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Abstract 
Introduction: This study aimed to quantify the impact of food processing on 
micronutrient content in fortified biscuits and noodles produced in Bangladesh and 
Indonesia. 
Methods: Pre-mix, dough, final product and raw ingredient samples were collected 
from biscuit and noodle factories.  The samples were analyzed by a laboratory to 
determine the micronutrient content in the samples.  Statistical analysis was carried out 
on the laboratory results to quantify the impact of food processing on micronutrient 
content. 
Results: The vitamin C content found in the dough samples collected from Bangladesh 
was very low, average 13.56 mg/kg, which was below the calculated fortification level 
of 457 mg/kg.  Vitamin B1 content was 6.02 mg/kg below the calculated fortification 
level for instant noodles.  The concentration of folic acid in dried noodles was 0.71 
mg/kg below the calculated fortification level.   
Discussion: Many of the vitamins were unstable in the dough, particularly vitamin C.  
The amount of vitamin C found in the final product was only about 60% of WFP’s final 
product specification.  The micronutrient content in the final product as a percentage of 
WFP specification varies great between factories and within factories.  The retention of 
micronutrients was great in the factory that used the molding die versus the factory that 
used the cutting die.  
Conclusion: Minimize the amount of time between the addition of pre-mix to the dough 
and the processing of the dough.  Vitamin C should not be included in the premix used 
in biscuit fortification.  WFP should provide specifications on the desired micronutrient 
content in the final product instead of pre-mix formulations.  The contribution of 
micronutrients from all raw materials needs to be considered when fortifying food.  
WFP should consider procuring from factories that use the molding die process and not 
from factories that use a cutting die process to produce biscuits.   
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Introduction 
Micronutrient deficiencies are widespread and affect large number of people in 
developing countries.  Approximately 2 billion people worldwide suffer from some kind 
of micronutrient deficiency, causing a wide array of disorders and increasing the risk of 
death, disease and disability (1).  Many studies have been conducted that aim at 
determining the prevalence of micronutrient malnutrition, some of which include: 
Vitamin A (2), iodine (3), iron (4) and zinc (5).  Other groups have monitored the trends 
in micronutrient malnutrition (6).  Each of the previous mentioned micronutrients have 
respective consultative groups (13-16) organized to improve understanding of the 
impact of specific micronutrient malnutrition, develop programs aimed at combating 
malnutrition, and monitor trends in prevalence of malnutrition.   
 
The above mentioned micronutrients have received much attention due to the high rates 
of micronutrient malnutrition in many countries around the world.  There are other 
forms of micronutrient malnutrition that are not wide spread, but confined to small 
geographic areas. These deficiencies need to be monitored so that they do not lead to a 
larger problem an example is selenium (9), which has been mainly studied in areas of 
China.  Vulnerable populations, like refugees, are susceptible to health problems 
associated with micronutrient deficiencies such as scurvy (vitamin C) (28), beriberi 
(vitamin B1), pellagra (niacin) and angular stomatitis (an indicator of B vitamin 
deficiency, notably riboflavin) (10). 
 
A  World Food Programme (WFP) priority is to support the most vulnerable people at 
most critical time of their lives.  In order to achieve this priority, WFP provides 
nutritious micronutrient rich foods for school feeding and maternal child health 
programs, and man-made and natural disaster relief.  Thailand Burma Border 
Consortium (TBBC) provides fortified foods to refugees in order to combat 
malnutrition.  Fortified food is expensive relative to basic commodities; for example 
wheat soy blend (WSB) costs $305/metric ton (MT), biscuits cost $720/MT compared 
to wheat ($160/MT) and rice ($260/MT) (18).  The added cost of fortified foods 
compared to standard commodities largely results from food processing costs, and not 
the cost associated with the addition of micronutrients.  It is important to WFP, TBBC 
and food processors to improve the understanding of fortified food quality, in order to 
ensure that the beneficiaries are actually benefiting from the micronutrients that were 
paid for. 
 
The impacts of micronutrient malnutrition are wide ranging and the affects are social, 
economic and clinical. Few besides specialists are aware of the scale and severity of 
vitamin and mineral deficiency, or of what it means for individuals and for nations.  It 
means the impairment of growing minds and the lowering of national IQs (20).  It 
means wholesale damage to immune systems (21), and the death of millions of children 
a year (24).  It means serious birth defects (22) and the deaths of young women a year 
during pregnancy and childbirth (25).  And it means the large-scale loss of national 
energies, intellects, productivity, and growth (23). 
 
