot and humid
climate became wet after the 8th month of the study. To correct for the weight
increase because of humidity, we determined the percentage of sucrose in the
samples. From the 9th. montn onward, the sugar from the hot and humid place
was unacceptabla for consumption, but it stili contained measurable amounts of

retinol.
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This table exemplifies the data that were obtained in each one of the
locations. The hot and humid place was the only one that showed difierences
between large and small bags. Retinol stability was lower in the latter bags due
to gain in humidity. In the rest of places, there were no differences in retinol
stability among all treatments. Thus, we concluded that the package size and
types analyzed in this work do not influence the retinol deqradation rate. [n other
words, stability is similar in transparent or in opaque bags as well as for sugar
located at the surface or in the interior. We speculate that retinol stability is better
in bulky packages, because sugar is better protected against humidity and air

exposure. However, we have not confirmed this detail yet.

SLIDE 10

This figure shows the kinetic profile of retinol degradation in 1-pound
samples of fortified suqgar in the hot and humid place. Green squares depict
transparent bags, and red squares the light-protected bags. This example
illustrates that retinol degradation is a first order kinelic reaction, that is an
exponential decay. In the cther sites, this behavior was not as clear as the cne
shown here, because environmental conditions are not as homogeneous during
the year as it is the case in the subtropical hot and humid location. The figure also
shows that there were no differences between transparent and light-protected

bags.

Brazil 5



SLIDE 11

This table shows a summary of {he results. As it was expected, retinol
ctability is better in cold or dry weather, and worse in hot and humid places. After
6 months of stcrage, the remaining amount of retinol was between 62 and 77% of
its initial level. These amounts are similar to those reported for fortified beverages
protected against oxygen exposure. Reports from developed countries claim that
in dry foods fortified with vitamin A beadlets -as it is the case with sugar- retinol
stability is 75 to 100% after 6 months of storage. The discrepancy of those results
with ours could be explained by the type of packaging. Developed countries
generally apply air-tight bags that are frequently aluminum laminated. We consider
that with sugar, air-tight containers would improve retinol stability; however, for
developing countries, at the moment, the cost increment of a better packaging is
higher than the expected benefif. Higher quality packaging will come with
economical and industrial development of the developing countries, but for the
moment the amount of remaining retinol in sugar, under the actual conditions, is

sufficient to generate biological impact in human populations.

Using this data, we estimate a retinol hali-life time in smeall containers in
Guatemala between 8 and 18 months. Similar studies in Panama with refined
sugar and in very hot and humid condiiions have also revealed a half-lite time of

8 months.

Using the retincl degradation rate for each [ocation, and assuming that the
initial retinol value was 15 pg/g, we estimated the annual average of level retinol

in sugar. In all the cases, the annuzl average should be from 10.5 to 11.4, high
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enough to produce biological response in &n efficien’g,&ﬁ/inexpensive way.
Considering that sugar consumption of small infants is argund 20 g per day, these
retinol levels would provide more than 50% of RDA values, and 100% of the Basal
Requirements -amount that prevents clinical signs of deficiency, but docs not lcad
to increments of vitamin A reserves-. Children older than 3 years and adulis

should be receiving even a higher proportion of their RDA values.
CONCLUSIONS

1. Apparently, container size and type currently used to sell sugar do not
influence retinol stability in sugar. We consider that retinol stability in bulk
presentations is better. Air-tight containers probably would improve retinol
stability, but in developing countries their introduction is an issue of cost-

effectiveness.

2. Combination of high environmental temperature and humidity is the main
factor to cause retinol loss in sugar. Under Guatemalan weaiher conditions,

it means a retinol half-life time in sugar of 8-18 monins.

3. Under ideal production and sugar consumption practices, the most at-risk
groups of the Guatemalan population should receive at least 50% of the
RDA for vitamin A through sugar. However, to reach this goal, it is
necessary to assure compliance with the recommended level of fortification
(15 £ 5 pa/g) at the moment of sugar production.
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BACKGROUND AND SIGNIFICANCE

RETINOL is sensitive to light, oxidizing agents
UV light and low pi values

Fortifying compounds of retinol: DRY-GELATINE
BEADLETS
(250-CWS) - Retinol plus antioxidant and emulsifving
substances

FORTIFIED SUGAR: 15 wug/g (50 1U/g)
Small children: 20 g/day X 15 uyg/g = 300 ug/d=v

— 785% RDA
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PRODUCTION-COMMERCIALIZATION CHARN

OF FORTIFIED SUGAR
. PREMIX PREPARATIQC..: sugar/250-CW§S/
(X 1000) vegetable oll

. FORTIFICATION OF SUGAR: 1/1000 = 15 x5 ug/g

. WAREHOUSES: 100 - pound bags
(~ 45 kg bags)

. RETAIL STORES: 5 - 10 pounds
(2.3 - 4.5 kn)

polyethvlene and
transparent bags
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SUGAR FORTIFICATION PROGRAM IN 1991
Cummuiative Percentage

[Vit. Al Sugar mills FHouseholds
{79/g)
= 18 14 1
12.0-17.9 4.4 4
6.0-11.8 77 18
1.5-5.9 94 o7
< 1.5 100 100
n /7 70

- smuggling?

