APPENDIX A.
Literature Review

PAST STUDIES ON UNIFORMITY AND STABILITY OF ADDED MICRONUTIENTS

Uniformity studies

Very few studies have been done on the uniformity of nutrients added to cereal products. In one study on mill
fortification (1), no evidence was found of separation of any of the enrichment components, including the magnetic
“reduced iron”, added to flour on a continuous basis at the flour mill. All samples taken at the mill, during transport,
at the bakery and in the final bread showed excellent uniformity, well within the standard error of the analytical
methods used. A separate study on flour passing by a magnet showed no difference in iron content before and after
the magnet. There was also no evidence of flour streaking, which is what would be expected if clumps of reduced
iron were falling off the magnet. No loss of vitamin E and the B vitamins was found in wheat flour subjected to
normal bleaching and maturing treatments (2).

Vitamin A

Cereal Products

Both vitamin A and b-carotene contain a conjugated double bond system, making them susceptible to oxidation
and reduction in vitamin A activity when exposed to air. This process may be accelerated by heat, light, trace
minerals and moisture. Thus, vitamin A and b-carotene are considered inherently unstable during processing,
storage and cooking of foods (3).

The effect of storage and cooking on added vitamin A palmitate in fortified cereal-based products has been studied
by a number of investigators, whose results are summarized in the following table. No losses of vitamin A activity
were reported in vitamin A fortified flour when stored for 6 months at room temperature (4-6). With increased
storage temperature, however, retention of vitamin A activity was reduced. For example, 70% vitamin A retention
was found in flour stored for 6 months at 26°C (7) while flour stored for 6 months at simulated warehouse
temperatures (i.e., 21-32°C) retained 89% vitamin A activity (5). Others studies have shown only 50% vitamin A
retention in flour stored for 6 months at 37°C or 40°C (7).

Accelerated shelf-life tests have shown 12 weeks storage at 45°C may be used to predict vitamin A retention after
2.5 years storage at room temperature (4). Results from these studies (i.e., 12 weeks storage at 45°C) found vitamin
A retention in flour was 50% (7) and 71% (4). Thus vitamin A stability in flour is both time and temperature
dependent. Fortified flour stored for 6 month at room temperature retains nearly 100% vitamin A activity. With
increasing storage temperature, however, vitamin A retention decreases significantly.

Vitamin A retention in cornmeal fortified with vitamin A palmitate has been investigated. In one study vitamin A
retention in cornmeal stored for 6 months at room temperature was 90% (4) and 98% (8). As found in flour,
increased storage temperatures reduced vitamin A retention. Cornmeal stored for 6 months at 4°C, 21-32°C and
40°C resulted in vitamin A retention of 85%, 80% and 50%, respectively (5). Accelerated shelf-life tests (12 weeks
at 45°C) predict vitamin A retention in cornmeal after 2.5 years storage at room temperature to be 67% (4). Thus,
under similar storage conditions, vitamin A retention in cornmeal appears lower than vitamin A retention in flour.
Like flour, increased storage time and storage temperature reduces vitamin A retention.

Vitamin A losses in foods prepared from cereal-based products fortified with vitamin A palmitate has been reported.
No loss in vitamin A activity was found in bread after baking in one study (5) while others reported vitamin A
retention in baked bread to be 83% (8) and between 90-93% (9). An efficacy trial in Jordan showed negligible
baking losses in Arabian bread (10). In another study (11) on Persian sangak bread 68% of the vitamin A added to
the dough with the yeast was recovered after the bread had been baked 2-3 min "Iranian fashion" on pebbles heated
to about 204 C. A study in the Philippines (12) showed 81% retention of vitamin A in flour after one month and 80%



retention in the national bread, pan de sal. After three months the retention was 54% in the flour and 32% in the
bread.

Vitamin A retention in other products such as corn bread and corn mush were 91% and 94%, respectively (5).
Cornmeal preparation requiring 5 minutes cooking resulted in 87% vitamin A retention while corn grits preparation
requiring 30 minutes cooking resulted in 66-75% vitamin A retention (8) In the extrusion of a corn/soy blend, 89%
vitamin A retention was reported (13). Only 29% vitamin A retention was reported in extruded corn puffs made from
corn flour while vitamin A retention in spaghetti made from semolina flour was between 80-90% after cooking (14).
Thus, cooking results in greater vitamin A losses in corn-based products than wheat-based products. In addition,
longer cooking times reduces vitamin A retention. Work was done to fortify rice and whole grain products with
vitamin A, but no stability data has been reported for such applications.

b-carotene, like vitamin A, is susceptible to oxidation which results in reduced vitamin A activity. The stability of b-
carotene in cereal flours has not been reported. b-carotene retention during baking was 80% in bagels and cake
and 70% in cookies (15). Others report b-carotene retention during baking ranged from 85-96% in bread and 77-
82% in crackers while no loss in b-carotene was found during typical product storage of bread after 7 days or
crackers after 90 days (16)

A 1998 review of vitamin A fortification of wheat flour (17) concluded that vitamin A added to wheat flour was
“sufficiently stable during storage under controlled conditions, and during cooking and baking of products made with
fortified wheat flour.”

In summary, studies indicate that vitamin A retention in cereal-based products fortified with vitamin A palmitate is
dependent on time, temperature and the product. Increased storage time and increased temperature reduces
vitamin A retention in all cereal-based products. Vitamin A retention in corn-based products, however, is lower than
wheat-based products. Baking appears to have little effect on vitamin A retention in bread while cooking reduces
vitamin A retention in corn-based foods.

Vitamin A stability in fats and oils

Vegetable oil has been proposed as a vehicle for vitamin A delivery by Atwood and others. Rosa et al. (1991) found
that vitamin A fortified soybean oil stored at 23°C for 6 and 9 months retained nearly 100% vitamin A. In addition,
they found vitamin A retention in fortified oil was high even after cooking. Atwood et al. (1995) compared stability of
vitamin A added to CSB and vegetable oil used in the P.L. 480 Food for Peace Program, employing transportation
and storage conditions of CARE-India’s program in 1993. CSB and vegetable oil were both commercially produced.
Vegetable oil was then fortified with vitamin A prior to shipment while CSB was not modified. Upon arrival in
different Indian ports, a 10-fold difference in vitamin A content was reported between different batches of CSB. It
was estimated that there was a 55-65% retention of vitamin A content in CSB between arrival and 20-week transport
and storage in India compared to a 70-100% retention in vitamin A content of fortified vegetable oil. These results
suggested to the authors that vegetable oil may be a more effective vehicle for vitamin A delivery than CSB.



Uniformity of added vitamin A

The vitamin A content of CSB produced and delivered to India in 1993 appeared highly variable (18) suggesting that
CSB producers may not be in compliance with current USDA CSB product specifications for vitamin A addition.
The authors suggested that further study was warranted to determine vitamin A levels of CSB so that actual vitamin

A losses that occur during shipping and storage could be more accurately determined.

Summary of Vitamin A Stability Studies

Researcher Product Conditions Retention (%)
Anderson & Pfeifer (1970) flour 6 mo/ 26°C 70
6 mo/37°C 50
3mo/45°C 50
Anderson et al. (1976) breakfast cereal 6 mo/RT 100
3 mo/40°C 87
Cort et al. (1976) flour 6 mo/RT 97
12 wk / 45°C 71
cornmeal 6 mo/RT 90
12 wk / 45°C 67
Emodi & Scialpi (1980) bread baking 90-93
Lorenz & Jansen (1980) corn/soy blend extrusion (171°C) 89
Parrish et al. (1980a) bread baking 100
corn bread baking 91
corn mush water addition 94
spaghetti varying 80-90
corn puff extrusion / 175°C 29
Parrish et al. (1980b) flour 6 mo/RT 100
6 mo / 21-32°C 89
6 mo /40°C 50
cornmeal 6 mo/4°C
85
6 mo / 21-32°C 80
6 mo / 40°C 50
corn flour 6 mo/4°C 85
6 mo / 21-32°C 80
6 mo /40°C 50
Rubin et al. (1977) flour 6 mo/RT 100
breadbaking 83
cornmeal 6 mo/RT 98
cooking (5 min) 87
corn grits 6 mo/RT 81
cooking (30 min) 66-75




Vitamin C

Ascorbic acid is the most unstable of the known vitamins and is easily destroyed during cooking. Due to its high
water solubility, leaching of vitamin C from foods may also greatly reduce vitamin C levels. Other factors that
contribute to vitamin C degradation include temperature, pH, oxygen, salt and sugar concentration, enzyme and
metal catalysts.

In a USDA study (19) to help determine whether ascorbic acid should be added to wheat flour and infant cereals, lab
prepared products of different composition and moisture content were fortified with coated and uncoated ascorbic
acid at levels of 400 to 800 ppm. These were stored at different temperatures for periods up to 7 months to
determine vitamin C retention. The kinetics of the vitamin loss followed first-order reactions, so results were
expressed as the k constant, the higher the constant, the greater the loss. Results on CSM, a predecessor to CSB,
are shown below. Storage temperature was the biggest factor in determining vitamin C retention.

Destruction rate k x 1000
CSM moisture content (%)

Ascorbic Acid Storage 11.8% 10.4% 8.0%
Temp.
(°C)

Non-coated 45 612 205 13
37 224 58 6
26 21 9 2

Coated 45 303 70 4
37 103 17 2
26 14 4 1

Vitamin C activity in ready-to-eat cereals was investigated by (20). Overall losses in vitamin C activity during
production of ready-to-eat cereals was estimated at 37%. Stability of ascorbic acid in fortified cereal stored at room
temperature was also determined over a 12-month period. Ascorbic acid was reportedly stable over the initial 4
months. After 4 months, however, ascorbic acid retention decreased dramatically. Ascorbic acid retention after a
12 month period was 60%. Short time/high temperature storage studies also indicated severe ascorbic acid losses.
(21) also investigated vitamin C retention in ready-to-eat cereals. Cereal stored for 3 months at 40°C (104°F) or 6
months at 22°C (72°F) retained 93% and 94% ascorbic acid, respectively. Interestingly, they found ascorbic acid
addition increased vitamin A stability.