The Micronutrient Initiative (MI) predicts that fortified foods will play an increasingly 
important role in addressing micronutrient deficiencies (19).  Food fortification is 
utilized by TBBC and WFP to deliver micronutrients to beneficiaries.  In regards to 
fortification, the World Bank states that “Probably no other technology available today 
offers as large an opportunity to improve lives and accelerate development at such low 
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cost and in such a short time” (7).  Fortified foods are included in TBBC and WFP food 
baskets and are particularly important in school feeding and maternal/child health 
programs in Asia.  Various types of fortified foods that exist on the market include 
fortified blended foods (FBF), biscuits, noodles, and flour.  Examples of FBF are wheat 
soy blend (WSB), corn soy blend (CSB) and Asiamix. 
 
This study investigated the impact of food processing on micronutrient content in 
biscuits and noodles.  The objectives of this study was to 1) quantify the micronutrient 
content in premix, dough and final product samples collected from biscuit and noodle 
factories in Bangladesh and Indonesia 2) determine the impact of baking on 
micronutrient content in biscuits 3) determine the impact of steaming and frying/drying 
on micronutrient content in noodles.  The study’s conclusions will be used to improve 
WFP and producer awareness regarding micronutrient fortification. 
 
Samples of biscuits and noodles were collected from factories in Bangladesh and 
Indonesia.  Pre-mix, dough, finished product and raw material samples were collected 
from biscuit and noodle factories.  The samples were analyzed in a laboratory to 
determine micronutrient content and macronutrient composition.  The results from the 
laboratory were statistically analyzed to determine the impact of food processing on 
micronutrient content. 
 
Methods 
Once arriving in the factories, the factory managers were briefed on the objectives of 
the study, on how the samples were to be collected and on what support was needed 
from the factory, i.e. freezer space, heat sealer, etc.  The managers were informed that 
there should be no change in production practices during sampling.  In order to 
encourage participation the managers were informed that the results will be 
communicated and explained to the factory managers.  Also, the factories are easily 
identifiable therefore WFP verbally promises that before, after and during (1) no penalty 
will be drawn from the result and (2) that WFP will provide technical assistance to 
overcome any potential malfunctioning in the fortification process.   
 
The production of biscuits and noodles were documented with photographs when 
allowed by the factory managers. 
 
Documentation of the recipe 
The factory managers were asked to provide a detailed recipe that was followed in the 
factories on the days of sampling.  The order and quantity that the ingredients were 
added to the mixer was recorded when possible.  The manufacturer, lot numbers, 
country of origin, production date and best used before dates, for the raw ingredients 
was recorded, when possible.   
 
Biscuit sample collection 
Biscuit samples were collected from three factories in Bangladesh, and from two 
factories in Indonesia.   
 
Three samples were collected from the biscuit factories.  The first sample was a 500 
gram sample of the vitamin/mineral pre-mix used in the biscuit production.  The 
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vitamin/mineral pre-mix was scooped from the pre-mix supplier bag using the ladle that 
the factory uses to allocate the appropriate amount of pre-mix.   
 
The second sample was a 200 gram dough sample collected from the cart that transports 
the dough from the mixer to the hopper where the dough was fed on to the production 
line.  The sample was collected by placing a glove or plastic bag over a hand and 
scooping approximately 200 grams of dough from the cart into polypropylene bags. 
 
The third sample was a 200 gram of biscuits collected right before packaging.  The 
sample was collected by placing a glove or plastic bag over a hand and collecting 
approximately 200 grams of biscuits from packing tables in Bangladesh or from the 
production line right before automated packing in Indonesia.  
 
 
Noodle sample collection in Indonesia only 
Instant noodle samples were collect from one factory, and dried noodle samples were 
collected from another factory.  Same methods were used to collect both types of 
samples. 
 
Four samples were collected from the noodle factories.  The first sample was a 500 
gram sample of the vitamin/mineral pre-mix used for noodle production.  The 
vitamin/mineral pre-mix was scooped from the pre-mix supplier bag using the ladle that 
the factory uses to allocate the appropriate amount of pre-mix.   
 
The second sample was a 200 gram dough sample collected from the hopper that feeds 
the production line.  The sample was collected by placing a glove or plastic bag over a 
hand and scooping 200 grams of dough from the hopper into polypropylene bags. 
 
The third sample was 200 grams of steamed noodles collected from the production line 
after the noodles were steamed and before they were either fried or dried.  The steamed 
sample was collected by placing a glove or plastic bag over a hand and randomly 
grabbing steamed noodles that were cut by the machine. 
 
The fourth sample was the final product, either dried or instant noodles, collected right 
before packaging.  The final noodle sample was collected by placing a glove over a 
hand and randomly grabbing blocks of noodles from the production line right before 
automated packing.  
 