- low retinol stability?
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OBJECTIVES

F1 To determine the stability of retinol in fortified sugar
packaged in consumer-size bags and stored under
the different climatologic conditions of Guatemala.

d To assess the effect of the container type
(transparent or not) and the position of the sugar

Inside tne package (surface or Interior) over the
stability of retinol in sugar.
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1 - pound

METHODOLOGY

30 ug/g - fortified sugar

4  \

Light- protected bags

4/

pd

EP:

1-4

Transparent bags

12. 5 pounds

N\

/ \

T - pound

/

P:1-4

Surface Interior
v 2
P: 1-4 P:. 1-4

12 b pounds
Surface Interior
P: 1-4 P: 1-4
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WEATHER CONDITIONS OF STUDIED LOCATIONS

LOCATION TYPE TEMPERATURE R.HUMIDITY DAYS
(altitude) (°C) (%) RAIN/ppt
QUETZALTENANGO COLD-HUMID 13.5 75.1 120/797 mm
(2380 m)
SANARATE HOT-DRY 27.7 62.5 114/920 mm
(370 m)
GUATEMALA COOL-HUMID 18.8 78.b 124/1112
(1500 m) mm
TIQUISATE HOT-HUMID 25.8 74.8 134/2051
(70 m) mm
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CHANGES OF SUGAR HUNIIDITY DURING THE
STUDY
(1T pound packages])

LOCATION TYPE MONTH % SUCROSE
COLD-HUMID 9 99.6
10 99.1
COOL-HUMID S 99.3
10 99.6
HOT-HUMID 9 87.7
10 89.0

11 83.4
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RETINQL STAE

ILITY IN SUGAR

(TIQUISATE, HOT-HUMID PLACE)
(% Initial Value)

VIONTH 1 Pound 12.5 Pounds
Transp. Dark Transp. S. Transp. l. Dark S. Dark 1.
1 20 80 89 74 90 94
2 92 85 g9 85 74 74
3 67 76 96 78 71 78
4 638 79 72 72 67 66
6 58 60 57 67 64 61
7 48 42 48 52 45 51
9 38 33 4.2 46 34 39
10 27 31 39 45 49 42
11 20 23 43 47 46 43
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RETINOL STABILITY AND ESTIMATION OF THE ANNUAL

AVERAGE LEVEL AND INTAKE

fMonths storage
(12.5 tbs3)

LOCATION
TYPE

% Initial Value

COLD-HUMID
HOT-DRY
COOL-HUMID
HOT-HUMID

3 6
90 = 14 | 77 £ 7
92 + 8 |71 £ 14
83 + 16| 69 £ 8
80 = 11| 62 £ 4

66

63 = 1

43
40

S

I+ [+
o o o Pk

H

ANNUAL
AVERAGE

(al/g)*

e P e P ——

11.4
11.0
10.9
10.5

infant Retinol

Intalke**

% RDA | % B.R.
57 114
b5 110
K4 108
52 104

*

Assuming and initial value of 15 ug/g

** Assuming 20 g sugar daily consumption
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CONCLUSIONS

Apparently, container size and type currently
used to sell sugar do not influence retinol
stability In sugar. Alr-tight containers
proably would improve retinol stability, but
their Introduction 1s an issue of cost-
effectiveness.

Combination of high environmental
temperature and humidity is the main
factor to cause retinol loss In sugar.
Under Guatemalan weather conditions, it
means a retinol half-life time In sugar of
& - 18 months.
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Under ideal production and sugar
consumption practices, the most at-risk
groups of the Guatemalan population should
receive at least b0% RDA of vitamin A
through sugar. However, to reach this goal,
It Is necessary to assure compliance with the
recommended levels of fortification (15 + b
ugl/a) at the moment of sugar production.
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SUGAR CONSUMPTION AND VITAMIN A INTAKE
FROM SUGAR BY INFANTS OF GUATEMALAN

CHILL CARE CENTERS

** Guatemalan National Survey, 1895

Age Sugar Consumption Vit. A - Intake® Vit. A Deficiency**
(Months) (g/day) (% RDA) (% < 20 pg/dL)
6-11 | 14.4 20.6
12 - 23 16.1 20.1 19.9
24 - 3 22.8 32.2 17.7
36 - 47 37.7 4.7.1 13.1
48 - 39 4.0 55.0 11.9
*  Assuming a retinol sugar level = 5 ug/g
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VITAMIN A DEFICIENCY IN INFANTS OF GUATEMALA,
ECUADOR, NICARAGUA, AND DOMINICAN REPUBLIC

(% below 20 wg/dL)

Age GUATEMALA | ECUADOR | NICARAGU DOMINICAN
(Months) (1595) (1993) A REPUBLIC
(1993) (1991)

12 - 23 12.G 20.8 34.3 15.4

24 - 35 7.7 21.2 28.4 24.8

36 - 47 13.1 15.4 3b.4 20.2

48 - b9 11.8 14.8 26.b 18.3
r with age - 0.977 - 0.899 - 0.485 0.134

Generel 15.8 17.7 31.3 19.6
Deticiency
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