The retention of ascorbic acid has also been investigated in breadmaking. For example, having employed ascorbic
acid encapsulated in hydrogenated soybean oil, Hung, et al. (22) reported bread retained 58% ascorbic acid
immediately after baking but retained only 20% ascorbic acid after 5 days storage at 23°C. Park et al. (23)
compared retention of three forms of ascorbic acid including ascorbic acid encapsulated in soybean oil, L-ascorbate
2-polyphosphate and unmodified ascorbic acid. Ascorbic acid retention in three-day old bread stored at room
temperature was 35%, 30% and 10%, respectively. Moreover, they found ascorbic acid encapsulated in soybean oil
had the highest ascorbic acid levels after baking and after storage for seven days. Employing ascorbic acid
encapsulated in soybean oil, Park et al. (24) reported 99% ascorbic acid retention in bread dough before baking.
Immediately after baking ascorbic acid retention was 77% while storage for 7 days at 25°C resulted in less than 20%
ascorbic acid retention. Wang et al. (25) investigated L-ascorbic acid and its phosphorylated derivatives in bread.
Breads enriched with ferrous iron and fortified with either ascorbic acid or L-ascorbate 2-polyphosphate retained 5%
and 40% ascorbic acid, respectively, after 6 day storage at 25°C. Thus, L-ascorbate 2-polyphopsphate appears to
be a more stable form of vitamin C.

Park et al. (26) investigated the fortification of bread with two fibers plus three antioxidants. Ascorbic acid retention
in proofed dough immediately before baking was 98% for dough with or without fiber. Retention of ascorbic acid
after baking was 59% in bread containing fiber and 87% in bread containing no added fiber. Seven day storage of
bread resulted in retention of 3% ascorbic acid in the fiber containing bread and 14% in bread containing no added
fiber. The increased losses of vitamin C in the bread containing fiber was attributed to its higher moisture content



(45%) compared to bread with no added fiber (37%). In another study, Dennison (27) investigated the effect of
transition metals on the storage stability of ascorbic acid in a model food system. They found that iron, copper and
zinc had little effect on ascorbic acid oxidation in foods possessing water activity (a,) between 0.10 and 0.40. In
foods with a,, of 0.65, a 2-4 fold increase in rate of ascorbic acid destruction was observed. Decrease in ascorbic
acid was believed to be the result of increased mobility of the metal ions due to increased moisture content.

In summary, studies indicate vitamin C retention in cereal-based products appear to be dependent on time,
temperature and product moisture content. Increased storage time and moisture content appear to dramatically
decrease ascorbic acid retention. Baking may also decrease ascorbic acid retention, however, encapsulation in
soybean oil appears to reduce losses. Though little work has been done on the effect of leaching on ascorbic acid
in cereal-based products, leaching has been found to significantly reduce ascorbic acid in other foods when
prepared in large volumes of water. Thus, food preparation may have a large impact on ascorbic acid levels in the
final consumed product.

Natick Study

A storage study of CSB, WSB and soy fortified cornmeal (SFCM) with normal and increased levels of iron was
conducted by the U.S. Army RD&E Center at Natick MA during FY92 for the USAID'. The test involved storing
bags of product at 80° and 100° F at ambient humidity and 90% relative humidity. The high humidity conditions
proved extreme for the bags, which ruptured after seven months of storage. Samples were analyzed for vitamin C,
vitamin A, iron and moisture at 2, 7, and 10 months of storage at 80° F and after 3 months at 100° F.

Because of the limited number of samples tested and not having an initial analysis prior to storage, it was not
possible to get a good estimate of vitamin retention from the results this study, whose primary objective was to
determine flavor acceptability of adding more iron. Levels of vitamin C in CSB were virtually the same at both
storage temperatures indicating no loss. Lower values of vitamin C were found in the WSB after 7 and 10 months
at 80° F (37 and 34 mg/100g respectively) than in the WSB held 3 months at 100° F (46 mg/100g), indicating the
possibility of a vitamin C loss in this commodity.

The vitamin A results in the CSB were variable with storage time, allowing no good conclusion to be drawn on its
stability. The vitamin A in the WSB and SFCM did appear to be lower after 10 months at 80° and after 3 months at
100° F.

OMNI Report

In 1994 USAID commissioned OMNI to prepare a Technical Review Paper on Micronutrient Fortification and
Enrichment of P.L. 480 Title Il Commodities®. This comprehensive analysis reported on past studies of
micronutrient levels found in field samples of CSB and WSB.

The USDA Federal Grain Inspection Service (FGIS) conducted a survey on CSB, WSB, and soy-fortified cornmeal
(SFCM) to determine levels of iron, niacin, vitamin A, and vitamin C, as applicable (SFCM contained no added
vitamin C). In addition, FGIS randomly selected 15 bags filled with 25kg of CSB, WSB, and SFCM produced at that
time, for a micronutrient shelf-life study with and without polyethylene over-wrap for additional protection during
storage.

It was concluded that enhanced packaging did not increase the shelf-life of vitamins A and C during storage for
seven months. Furthermore, the results of the analyses of the traditionally packaged commodities indicated an
unusual variance in micronutrient levels including iron, which should be quite stable. For both vitamins A and C
there was a general downward trend in concentration with increasing time for all commodities tested (Harte et al.,
1992). However, there was considerable month to month variation, which could have been due to inadequate
blending of the vitamin premix within the commodities, either within and/or between bags. The large variability
observed in the iron data indicates that blending of the mineral mix into the commodities was also inadequate.
Identification of inadequate mixing of the premixes into the blended foods at the mill level has initiated new quality
control procedures by ASCS as discussed below.

The Technical Review Group, convened in July 1990, recommended that the level of iron from ferrous fumarate be
increased from 15 to 30mg per 100g in the blended food commodities, and that the level of added iron from reduced
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iron be increased from 2.9 to 4.4mg/l00g to 8.8mg/I00g in all protein fortified and other processed foods. A study
commissioned by USAID Bureau for Humanitarian Response was undertaken to determine if these increases in iron
fortification would affect the sensory properties of CSB, WSB, and SFCM. The study found no significant
differences in overall flavor quality between the currently used (15mg iron/100g) and the increased levels (30mg
iron/100g) of added iron for all the commaodities with the exception that the wheat flavor of WSB after nine months
of storage was different in the sample containing the highest level of ferrous fumarate. No explanation was given
for this difference, and it was concluded from the overall flavor quality ratings that there would be no detrimental
effect if iron levels were increased.

Other sensory evaluations on samples of CSB and WSB stored at 27° C for two months by ARS/USDA (Bookwalter,
1991) did reveal slight "stale" and "cardboard-like" off-flavors when the higher level of iron was added. There was
no change in peroxide values (indicates lipid oxidation) when the level of iron from ferrous fumarate was increased
to 30mg/100g. Additional testing is needed to assure that off-flavors caused by iron catalyzed oxidation will not
develop before increasing substantially the amount of ferrous fumarate added to these blended foods. The vitamin
C retention was 93 percent and 83 percent in the low and high iron samples, respectively, but the variability
precluded significance between the two levels.

The FDA has also analyzed vitamin C levels in samples of CSB and WSB stored for 7 and 10 months at 27°C.
Although there was no baseline, the values showed no loss between 7 and 10 months. Vitamin A assays also were
done on samples stored for 2, 7, and 10 months at 27° C. There appeared to be good agreement between the 2
and 7 month values, but the values after 10 months of storage showed considerable variability indicating either that
some loss of vitamin A had occurred after 7 months of storage, or that there was variability among the samples
taken from the same bag due to incomplete blending.

In an effort to determine the amounts of vitamin A, vitamin C, and iron actually present in CSB and WSB at the
point of use, 36 samples were taken in the field in seven different countries. Multiple 400g samples were collected
and sent back for analysis by FDA. The results are shown in Tables 3.6a and 3.6b. The values for iron, as well as
for both vitamins A and C, show marked variation. Since iron is stable, variation in the values for iron indicate
either that 1) the mineral premix did not contain the certified level of iron, 2) the iron was not properly mixed in the
premix when added to the blended food, 3) the mineral premix was not accurately added to the blended food and
adequately mixed, or 4) that settling within a bag occurred and this was not compensated when taking the 4009
samples

Nine of the 36 samples had unacceptably low iron values (ranging from 3.6 to 10.6mg iron/100g) and one had a
very high iron value (45.7mg iron/100g). It is assumed that these variations in iron were the result of inadequate
mixing of the mineral premix in the blended foods. In almost every case, the values for both vitamin A and vitamin
C were similarly low (or high in the one with high iron), illustrating that neither the vitamin premix nor the mineral
premix were added in correct amounts and properly mixed in the bags sampled. In six additional samples, both of
the vitamin levels were low (four cases) or high (two cases), while the iron level was appropriate indicating again
that in these bags the mineral premix was adequately blended but the vitamin premix was not.

Cort et al. (1976) reported that 33 percent of the vitamin A added to cornmeal was lost after 12 weeks of storage at
45° C. Bookwalter et al. (1980) observed a 20 percent loss in vitamin A activity when a blend of cornmeal, soy
flour, and non-fat dry skim milk was stored at 43° C for 2 months. Similarly, losses of 20 percent of vitamin A were
noted by Rubin et al. (1977) during storage of corn grits and cornmeal fortified with vitamin A.

In a study conducted in India, a high degree of variability also was observed in vitamin A content of CSB sampled at
different points in the food delivery system (Atwood et al., 1994), with values ranging 10-fold from 200 to
2000mcg/l00g as compared with an expected level of approximately 600mcg. The marked variability of the vitamin
A content of CSB within bags confounded the interpretation of results on the stability of vitamin A since much of the
differences noted could have been the result of inadequate addition and/or blending of the vitamin premix. Group
averages, however, indicated that losses of approximately 30 to 45 percent may have occurred during the 4 to 6
month period.

On the issue of quality assurance of fortification, the report noted that current quality assurance measures put in
place by USDA for the production of P.L. 480 Title Il commaodities include on-site inspection and sampling by the
USDAV/FGIS for every production run. Samples are taken from each lot at the production site for proximate
analyses (ash, protein, total carbohydrate, fiber, and fat) and moisture content. For those commodities enriched
with iron, samples are also tested for the presence of iron by a qualitative assay procedure. The test for iron is used
as an indicator that the mineral or enrichment mix has been added to the final product. Although individual



specifications for commodities fortified with vitamin A include provisions for sampling and analyses of vitamin A
levels, no quality assurance assays for vitamins are currently being practiced.

Currently, there is no regular program of quality assurance of micronutrients in P.L. 480 commodities. It is
recognized by the USDA that a quality assurance program is needed for micronutrients in P.L. 480 commodities.
Plans to initiate procedures for quality control of micronutrients added to P.L. 480 commodities have been
discussed. The procedures may include a review of options for monitoring fortification and enrichment levels within
the current program with an effort to keep additional costs of the overall program at a minimum. Proposals being
discussed by USDA include random sampling by FGIS of selected fortified commaodities for analyses of vitamin A
and iron by private certified laboratories. If vitamin A or iron levels are not within the specified levels, the
manufacturers of the blended processed foods would be required to provide USDA with analytical data at their
expense to certify that acceptable levels are present. In addition, manufacturers of the vitamin and mineral
premixes will be required to provide data to USDA to verify nutrient levels in their premix products, although
frequent verification is not considered to be necessary.

SUSTAIN Vitamin C Pilot Study

A vitamin C pilot study was designed to produce, provide and evaluate blended foods with increased levels of
vitamin C fortification. The results of this study (28) related to uniformity and stability of added vitamin C are
included in this MAP report.

Recommendations from Past Reports

A number of the past studies and reports on fortified food aid commodities have made recommendations, which are
summarized as follows:

OMNI Report

1. Establish a quality control program for ensuring micronutrient content of P.L. 480 Title 11 commodities
prior to shipment.

Currently, quality and quantity of micronutrients added to P.L. 480 Title Il commodities are not monitored. A quality
assurance program should be implemented to evaluate the amount of certain micronutrients in the fortified and
enriched foods prior to shipment.

2. Promote development of international standards for micronutrient fortification and enrichment
practices.

There are large differences in micronutrient fortification and enrichment practices between countries providing food
aid. Without uniformity in micronutrient levels of foods, the dietary requirements of recipients are difficult to satisfy.
An Expert Panel convened by FAO could assist with developing uniform International Standards for micronutrients in
food aid commodities.

3. Establish a mechanism to investigate micronutrient problems at the field level.

A mechanism is needed to obtain information on the actual needs, stability, and consumption of micronutrients in
P.L. 480 Title Il commaodities. A system to continually obtain useful information about micronutrients through
adaptive research should be developed. Agency resources should be allocated to assist with accomplishing
research required for developing improvements to the food commodities in the PL 480 program.

4. The OMNI report recommenced the following changes be made in the fortification of CSB and WSB:

Reduce vitamin B-12 levels by approximately two-thirds or 67.5 percent. Since the formulation for the blended food
supplements was made, the RDA for vitamin B-12 has been reduced. Reducing the amount of vitamin B-12 from 4.0 to
1.3mcg/I00g would satisfy the requirements for one to three year old children and pregnant women. The level of
vitamin B-12 was reduced from 4.0 to 1.3 mcg/100g effective January 1998.

Increase riboflavin levels by 114 Percent. Riboflavin in the blended foods should be more than doubled to provide the
requirements of the target populations. Populations subsisting on rice- or corn-based diets supplemented with blended
foods are especially deficient in riboflavin. No change has been made in riboflavin levels.



Increase the zinc levels ten-fold. Rice and corn-based diets supplemented with blended foods are currently very low
in zinc. A ten-fold increase is recommended to provide adequate allowances. Zinc levels were changed from 0.9 to 4.0
mg/100g effective January 1998.

Change the type of zinc compound being used. Zinc sulfate monohydrate should be considered as an alternative to
zinc sulfate heptahydrate since it is more stable and less expensive. The form of zinc was changed to the monohydrate
form effective January 1998.

Maintain current vitamin C levels. Until further information becomes available on the stability of vitamin C during
storage and preparation, current levels should be maintained. Vitamin C levels have been kept at 40 mg/100 on the
recommendations of the Committee on International Nutrition - Vitamin C in Food Aid Commodities of the Institute of
Medicine.

5. Enrich wheat flour with iron, niacin, thiamin, and riboflavin.

Wheat flour is currently enriched with calcium and vitamin A. It is recommended that wheat flour used in PL 480 Title
Il programs be enriched with levels of iron and the B vitamins similar to the amounts used in enriched flour marketed
in the U.S. Wheat flour provided under PL480 Title Il programs has always been enriched with these micronutrients
in conformance with US flour enrichment standards. Wheat flour provided under Title I, however, is normally not
enriched.

6. Use ferrous fumarate instead of hydrogen reduced iron (in fortified processed foods).

It is recommended that 5 mg of iron from ferrous fumarate be used per |00g of processed cereal in place of
hydrogen reduced iron. This will provide more absorbable iron than would be provided by doubling the amount of
hydrogen reduced iron.

7. Increase ferrous fumarate (iron levels) by 50 percent.

If stability, Odor and taste tests are positive, increasing the iron supplied by ferrous fumarate from 15 mg to 22.5
mg/l00g of blended food supplements to provide 97 and 58 percent of the RDA for one to three year old children and
pregnant women, respectively.

8. Reduce the amount of tricalcium phosphate (TCP)

The amount of TCP can be reduced by 25% if studies confirm that nutritional, anti-caking and insect suppressant
properties of TCP can be retained. The blended food supplements currently contain a concentration of two percent
tricalcium phosphate (TCP) which provides an excessive amount of calcium and phosphorous. A 25 percent
reduction in TCP will still provide adequate nutrients and it should not affect the other functions provided by TCP
(anti-caking and insect suppression).

9. Do not enrich or fortify whole grains and milled rice.

Although procedures have been developed to enhance the micronutrient content of whole grains and milled rice,
delivery of micronutrients by these commaodities has several disadvantages and difficulties, as well as a substantial
cost.

10. Strengthen USAID technical participation in and oversight of fortification and enrichment practices
Participation as needed of agriculture, food technology, and nutrition representatives on the USAID Committee on
Nutrition Specifications of Food Aid Commodities is essential for providing current technical information and direction
to assist with improving the nutritional quality of P.L. 480 Title Il commodities.

11. Promote use of fortified blended food supplements in emergency situations

Agencies should be encouraged to use presently available blended and/or enriched commodities along with locally
available foods to provide limited nutrients.



12. Fortify vegetable oil with vitamin A

Vegetable oil is an excellent vehicle for delivering vitamin A to target populations. Associated with this
recommendation is the requirement for tailoring fortification of commaodities for specific Title 11 programs.
Fortification of vegetable oil would not be beneficial for all programs and, when fortified vegetable oil is provided,
vitamin A does not need to be included in the blended foods.

13. Consider local fortification and enrichment in special circumstances under carefully controlled
conditions.

Whole grains can be shipped to recipient countries where they would be milled and fortified or enriched with
micronutrients.

14. Target delivery of commodities according to nutritional needs.

More explicit guidance needs to be provided on regional programming of commodities.

NAS Vitamin C Fortification of Food Aid Commodities Report

1. The level of vitamin C fortification of blended food aid commodities should NOT be increased to 90
mg/100g, but should be maintained at the current level of 40 mg/I00g.

Based on the reported incidence of scurvy and the quantity of U.S-supplied blended food commaodities going to
regions where scurvy has been reported, increasing vitamin C fortification of all CSB and WSB is not cost-effective

2. Strengthen health surveillance systems in refugee camps to monitor population risks of vitamin C
deficiency and scurvy and to initiate a timely response.

Risk factors for vitamin C deficiency and scurvy should be monitored at the community and/or camp level. Some risk
factors that have been identified as potentially useful for such monitoring include populations totally dependent on
food aid (e.g. displaced and famine-affected populations); duration of stay in a refugee camp; seasonality: dry
season and inability to cultivate; market failure, limited local supplies of fresh produce, or lack of resources to trade
for other food sources; poor acceptance of donated foods, especially the blended, fortified foods, resulting from
cultural preferences; and difficult access by relief organizations because of war or remoteness. At the individual
level, risk factors include age and physiological status (young children, pregnant and lactating women, and the
elderly have been found more susceptible)

3. Target identified populations at risk for scurvy with appropriate vitamin C interventions.

There are several possible strategies to achieve increased vitamin C supplementation: (1) increased access to local
foods and markets; (2) local fortification of commodities in the country or region where the emergency is occurring,
as is currently practiced in some regions; and (3) use of vitamin C tablets if scurvy is already present. Alternatively,
an increased total daily ration of conventionally fortified, blended food would be appropriate to an emergency feeding
situation and would increase the intake of other important nutrients such as energy, protein, and iron, as well as
vitamin C. Another possibility might be for USAID's Bureau of Humanitarian Response to investigate the logistics of
managing two supplies of CSB and/or WSB, the conventionally fortified blends and a small proportion of highly
fortified blends that would be targeted as part of the general ration only to situations where the risk of vitamin C
deficiency is high and continues for several months.

4. Improve the uniformity of blended food aid commodities by implementing specific product and process
procedures.

Delivery of vitamin and mineral fortification via food aid commodities to target populations depends on the
manufacturing facilities' ability to comply with formulation and finished product specifications. To improve the
uniformity of blended food, the following remedial initiatives are recommended:



Formulation document - a formal reporting of the formulation and ingredients used to generate a particular product or
blend.

Product specifications - instituting procedures for analytical quality control to monitor compliance with fortification levels
defined by product specification. Inability of manufacturer to comply can result in loss of contract.

Methods and sampling procedures - listing of all statistical process control procedures, analytical procedures, test
methods, and appropriate sampling protocol.

Operating guide - a formal document that provides a blueprint for operating a process. It includes a process description
for each step, a review of normal operating conditions, control actions (the set of steps necessary to maintain a quality
operation), and a discussion of the impact of each process step on product quality.

Control plan - a master document that keeps track of a plant's record keeping. It lists the specification or test to be
performed, the source of the authority for the test, who is responsible for conducting the test, the test frequency, where
the test is recorded, what action to take, and where to file or who must receive the report.

HACCP (Hazards Analysis Critical Control Points) plan - a preventive system to identify key areas of process control to
avoid food safety risks. Measurements of improvement include analytical sampling and analysis of key fortification
nutrients, regular audits of plant performance, maintenance of calibration records for all metering equipment, and
maintenance of usage records for all vitamin and mineral premixes.

The committee identified several areas in which additional research would be most helpful in alleviating potential
vitamin C deficiencies and evaluating the appropriateness of any overall vitamin C fortification of U.S commodities.

1.

Research the epidemiology of vitamin C deficiencies. Ascertain the incidence of scurvy in displaced
populations and analyze this according to the amount of blended, fortified foods received. The incidence of
scurvy among those receiving blended foods at currently prescribed levels will permit assessment of the need
to increase fortification or seek alternative approaches. Develop and validate predictors of populations at risk of
vitamin C deficiency among refugees so as to institute local fortification.

Research and develop means to increase consumption of local foods rich in vitamin C. This may also
he achieved by purchasing these foods for refugees, but it may be done more cost-effectively by decreasing
barriers to barter and trade in refugee camps.

Research and evaluate appropriate ration sizes of blended foods. More information is needed on the
amounts of blended foods distributed to those at risk for scurvy in displaced populations. Currently, no good
information is available on actual quantities distributed. This may also indicate that much higher levels of
fortification than are currently being considered would be necessary for those at most risk because they could
be receiving smaller rations.

Research and evaluate methods for campsite vitamin C fortification. This would be the most cost-
effective approach to fortification because the need is rare and the cost of vitamin C is relatively high.

Research alternative forms of vitamin C available for fortification. The limited data available on cooking
losses when using the current ethyl cellulose-coated product indicate a need to develop other vitamin C
products that are more stable to heating in dilute solutions.

WEP Requests on Blended Foods

Pieter Dijkhuizen, Senior Programme Advisor, Public Health & Nutrition Technical Support Service of the World
Food Programme, made the following suggestions to Ms. Betsy Faga, President of the Protein Grain Products
Association in 1997, and similar requests to USAID subsequently.

1

The tricalcium phosphate used as a source of calcium in CSB and WSB is relatively expensive and
should be replaced with calcium carbonate.

There is no justification for increasing the level of vitamin C in blended foods.

More information, including product composition, should be provided on bags of CSB and WSB to
better meet the labeling requirements of US food laws and the Codex Alimentarius.



The Beaton Report on fortification of foods for refugee feeding

Dr. George Beaton prepared an extensive report for the Canadian International Development Agency (CIDA) on the
fortification of foods for refugee feeding. This included advising on the composition of blended foods, which
Canada does not prepare or ship. Dr. Beaton believed a supplemental, heavily fortified, cereal-based blended food
(such as CSB and WSB) was an effective way to deliver deficient nutrients to refugee populations. The following
recommendations were extracted from his report, but they were not intended specifically for the U.S. PL480
program. Many of his recommendations relate to fortification of locally produced foods, and are not included here.

1. Food aid vegetable oil should contain adequate levels of alpha-tocopherol (vitamin E)

Oil should contain at least 0.6 mg alpha-tocopherol per gram of polyunsaturated fatty acids. This is naturally present
in the case of the canola oil supplied by CIDA, but some oils, like that from soy and corn, may have to have vitamin
E added. It might be prudent to add tocopherol as an antioxidant when adding vitamin A.

2. NaFeEDTA should be used as the iron source for fortification.

Present information indicates that this is likely to be the most efficacious source of iron, will have high stability and
low reactivity with other food components and is safe.

3. More information is needed on nutrient stability during food preparation.

Existing information suggests that currently available technology can permit fortification with quite reasonable
storage losses over a 6-12 month period. Little if anything is known about the likely cooking methods and
associated nutrient losses in refugee situations (it is noted that food preparation is likely to differ across the many
cultural groups involved). It is recommended that more information be obtained about normal food preparation
procedures and that there then be laboratory and field studies to ascertain an expected cooking loss for the more
labile nutrients.

Report of USAID Technical Review of Vitamin C and Iron in Title Il Commodities

The following recommendations were made as a result of an expert panel meeting held July 24-25, 1990. The
panelists for this review were science and technology specialists in nutrition, food and fortification technologies
related to vitamin C, iron and Title Il products. They represented industry, academia and government.

1. Increase theiron level of all blended food supplements from the current level of I5 mg/I00g to 30 mg/I00g.
Continue to use ferrous fumarate as the iron source.

2. Increase the iron level of all protein-fortified and other processed foods from the current level of 13 mg to
20 mg/lb (2.9 mg to 4.4 mg/I00g) to 40 mg/lb (8.8mg/I00g). Continue to use hydrogen reduced iron as the iron
source

3. Confirm the effectiveness of using iron EDTA as the iron source for blended food supplements, protein-
fortified and other processed foods. This requires a six-month evaluation of color, flavor, and odor in stored
commodities and preparation of gruels and breads. Obtain iron absorption data on both ferrous fumarate
fortified corn soy blend using two or more levels of ascorbic acid, and iron EDTA fortified corn soy blend.

4. Obtain Codex Alimentarius status for iron EDTA.

Maintain the current level of vitamin C in all blended food supplements. Continue to use coated ascorbic acid
(97.5 percent with ethylcellulose) as the source. Determine the vitamin C content of blended food supplements
currently in the field by shipping samples from representative sites to the U.S. for analysis. Continue to omit use
of vitamin C in all protein-fortified and other processed foods because of severe stability problems in these
relatively high moisture products.

6. Determine the processors capability to lower moisture content levels in blended food supplements,
protein-fortified foods and other processed foods to increase stability of vitamin C.

7. Explore the feasibility of using a new fat encapsulated source of vitamin C, which in other products has
been shown to be resistant to moisture. Obtain vitamin C stability data on major blended food supplements



during storage, cooking, and point of consumption, comparing the current vitamin C source ($13.40/kg) and the
encapsulated source ($24.41/kg).

Consider alternate vitamin C delivery systems to bypass or minimize vitamin C stability problems. Options
include vitamin C tablets for home use or portion-pack vitamin C to be added to meals or drinking water
prepared in mass feeding/distribution locations such as refugee camps.
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PROGRAM DESCRIPTION



The Recipient’s proposal entitled “Micronutrient Assessment Project (MAP), A Program to Assess the Stability and
Availability of Micronutrient Fortificants in P.L. 480 Title Il Commodities” and dated June 28, 1995, as modified by
its August 29, 1995 Submission, is incorporated by Reference. The Program Description is attached as the following
Appendix.



PROGRAM DESCRIPTION

I PROJECT GOAL AND OBJECTIVES

A. Project Goal/Purpose

In keeping with the health and nutritional goals of USAID and the recommendations of the 1992 International
Conference on Nutrition, the overall goal of the project is to improve the nutritional status of the most vulnerable
elements of the world’s population. The specific purpose of the project is to assist the edge of the stability and
availability of micronutrient fortificants in food aid commaodities and by making recommendations designed to
improve the long-term impact of that program on the target populations.

B. Project Objectives

To work toward the achievement of the project purpose, all activities developed by the project will be designed to
contribute to the following project objectives:

» to contribute to an increased understanding of the stability and loss of the micronutrients added to food
aid commodities;

* to assess the stability of selected micronutrients added to specific Title | commodities, from the point at
which the micronutrients are initially added to the commaodities up to the point of consumption in the
field;

» to identify specific conditions that result in the loss or deterioration of micronutrient fortifications;

» to identify particular problem areas in the handling and storage of fortified food aid commaodities that are
detrimental to the stability of added micronutrients;

* to make recommendations for improving the stability and nutritional availability of specific fortificants;

C. SUSTAIN Experience and Capabilities

The manufacture and distribution of food aid commaodities involves many participants — USAID, private voluntary
agencies (PVOs and CDs), the United Nations World Food Program (WFP), private industry and non-governmental
organizations (NGOs). SUSTAIN has a 15-year record of successful collaboration with these groups in organizing
and managing technical assistance and training programs.

Working closely with a wide variety of U.S. private sector organizations and public agencies, SUSTAIN has
implemented the transfer of technical knowledge and skills to food businesses, health and nutrition institutions, food



and agriculture organizations, cooperatives, PVOS, and research institutions in developing countries in Africa, the
Near East, Latin America, Asia, and the former Soviet Union.

SUSTAIN promotes collaboration among USAID, U.S. private and scientific sectors, and developing country
businesses for the purpose of improving the quality, safety, and availability of food resources in the world’s
developing areas. Technical assistance, training, and needs assessments are provided by executives and technical
specialists from the U.S. food industry, academia, and professional associations, all of whom serve on a voluntary
basis.

The SUSTAIN program, which was formed in the late 1970s with support provided by USAID’s Office of Nutrition,
draws upon the leadership and technical expertise of a Steering Committee comprised of leading food industry
executives and specialists. These Steering Committee members and other volunteers contribute significant time
and expertise to program development and strategic planning as well as to the actual implementation of advisory
services and workshops for food industries in developing countries. The volunteers work individually with SUSTAIN
staff on specific projects and participate in advisory meetings with representatives of NGOs, health and nutrition
institutions, the private sector and host-country governments.

Over the years of its operations, SUSTAIN has developed a strong, dependable network of highly-qualified experts
who provide a rapid turnaround to requests for advice and technical assistance. SUSTAIN volunteer experts are
available in all areas of food science and nutrition, including food product fortification, food processing, quality
assurance/control, laboratory technologies, and packaging. To ensure a continually high level of professional
standards, the volunteers are enlisted through a process of peer recruitment and review carried out through standing
network of SUSTAIN executives and experts. As a result of this “in-house quality control,” SUSTAIN volunteers
have continually demonstrated their effectiveness and have been well received by both the USAID missions and
recipient country organizations. The volunteers’ contributions to food safety, nutrition, processing efficiencies, and
packing have been widely acclaimed and appreciated. This network of experts is representative of the unique
resources that SUSTAIN brings to the implementation of the proposed project.

. DESCRIPTION OF THE PROJECT

A. Problems to be Addressed

The need for Nutrition Enhancement — Micronutrients (essential vitamins and minerals) have a profound effect on
child survival, women’s health, educational attainment, adult productivity, and overall resistance to illness.

The 1992 International Conference on Nutrition, the United States Congress, and other interested agencies and
organizations have urged the use of food fortification to enhance nutrition in the world’s developing areas. Since
1966, many processed P.L. 480 food aid commodities have been fortified or enriched with micronutrients may lack
stability and deteriorate in food commodities during transport, distribution, and storage. This project addresses the
problems associated with the loss of beneficial micronutrients in food aid commodities by gathering the baseline
data and information required to deal with these problems.

Micronutrient deficiencies form the basis for a wide variety of health and economic problems throughout the
developing world. Deficiencies of such essential nutrients as Vitamin A, iodine, and iron are especially detrimental
because of their serious health consequences. Lack of iodine can cause goiter, an enlargement to the thyroid gland;
diets insufficient in iron can lead to anemia, which in turn restricts and individual’s utilization of energy and limits



his/her productive activities. Vitamin A deficiencies can lead to increased severity of diarrhea, respiratory and other
infections.

There are a number of reasons why an estimated 2 billion people in the world’s developing areas fail to consume or
lack the essential levels of vitamins and minerals:

» food products that are rich in micronutrients may be only seasonal or too expensive;

» the way in which foods are prepared may reduce the availability of vitamins and minerals;

» natural sources of iodine in the soil may be depleted;

e certain intestinal parasites may intensify nutrient deficiencies;

» traditional norms and customs may restrict the cultivation and/or consumption of certain micronutrient-
rich foods by some segments of the population.

Fortifying commonly eaten foods with the missing micronutrients is one mechanism for making essential vitamins
and minerals available to the populations of these areas.

In the mid-1960s, to prevent micronutrient deficiencies among P.L. 480 recipients, USAID and USDA initiated a
program to fortify or enrich processed and partially-processed food aid commodities. During fiscal year 1994, the
U.S. government provided more than 5 million metric tons of food aid commodities (valued a t $174 billion) to 79
developing and re-industrializing countries through its P.L. 480 programs. USAID and USDA work in partnership
with recipient governments, PVOs, the WFP and international relief agencies in the provision and distribution of
these commodities.

Problems of Micronutrient Deterioration — Over time and depending on shipping/storage conditions, some
micronutrients break down to unusable forms or can cause the commaodities to become rancid. Other
micronutrients, such as certain iron compounds, can react with the nutrients to cause off-flavors and odors. lodine
fortification is accomplished with both iodide and iodate compounds, such as potassium iodide, which is more
soluble and needed in smaller quantities. However, it is unstable when exposed to high temperatures, moisture,
sunlight, excessive aeration, or the presence of salt impurities. Potassium iodate is a more stable additive, but with
the increased stability come increased costs. As noted in Section I, A, other micronutrients are broken down by such
simple things as light, heat and air.

Because food aid represents an increasingly limited resource that must be used to maximum effect, it is important
to assess the stability and availability of micronutrient fortificants in food aid commaodities as they move though the
rigors of long-distance transportation, storage, and distribution. The 1993 total expenditure on fortification and
enrichment ingredients was estimated at $15.064 million. To assist USAID in assessing the role that P.L. 480
commodities can play in reducing or preventing micronutrient deficiencies, the proposed SUSTAIN project, to be
implemented over a two-year period in close collaboration with the Bureau of Humanitarian Response and technical
expertise from the Office of Health and Nutrition/Nutrition & Maternal Health in the global Bureau, will assess the
stability and availability of micronutrient fortificants in selected food aid commaodities as they move from the point
of manufacture to the point of consumption by end users. This information will assist USAID to evaluate the cost-
effectiveness of various interventions designed to address micronutrient deficiencies.



B. Project Inputs

The major inputs of the project include a project manager with both academic training and professional experience
in food science and nutrition, and the structured participation of a significant number of volunteer experts. It is
estimated that some 8 to 12 person/months of volunteer consulting services will be provided by the advisory panel,
cooperating food technicians and volunteers from collaborating NGOs/PVOs. It is also anticipated that some
professional consulting services will be utilized and that additional expertise and technical assistance will also be
drawn form USAID/PHN/HN/NMH.

It is expected that the program manager will have, at a minimum, a Master’s degree in food science and/or nutrition
and appropriate professional experience and knowledge in micronutrients. It is also expected that the program
manager will have some experience in a developing country context and a familiarity with supplemental feeding
programs. SUSTAIN management will confer with BHR on the final selection of a candidate to fill the management
position. In consultation with SUSTAIN management and the steering Committee, the program manager will set up
the expert panel and develop an annual work plan.

The design of the program components, including a determination of the countries to be targeted in each of USAID’s
geographic regions, will be developed in consultation with the advisory panel and the appropriate officers of
USAID/BHR and USAID/G/PHN/HN/NMH.

C. Project Implementation and Reports

The implementation of the project will include:

. A survey of the literature on recent and current research relating to the stability of micronutrient
fortificants in commodities distributed under the P.L. 480 Title 1l program; 2

. the development of a sampling plan and methodology for gathering samples in the field (samples
will be collected at (1) the point of commodity nutrient blending in the U.S.; (2) the port of
embarkation and disembarkation; (3) during the removal from the overseas storage facilities; (3) at
the time of commodity distribution to beneficiaries; and, (4) after being prepared for consumption in
refugee camps or homes); 3

. to the extent necessary, and depending on the availability of funds and the final design of the
sampling protocol, laboratory tests simulating the temperature, humidity, light and other physical
conditions may also be conducted;

. a plan to ensure the proper handling and packing of the samples for shipment to a qualified U.S.
laboratory that conforms to appropriate standards and norms;

. the review of all testing results and related recommendations by the project advisory panel and any
outside experts who the panel may decide to involve;



. the forwarding of all testing results to the appropriate officers of USAID/BHR through an informal
system of periodic letters and reporting data submitted when new and relevant information becomes
available;

the submission of progress reports, at six-month intervals, which will provide information on test
results, technical briefing notes, an up-date on activities implemented, and any specific issues or
problem areas that may arise, as well as a summary of financial expenditures; 4

. periodic technical advice on significant issues in food science and nutrition will be provided to
USAID/BHR by the MAP program manager, subject to their availability and the priorities of this
project. Such requests would be submitted in writing by BHR to SUSTAIN’s Executive Director for
concurrence.

% Abstracts of directly revelant documents will be provided to USAID/BHR.

®ltis anticipated that field assessments will be made in four to eight countries, depending on the availability
of funds. The selection of the countries, the specific micronutrients, and the specific Title Il commaodities to
be sampled and analyzed will be determined in collaboration with USAID/BHR and USAID/G/PHN/HN/NMH
at the time the sampling protocol is determined. Input will also be gathered from collaborating PVOs and the
WEFP. It is anticipated that the sampling will cover P.L. 480 Title 1l fortified commaodities distributed through
U.S. PVOs and the WFP that reach the end users in the same form they were provided by the United States
government. To the extent that the transportation, storage and distribution systems of the WFP differ
substantially from those of U.S. PVOs, there may be a need to increase the sample size (and consequently
project funding) to maintain the integrity of the study.

* the intent of the reporting process is to provide relevant information to USAID. Should it become apparent
that a format other than the six-month reports is more appropriate, the process can be modified by the
mutual agreement of USAID/BHR and SUSTAIN. The end of project report (in place of the last six month
report) will include a description of the sampling protocol, a review of all project activities, test results and
recommendations

Implementation Plan — The specific initial steps in the implementation of project activities include the
following:

» Selection of the MAP Manager — Within the first 30 days of implementation, SUSTAIN management will
provide USAID/BHR with an opportunity to review and comment on a short-list of qualified candidates
for the position of project manager.

» Development of the Overall Implementation Plan— Within the first 60 days of project activity, project
management will provide USAID/BHR with the general implementation plan covering the full duration of
the project.

» Organization of the Advisory Panel — During the first 90 days of the project, management will complete
the recruitment of a panel of experts drawn from the food industry sector and academia to advise the
project manager on program activities and commodity testing and to make recommendations on issues
of food commaodity fortification.




To gain the most benefit possible from the project, it is important that the separate but collaborative roles of
SUSTAIN and USAID/BHR be clearly delineated and understood. The primary role of SUSTAIN in the
implementation of the MAP is to conduct a scientific study, as described in this proposal, and to provide USAID with
its findings and recommendations. The extent of involvement of other interested parties, such as the micronutrient
manufacturers, commodity manufacturers, PVOs, the WFP, USDA and other Federal Agencies, as well as other
units of USAID, will be decided and organized by USAID/BHR. BHR’s role is to review the information and findings
of the MAP and make whatever policy decisions it determines to be necessary.

The communication of MAP findings and recommendations to interested third parties will be coordinated and
managed by BHR. To the extent necessary, MAP management will be made available to brief members of official
USAID committees, such as the Joint Committee on Nutritional Specifications of Food Aid Commodities and the
Food Aid Consultative Group authorized under section 205 of the Agricultural Trade Development and Assistance
Act of 1954,

The initial project report, to be submitted at the end of the first six months of implementation, will include a
description of the sampling plan and methodology as well as the results of the initial sample analyses. The formal
project report, to be submitted at the conclusion of the project, will describe the distribution and storage process and
the condition of the facilities utilized. It will also include information on all project activities, including the results of
all laboratory analyses and the recommendations of project management and the advisory panel. Intermittent
reports, in the form of letters and analytical documents, will be provided to USAID on a periodic basis as relevant
information becomes available.

D. Project Management and Organization

SUSTAIN management, operating from its Washington, DC headquarters, will have overall responsibility for the
administration and implementation of the project. Day-to-day operational responsibility will be in the hands of the
professional MAP project manager, who will serve as the primary liaison with USAID missions and organize the
work of the advisory panel and the paid and volunteer consultants. The project manager position is budgeted for a
period of 20 months (see Section IV, A, Budget Narrative). A half-time administrative support person is also
included in the budget. Although the SUSTAIN Executive Director will be regularly consulted by the MAP manager
and will be involved in planning, liaison with the SUSTAIN Advisory Committee, and reviewing project reports, only
a small percentage of the Executive Director’s time is included in the project budget.

SUSTAIN’s organizational background, management staff, external technical resources, and operational experience
makes it fully capable of administering and overseeing this type of project. In addition to its in-house experience and
administrative capacities, to address specific organizational, business and technical issues, SUSTAIN is able to
draw on the experience of some of America’s largest private sector food companies and academic institutions.

Major Assumptions

Because certain conditions are required for the successful implementation of this type of project, in developing this
proposal SUSTAIN management assumes there will be a sufficient level of cooperation from host-country
governments, USAID missions, the WFP, and the NGOs/PVOs, and participating in food commaodity distribution. In
summary, the following major assumptions are basic to the full achievement of the project’s purpose and objectives:



that host-country governments, NGOs/PVOs, and the WFP will cooperate with and assist the program
manager by providing information on how food aid shipments are shipped, received, stored, distributed
and utilized in their programs, will provide access and logistical support to get to project sites and
beneficiaries for the procurement of samples; and will assist with logistics to facilitate sampling.

that USAID missions will grant permission to conduct project sampling and analysis activities and that
USAID/BHR will facilitate necessary communications with the missions.

that the countries selected for sampling will remain stable for the period of time required to obtain the
samples and relevant information on storage, distribution and utilization.

that USAID will help facilitate MAP access to relevant databases, literature, and the management of
companies participating in Title Il micronutrient programs;

that the pre-mix manufacturers participating in the Title Il program will provide information on any
relevant studies they have undertaken, underway, or identified as useful;

the specific Title I commodities to be sampled and analyzed will be determined in collaboration with
USAID/BHR and USAID/G/PHN/HN/NMH at the time the sampling protocol is determined. Input will
also be gathered from collaborating PVOs and the WFP. It is anticipated that the sampling will cover
P.L. 480 Title II fortified commaodities distributed through U.S. PVOs and the WFP that reach the end
users in the same form they were provided by the United States government. To the extent that the
transportation, storage and distribution systems of the WFP differ substantially from those of U.S.
PVOs, there may be a need to increase the sample size (and consequently project funding) to maintain
the integrity of the study.



APPENDIX C.
Description of Analytical Methods

Vitamin A was run by an AOAC High Performance Liquid chromatograph (HPLC) procedure where the sample was saponified
with an overnight shake-out and the unsaponified material was extracted with hexane. The hexane extract was injected into a
normal phase HPLC system with a silica column and quantified by comparison to the standard using detection at 313nm. The
detection limit is 20 1U/100g. The NIST dry infant cereal reference standard was run with each set. The results were not used
and the set repeated if the standard fell outside of a1719-2173 1U/100g range, providing for a 9.2% analytical error.

Vitamin C was tested by the fluorescent method, Association of Official Analytical Chemists (AOAC) 15th Ed.
967.22. This procedure is applicable to foods and feeds. It measures both reduced vitamin C (ascorbic acid) and
the oxidized form (dehydro ascorbic acid), both of which are antiscorbutic. The procedure does not measure the
hydrolyzed form, 2,3-diketogulonic acid, which does not have vitamin C activity. The procedure involves oxidizing
ascorbic acid to dehydro ascorbic acid in the presence of charcoal. The oxidized form reacts with 0-
phenylenediamine to produce a fluorophor whose fluorescent intensity is proportional to the concentration. A blank
is formed by adding dehydro ascorbic acid to boric acid to form a quinoxaline prior to the addition of the diamine
solution. Any remaining fluorescence is due to extraneous materials. A spike was run with every set of samples.
The average spike recovery on a variety of matrices is 96.2%. The detection limit on this procedure is 1 mg/100g.
A NIST (National Institute of Standards and Technology) dry infant cereal reference standard (AOAC, 1986, 1990)
was run with each set. If the standard fell outside of a 108-121 mg/100g range, the results were not used and the
set was repeated, providing for an 11.4% analytical error.

Niacin was analyzed by the American Association of Cereal Chemists approved method 86-52: Niacin Automated
Determination. This method is an automated version of the colorimetric procedure in which an autoclaved calcium
hydroxide extraction of a cereal product is acidified and reacted with cyanogen bromide to produce a blue color
proportional to the amount of niacin present. The reading is adjusted for natural color by running a blank with no
cyanogen bromide. An AACC flour reference standard was run with each set. If the standard fell outside of a 22—-27
mg/100g range, the results were not used and the set was repeated, providing for a 20% analytical error.

The same analytical methods were used on the prepared food samples as were used on the dry samples except for
moisture content, which was measured by vacuum oven.

For the dry samples, moisture was tested by a standard loss of weight in oven drying. The laboratory ran the NIST
dry infant cereal reference standard containing a certified level of vitamin C with each sample set. The whole run
was repeated if the assay on the standard was outside of the acceptable range. For the cooked samples, moisture
was tested by a standard loss of weight during vacuum oven drying. Samples high in sugars were dried at 70°C for
16 hours. Samples high in volatile oils were dried at 100°C for 5 hours. In all cases the samples were dried under
pressure less than or equal to 100 mm Hg. The limit of detection is 0.01%.

Water activity (a,) is a water energy measurement. Water activity is an indication of “free” water in a sample
available for microbial growth, as well as enzyme and vitamin activity. “Free” refers to the water particles in a
product that are not chemically or physically bound.

A representative sample was placed in the Atwater instrument and the a,,, or equilibrium humidity (ERH) was

measured as a ratio of water vapor pressure above the sample to the water vapor of pure water at the same
temperature. Products with no “free” water have an a ,, of 0.000; pure water has an a,,, of 1.000 (Aqualab Model

CX-2 Water Activity Measurement, Operator’'s Manual).

Iron was tested by digesting the sample at 600° C., extracting the ash with acid and measuring the iron content with
atomic absorption according to AOAC method 968.08. The precision on this test is 4.8% and the detection limit is 2
ppm according to laboratory. A NIST 1846 SRM cereal iron standard was run each day. The iron result on the
NIST standard had to fall within 59.1-67.1 ppm for the results to be usable, providing for a 6.3% analytical error.
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Key in Laboratory Food Preparation Studies

Vitamin C added
Conventional Vitamin C
High Vitamin C

Sampled

Sample Designation
Preparation type

Moisturein CSB/WSB
Before cooking (% by wt.)

Moisturein food mixture
After cooking (% by wt.)

Vitamin C in CSB/WSB
Befor e cooking, wet basis
(mg/100g)

Vitamin C in CSB/WSB
Before cooking, dry basis
(mg/100g)

Vitamin C in food mixture
after cooking, wet basis
(mg/100g)

Vitamin C in food mixture
after cooking, dry basis
(mg/100g)

Vitamin C retention
Dry basis (%)
Timein water before
Cooking (min:sec)

Time of cooking
(min:sec)

The level of vitamin C added,

Level (40mg/100g)

Level (90mg/100g)

1 The country in which the sample was taken

2. Which position of the bag the sample was taken from:
a top of thebag

b- middle of the bag

c- bottom of the bag

Identification code of samples

The type of CSB/WSB based meal prepared

Laboratory assay of the moisture content of the uncooked CSB/WSB
reported as a percentage of weight

Laboratory assay of the moisture of the respected food preparation
after cooking, reported as a percentage of weight of the cooked ingredients including CSB/WSB

Milligrams of Vitamin C per 100grams of uncooked CSB/WSB
based on total weight including moisture

Milligrams of Vitamin C per 100 grams of uncooked CSB/WSB
based on solid content (calculated by factoring out moisture content)

Milligrams of Vitamin C per 100 grams of cooked food preparation
based on total weight (including moisture)

Milligrams of vitamin C per 100 grams of cooked food preparation
based on solid content (calculated by factoring out moisture content)

Measurement of the degree to which vitamin C remains in prepared
food after cooling based on solid content (calculated by comparing vitamin C levelsin the cooked
food preparation with vitamin C levels in the uncooked CSB/WSB

The length of time CSB/WSB spent in the water before being cooked

The length of time WSB/CSB was cooked
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Key to Laboratory Study Table

Four different types of food preparation were prepared mainly dependent on
their concentration.

Beverage: 8.3% CSB

Gruel: 13.8% CSB or WSB
Paste: 20.0% CSB or WSB
Dumpling: 41.5% WSB

WSB was made in gruel, paste and dumplings. CSB was made into beverage, gruel and paste.
The target level of vitamin C added was either conventional (40 mg/100g) or high (90 mg/1009)
but the level of vitamin A added was similar in both cases but the source of vitamin A would be
different.

The theoretical level of the vitamin in the cooked food was calculated from the assayed level in
the dry food corrected for the CSB/WSB concentration in the food. Percent retentions were
calculated as the average level of the vitamin during the first twenty minutes of cooking as a
percentage of that theoretical level and as the final level found as a percentage of that
theoretical level.
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Laboratory Food Preparation Studies - Temperatures and

Conditions

WHEAT SOY BLEND

Type/% WSB in Gruel Paste
product:
Vitamin C level  Normal High  Normal High
added:
Cooking pH: 6.8
Time (min) Temperature (degrees C ) of Food during Cooking
0 73
5 57 78
10 82 98
15 98 93 98
20 98 98
30 99 89
45 76 89
60 59 71
75 57 51
20 47 64
120 39 51 36 30
CORN SOY
BLEND
Beverage Gruel Paste
Vitamin C level: Norm High  Normal High  Normal High
al
pH: 6.8 7.2 6.8
Cooking
Time (min) Temperature (degrees C ) of Food during Cooking
0 69 70 50 58 38
5 98 99 67
10 89 96 98 98
15 95 97
20 75 20 96 93 80 88
30 64 59 91 93
45 83 56
60 53 38 70 55
75 50 33
90 34 38 47 54
120 33 35 45 32
Conditions of Food Preparations
Bever Gruel Paste Dumplin
age g




Mix
CSB or WSB (g)
water (ml)
hot water (ml)

sugar (g)

salt (g)
TOTAL (g)

Percent CSB/WSB in food not correcting for evaportation

125
500
750
125

3
1503

8.3%

350
1400
600
175

3.5
2528.5

13.8%

500
2000

2505

20.0%

200
280

(2000
ml)

482

41.5%
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Laboratory Food Preparation Studies - Vitamin A
Results

WHEAT SOY
BLEND
Type of Gruel Paste Dumpling
Food:
vitamin A Normal High Normal High Normal High
level
added:
Starting level of vitamin A (IU/100g) in food based on calculation
323 262 465 377 967 784
Cooking
Time (min.) Assayed level of vitamin A (IU/100g) in food product
0 330 180 790 630
5 380 340 730 670
10 280 270
15 300 380 370 590 530
20 370 270
25 630 540
30 370 320
45 440 350 640 670
60 300 320
75 450 440
20 380 320
120 340 320 440 360
Retention of vitamin A
Mean 20 101 97 82 94 73 78
min
Retention
(%):
Final 105 122 95 95 66 85
Retention
(%):

CORN SOY BLEND
Beverage Gruel Paste
Normal High Normal High Normal High

Starting level of vitamin A (IU/100g) in food based on calculation

170 179 282 298 407 429
Cooking
Time Assayed level of vitamin A (IU/100g) in food product
(min)
0 150 50 20 60 190 140

5 150 110 200 240



10 150 110 190 250
15 200 280 330 240
20 160 140 250 330
30 170 130 230 350
45 340 330
60 200 150 250 350
75 330 320
90 170 160 210 350
120 110 240 350 370
Retention of vitamin A
20 min 90 67 76 96 59 48
(%)
Final (%) 100 61 85 117 81 75
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Laboratory Food Preparation Studies - Vitamin C

Results
WHEAT SOY
BLEND
Type of Gruel Paste Dumpling
Food:
Vitamin C Normal High Normal High Normal High
level
added:
Starting level of vitamin C (mg/100g) in food based on
calculation
5 13 7 18 15 38
Cooking
Time (min.) Assayed level of vitamin C (mg/100g) in food product
0 3 9 12 23
5 5 13 6 17
10 3 9
15 9 5 11 5 13
20 3 8
30 3 9 5 13
45 5 12 4 10
60 3 9
75 5 11
20 3 7
120 3 9 4 10
Retention of Vitamin C
Mean 20 59 69 68 66 50 47
min
Retention
(%):
Final 59 71 54 55 26 26
Retention
(%):
CORN SOY BLEND
Beverage Gruel Paste

Normal High

Normal High Normal High

Starting level of vitamin C (mg/100g) in food based on

calculation

2 8
Cooking

3 13 7 19

Time Assayed level of vitamin C (mg/100g) in food product

(min)




0 2 6 4 13 5 11
5 2 6 5 10
10 2 6 3 10
15 3 11
20 2 6 3 11 4 10
30 2 6 3 11
45 4 10
60 2 6 3 11
75 3 10
90 6 3 11
120 6 3 11 3
Retention of Vitamin C
20 min 96 77 94 86 63 55
(%)
Final (%) 100 77 100 77 41 53
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Laboratory Food Preparation Studies - Effect of

Wetting
Vitamin
C (mg/100g
)
Product Plant Addition  Normal Wetted Wetted & Heated
Source Target  Method 3 min 6 min 10 min 6 min
WSB B 40 39 43 37 40 30
WSB B 20 69 66 75 64 56
CSB A 40 19 25 18 26 17
CSB A 20 87 89 89 88 80
CSB C 40 41 48 47 35 29
CSB C 40 37 27 29 30 23
CSB E 40 49 51 32 41 50

20 ml tap water was added to 5 gram of product for wetted samples.
After indicated time, extracting solution was added and analysis continued to completion.
Heating was done at 80 degrees C for six minutes.
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KEY for Analytical Data on Commodities Collected at Recipient Sites

Vitamin C assay

Niacin assay

Moisture assay

Water Activity assay

Vitamin A

FGIS

Sample Number

Vitamin C added
Conventional Vitamin C
High Vitamin C

Bag Location/Sampled

Bag Average

Time of cooking
(min:sec)

Results of measures for milligrams of vitamin C per 100 grams of
commodity

Results of measures for milligrams of niacin per 100 grams of
commodity

Results of measures for milligrams of water per 100 grams of
commodity

Ratio of the vapor pressure of water in equilibrium with food and the
vapor pressure of pure water at the same temperature

Results of measures for milligrams of Vitamin A per 100 grams of
commodity

Composite lot samples from the Federal Grant Inspection Service

Identification code of samples that can include lot number, sampling,
date, sampling time, etc.

The level of vitamin C added

Level (40mg/1009)

Level (90mg/1009)

1 The country in which the sample was taken

2. Which position of the bag the sample was taken from:
d- top of the bag
e- middle of the bag
f- bottom of the bag

Average taken from the group of 3,4 or 5 samples directly before the
average

The length of time WSB/CSB was cooked
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Data on Samples Collected in Bolivia

Wheat Flour at FHI-EL ALTO-LA

PAZ

Contract

1635
1635
1635
1635
1635
1624
1624
1624
1624
1624
1624
1624
1624
1624
1635
1635
1635
1635
1635
1624
1624
1624
1624
1624
1624
1624
1624
1624
1635
1635
1635
1635
1635
1635
1635

Lot

628
629
632
635
637
1408
1409
1450
1451
1453
1463
1464
1465
1467
1718
1719
1719
1722
1733
1452
1454
1455
1457
1458
1459
1460
1466
1467
637
642
642
652
652
658
1703

Bag
Location

>0 W>» ®>0>02>00>00O0>0>0O0HO0O000E>>>>EO0>T

Vitamin A (IU/1009g)
FGIS

1320
1450
1570
1820
1760
1720
2180
2210
2340
2140
1900
2420
1920
1860
1630
1720
1720
1850
1730
2200
2400
2060
2270
1900
2040
1900
2230
1860
1760
2030
2030
1690
1690
1920
1410

Bolivia

1,510
1,420
1,710
1,720
1,610
1,740
1,980
2,070
2,020
1,870
2,050
1,960
2,120
1,830
1,670
1,620
1,540
1,740
1,750
1,960
2,050
2,350
2,060
1,940
2,020
2,100
2,150
2,150
1,940
1,880
2,080
1,870
1,810
1,840
1,490




Appendix D.2
Data on Samples Collected in Bolivia

Bag Vitamin A (IU/1009)
Contract Lot Location FGIS Bolivia
1635 1704 A 1090 1,430
1635 1704 B 1090 1,100
1635 1710 A 1670 1,680
1635 1719 B 1720 1,540
1635 1719 C 1720 1,630
1635 1720 A 1730 1,700
1635 1722 A 1850 1,600
1635 1722 B 1850 1,600
1635 1735 A 1680 1,710
1635 1735 B 1680 1,750
1635 1736 A 1700 1,760
1635 1737 A 1700 1,660
1635 1746 B 1820 1,670
1635 1746 C 1820 1,700
1635 1752 A 1600 1,700
1635 1752 B 1600 1,740
1635 1753 B 1620 1,710
1635 1768 B 1900 1,940
1635 1768 C 1900 1,710
Bulgur at FHI-POTOSI-BOLIVIA ALMACEN
1619 Al 490
1619 C1 610
1619 B2 800
1619 A2 360
1619 B3 400
1619 C3 560
1619 A4 690
1619 B4 420
1619 A5 430
1619 B5 660
1619 B 6 400
1619 C6 610
1619 16 C 530 530
1619 15 A 520 520
1619 10 A 550 580
1619 13 B 560 870
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Vitamin C content in WSB at Production and at
Recipient Site in Haiti for same bags

Lots 1 through 4 have conventional level of vitamin C added

Lots 5 through 8 have high level of vitamin C added

Sample
number

Time

750
830
915
940
1030
1045
1150
1310
1335
1405
1425
1450
1515
730
750
855
950
1035
1045
1105
1120
1240
1315
1410
850
900
945
1130
1445
1450
1250
1330
1405
710
730
805
905
935
1010
1345
1110
1140
820

Day

8-Jul
8-Jul
8-Jul
8-Jul
8-Jul
8-Jul
8-Jul
8-Jul
8-Jul
8-Jul
8-Jul
8-Jul
8-Jul
9-Jul
9-Jul
9-Jul
9-Jul
9-Jul
9-Jul
9-Jul
9-Jul
9-Jul
9-Jul
9-Jul
10-Jul
10-Jul
10-Jul
10-Jul
10-Jul
10-Jul
10-Jul
10-Jul
10-Jul
11-Jul
11-Jul
11-Jul
11-Jul
11-Jul
11-Jul
11-Jul
11-Jul
11-Jul
12-Jul

lot

NOO~NOOOGOITOUOTU OO ORARDRMBREDMWWWWWWWWWNDNNNNNNNRERRRERREREPR

VITAMIN C (mg/100g)
at Production

44
45
39
50
32
52
48
47
45
44
40
37
42
38
38
47
41
44
49
43
43
50
40
39
39
37
44
60
87
76
72
89
66
88
100
92
71
66
69
64
74
58
67

in Haiti

40
38
43
37
40
38
39
35
38
35
38
38
35
34
41
41
35
40
37
37
35
37
34
38
34
40
36
84
69
80
85
76
92
85
91
82
79
95
100
81
74
63
70

Difference
-4
-7
4

-13
8
-14
-9
-12
-7
-9
-2
1
-7
-4
3
-6
-6
-4
-12
-6
-8
-13
-6
-1
-5
3
-8
24
-18
4
13
-13
26
-3
-9
-10
8
29
31
17
0
5
3
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Vitamin C content in WSB at Production and at
Recipient Site in Haiti for same bags

132 850 12-Jul 7 82 95 13
Sample VITAMIN C (mg/1009)
number Time Day lot at Production in Haiti Difference
138 1450 12-Jul 6 69 81 12
140 1440 12-Jul 6 88 88 0
142 910 12-Jul 7 66 63 -3
147 945 12-Jul 7 78 78 0
149 1030 12-Jul 8 77 82 5
153 1110 12-Jul 8 67 63 -4
155 1125 12-Jul 8 60 72 12
157 1250 12-Jul 8 84 76 -8
160 1345 12-Jul 8 83 99 16
Percent
Retention
Average All -0.18
Std. Dev. 11.47
Average 1-4 4285 37.52 -5.33 87.55%
Std. Dev. 4.70 2.39 5.48
number 27
Average 5-8 75.46  80.96 5.50 107.29%
Std. Dev. 10.86 10.39 13.29
number 28
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Tanzania Dry CSB Samples

Sample Number

CSB012097H1Da01
CSB012097H1Db02
CSB012097H1Dc03
CSB012097H1Da04
CSB012097H1Db05

Bag average

CSB012097C5Da06
CSB012097C5Db07
CSB012097C5Dc08
CSB012097C5Da09
CSB012097C5Db10

Bag average

CSB012197C6Dal1
CSB012197C6Db12
CSB012197C6Dc13
CSB012197C6Dal14
CSB012197C6Db15
CSB012197C6Dc21

Bag average
CSB012197H2Dal6
CSB012197H2Db17
CSB012197H2Dc18

CSB012197H2Db19
CSB012197H2Dc20

Bag average
CSB1a011897H
CSB1b011897H
CSB1c011897H

Bag average
CSB2a011897H
CSB2b011897H
CSB2c011897H

Bag average

CSB5a011897C

WATER VITAMIN A

(%)

9.66
9.57
9.63
9.74
9.71

9.66

9.46
9.45
9.43
9.39
9.33

9.41

9.62
9.57
9.57
9.50
9.63
9.81

9.62
9.53
9.52
9.57
9.55
9.55
9.544
10.00
10.00
9.74
9.91
10.20
10.20
10.20

10.20

9.59

(1U/100g)

2,270
2,170
2,130
2,110
2,020

2,140

890
930
650
1,030
830

866

970
1,100
880
940
1,130
1,060

1,013
3,870
3,530
3,720
3,730
4,350
3,840
630
580
800
670
990
980
1,020

997

1,020

ASSAY

VITAMIN C
(mg/100g)

94
95
88
96
96

94

36
23
22
28
34

29

24
27
33
25
29
28

28
160
160
160
140
160
156

15

13

21

16

29

29

31

30

27

NIACIN  Vitamin

C level
(mg/100g)  added
8.5 High
8.7
8.6
5.4 Conv.
5.4
55 Conv.
55
55
14.0 High
14.0
3.8 High
53 High
51 Conv.

VITAMIN C
TO NIACIN
RATIO

111

11.0

6.7

4.4

6.0

114

3.9

55
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Tanzania Dry CSB Samples

Sample Number WATER VITAMIN A  ASSAY NIACIN  Vitamin VITAMIN C
VITAMIN C C level TO NIACIN
(%) (1U/1009) (mg/100g)  (mg/100g)  added RATIO
5.3
CSB5hb011897C 9.59 1,120 16
CSB5c011897C 9.59 1,020 26
Bag average 9.59 1,053 23
CSB6a011897C 9.04 460 6 3.6 Conv. 1.7
CSB6b011897C 9.20 290 7
CSB6c011897C 9.32 400 14
Bag average 9.19 383 9
CSBVEPE00393a901  9.65 1,530 31 17.6 Conv. 1.8
CSBVEPEO00393h901  9.71 1,860 30
CSBVEPE00393c901 9.72 1,380 36
Bag average 9.69 1,590 32
CSBVEPE00393a915 10.50 1,700 32 22.8 Conv. 1.4
CSBVEPEO00393h915 10.40 1,350 22
CSBVEPE00393c915 10.40 2,410 31
Bag average 10.43 1,820 28
CSBVEPE00343a929 10.10 920 31 15.2 Conv. 2.0
CSBVEPE00343h929 10.10 1,530 35
CSBVEPE00343c929 10.10 2,540 34
Bag average 10.10 1,663 33
CSBVEPE00393a940  9.90 850 16 4.3 Conv. 3.7
CSBVEPEO00393h940 9.84 1,260 21
CSBVEPE00393c940  9.87 610 20
Bag average 9.87 907 19
CSBVEPE00393a966  8.96 1,590 39 25.6 Conv. 15
CSBVEPEO00393h966  9.64 1,640 31
CSBVEPE00393c966 8.80 2,780 35
Bag average 9.13 2,003 35
Conventional Vitamin C Level (40mg/100g) High Vitamin C Level (90mg/100g)
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CSB samples collected in India

Contract: VEPE00437 Vitamin A Vitamin C Niacin Moisture  Water
LOT No. Sampled Location Lot IU./10g mg/100g mg/100g % Activity
AO588AA Top 5 AA 2020 45 6.0 8.64 0.432
A0939AA Bottom 5 AA 1870 50 6.0 8.64 0.438
Al1241AA Bottom 5 AA 1800 40 6.0 8.43 0.416
Al1444AA Top 2 AA 1860 37 5.8 8.93 0.428
A2669AA Top 4 AA 1990 36 6.8 8.97 0.398
A0064AB Top 6 AB 1980 39 6.7 9.05 0.421
AO0078AB Bottom 6 AB 1930 42 7.0 8.94 0.415
A0421AB Bottom 5 AB 1800 41 6.6 9.19 0.437
A0877AB Top 4 AB 1920 41 6.7 9.24 0.441
AO0893AB Top 4 AB 2020 37 6.8 9.28 0.411
A1023AB Top 4 AB 1780 40 6.8 9.31 0.441
A1024AB Bottom 1 AB 1750 39 7.0 9.11 0.437
A1032AB Top 3 AB 1950 43 6.7 9.20 0.445
A1349AB Top 7 AB 1970 54 6.4 9.18 0.445
A1359AB Top 3 AB 1800 49 6.4 9.17 0.448
A1360AB Bottom 4 AB 1800 36 7.0 9.15 0.456
A1382AB Top 5 AB 1890 36 6.0 9.15 0.454
A2282AB Bottom 4 AB 1530 35 5.8 8.79 0.418
A2286AB Bottom 3 AB 1840 34 6.0 8.93 0.421
A2288AB Bottom 4 AB 1510 36 5.7 8.85 0.416
A2290AB Bottom 4 AB 1850 33 5.8 8.80 0.387
A2294AB Bottom 1 AB 2090 36 6.0 8.89 0.402
A2300AB Bottom 4 AB 1820 40 5.6 8.79 0.401
A2461AB Top 5 AB 1870 36 5.6 8.98 0.422
A2599AB Top 5 AB 2000 35 6.3 8.98 0.420
A2686AB Top 4 AB 1570 35 6.4 8.75 0.391
A0145AC Bottom 5 AC 1560 39 6.0 8.52 0.391
AO0548AC Top 5 AC 1740 47 5.8 8.67 0.390
AOI5S3AC Top 5 AC 1780 32 5.9 8.90 0.414

Key to
Location
1 Center 38
2 Center 40
3 Center 120
4 Warehouse
5 Warehouse
6 Center
7 Center
8 Center
Vit. A Vit. C Niacin  Moisture W.A.
AA and Average 1854.23 39.42 6.30 8.97 0.425
AB lots
only Std. Dev. 143.37 5.13 0.46 0.22 0.019
N 26 26 26 26 26.000
All samples Average 1837.59 39.41 6.26 8.95 0.422
Std. Dev. 147.57 5.24 0.45 0.23 0.020

N 29 29 29 29 29.000
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Data on Samples Collected

In Peru
Bag Bag Vitamin A
(1U/100g)
PVO Location Product Contract Lot Date Number Location in Peru
Prisma EI Augustio Bulgur 01619 9-22-98 1 A 630
Prisma EI Augustio Bulgur 01619 9-22-98 2 B 620
Prisma EI Augustio Bulgur 01619 9-22-98 3 C 590
Prisma EI Augustio Bulgur 01619 9-22-98 4 A 450
Prisma EI Augustio Bulgur 01619 9-22-98 5 B 650
ADRA Callao  SF Bulgur 01719 Elot91 9-23-98 1 A 400
ADRA Callao  SF Bulgur 01719 Wilot61 9-23-98 2 B 400
ADRA Callao  SF Bulgur 01719 Wlot36 9-23-98 3 C 730
ADRA Callao  SF Bulgur 01719 Wlot91 9-23-98 4 A 940
ADRA Callao  SF Bulgur 01719 Klot92 9-23-98 5 B 1,530
CARITAS Lima Wheat Flour 01761 14  9-25-98 1 A 1,250
CARITAS Lima Wheat Flour 01761 14  9-25-98 2 B 1,280
CARITAS Lima Wheat Flour 01761 14  9-25-98 3 C 1,220
CARITAS Lima Wheat Flour 01761 14  9-25-98 4 A 1,210
CARITAS Lima Wheat Flour 01761 14  9-25-98 5 B 1,250
CARITAS Lima Wheat Flour 01761 13 9-25-98 6 B 1,200
CARITAS Lima Wheat Flour 01761 13 9-25-98 7 A 1,400
CARITAS Lima Wheat Flour 01761 13  9-25-98 13 C 1,270
CARITAS Lima Wheat Flour 01761 12 9-25-98 8 B 1,320
CARITAS Lima Wheat Flour 01761 12 9-25-98 9 A 1,510
CARITAS Lima Wheat Flour 01761 12 9-25-98 10 C 1,490
CARITAS Lima Wheat Flour 01761 12 9-25-98 11 B 1,370
CARITAS Lima Wheat Flour 01761 12 9-25-98 12 A 1,340
CARITAS Lima Bulgur 01750 727  9-25-98 1 A 1,910
CARITAS Lima Bulgur 01750 727  9-25-98 2 A 780
CARITAS Lima Bulgur 01750 727  9-25-98 3 B 2,390
CARITAS Lima Bulgur 01750 727  9-25-98 4 C 1,510
CARITAS Lima Bulgur 01750 727  9-25-98 5 A 1,370
CARITAS Lima Bulgur 01750 727  9-25-98 6 B 2,080
CARITAS Lima Bulgur 01750 727  9-25-98 7 C 3,510
CARITAS Lima Bulgur 01595 11 9-25-98 8 A 330
CARITAS Lima Bulgur 01595 11 9-25-98 9 B 520
CARITAS Lima Bulgur 01595 11 9-25-98 10 C 790
CARITAS Lima Bulgur 01595 12 9-25-98 11 A 500
CARITAS Lima Bulgur 01595 12 9-25-98 12 B 740
CARITAS Lima Bulgur 01595 12 9-25-98 13 C 800
CARITAS Lima Bulgur 01750 727  9-25-98 14 A 1,580
CARITAS Lima Bulgur 01750 727  9-25-98 15 B 1,190
CARITAS Lima Bulgur 01750 727  9-25-98 16 C 1,660
CARITAS Lima Bulgur 01750 727  9-25-98 17 A 1,030
CARITAS Lima Bulgur 01750 727  9-25-98 18 B 1,980
CARITAS Lima Bulgur 01750 727  9-25-98 19 C 1,900
CARITAS Lima Bulgur 01750 727  9-25-98 20 A 1,010
CARITAS Lima Bulgur 01750 727  9-25-98 21 B 990
CARITAS Lima Bulgur 01750 727  9-25-98 22 B 1,510
CARITAS Lima Bulgur 01750 727  9-25-98 23 C 1,140
CARITAS Lima Bulgur 01750 727  9-25-98 24 A 1,150
CARITAS Lima Bulgur 01750 727  9-25-98 25 B 1,120




CARITAS Lima Bulgur 01750 727  9-25-98 26 C 940

CARITAS Lima Bulgur 01750 727  9-25-98 27 A 970
PVO- warehouse sample was taken from Bag location- position of the bag the sample was taken from:
Location- city or town where warehouse is located a- top of the bag
Contract- number printed on bag b- middle of the bag
Lot- number stamped on bag c- bottom of the bag

Date- sample taken on this day
Bag n