Biscuit and noodle samples 
The samples were collected from 3 different batches.  A batch of one commodity was 
defined as the quantity of product made from the same raw materials without changing 
any production parameters.  An interruption of production, shift change or raw 
ingredient change, was used to differentiate between two batches as the possibility of 
different outcomes existed.  In each factory, a shift change was used to differentiate 
between two batches, and a raw ingredient change was used to differentiate between the 
other batches.  For example a shift change was used to differentiate between batch one 
and batch two, and a raw ingredient change was used to differentiate between batch two 
and batch three.  
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Within in each batch samples were collected at three different times in order to ensure 
that the sample represented the batch.  The three 200 gram samples were blended 
together in the laboratory in order to make a composite sample that represented one 
batch.   
 
All samples, both noodle and biscuits, were collected in polypropylene bags that were 
sealed using a heat sealer, and placed into another bag that was heat sealed.  The only 
exception was in one factory were a vacuum sealer was used to seal the polypropylene 
bags.  The samples were placed in a black plastic bag, to protect from light. 
 
The samples were placed into a freezer (-20 C) within 30 minutes of collection.  A sheet 
of paper was included in each bag that contained the following details: Sample number; 
date of sample collection; time of sample collection; baking time or 
baking/steaming/drying or frying time; oven temperature/steamer temperature/drier 
temperature or oil temperature; batch number; part of batch; and factory and location. 
 
All samples were collected in duplicate with one sample transported to Thailand for 
laboratory analysis and the other samples stored in the country until the study was 
completed.  During transportation, samples were packed into an ice box with several ice 
packs in order to ensure that they remained frozen.  Immediately upon arrival in 
Bangkok, samples were transported to a freezer. 
 
Additional samples collected in Indonesia 
In Indonesia an unfortified sample was collected from each factory in exactly the same 
was as the fortified samples except in three of the factories the sample was collected at 
only one time, not at three times during a batch and the samples were collected from 
only one batch.  The factories used the exact same recipe, but they did not add the 
vitamin/mineral premix to the sample. 
 
In Indonesia samples of the wheat flour were collected from each factory. 
 
Laboratory analysis 
All the samples were analyzed by Overseas Merchandise Inspection Co., Ltd. (OMIC) 
in Bangkok.  The laboratory methods are included in Annex 1.   
 
The moisture and micronutrient content was determined for the pre-mix, dough and 
biscuit samples.  The samples collected in Bangladesh were analyzed for the following 
micronutrients: Vitamin A; Vitamin D3; Vitamin E; Vitamin B1; Vitamin B2; Vitamin 
B3; Vitamin B5; Vitamin B6; Vitamin B12; Vitamin C; Folic Acid; Iron; Iodine; and 
Zinc.  Additional macronutrient analyses were conducted on the biscuit samples that 
included: Protein; fat; and ash.  
 
The moisture content and micronutrient content was determined in the pre-mix, dough 
and biscuit sample for samples collected from biscuit factories in Indonesia.  The 
samples collected from biscuit factories in Indonesia were analyzed for the following 
micronutrients: Vitamin A; Vitamin D3; Vitamin E; Vitamin B1; Vitamin B2; Vitamin 
B3; Vitamin B5; Vitamin B6; Vitamin B12; Folic Acid; Iron; Zinc; Selenium; and 
Calcium. 
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The moisture content and micronutrient content was determined in the pre-mix, dough, 
steamed noodles and fried/dried noodles for samples collected from noodle factories in 
Indonesia.  The samples collected from noodle factories in Indonesia were analyzed for 
the following micronutrients: Vitamin A; Vitamin D3; Vitamin E; Vitamin B1; Vitamin 
B2; Vitamin B3; Vitamin B5; Vitamin B6; Vitamin B12; Folic Acid; Iron; Zinc; 
Selenium; and Calcium. 
 
The moisture content was determined in the wheat flour samples along with the content 
of the following micronutrients: Vitamin B1, vitamin B2, folic acid, iron, zinc and 
calcium. 
 
In order to determine the micronutrient content in the samples, OMIC used in house 
methods adapted for the specific matrices like dough, biscuits, noodles, etc.  High 
pressure liquid chromatography was used to isolate the following vitamins: Vitamin A; 
Vitamin D3; Vitamin E; Vitamin B1; Vitamin B2; Vitamin B3; Vitamin B5; Vitamin 
B6; Vitamin B12; Vitamin C; and Folic Acid.  Atomic absorption was used to isolate 
the following minerals: Iron, Zinc, Calcium and Selenium.  Gas chromatography was 
used to isolate iodine.    
 
The macronutrient analysis was carried out by using approved Association of Official 
Analytical Chemist (AOAC) methods.  Ash analysis followed AOAC (2002) 923.03 
method.  Fat analysis used AOAC (2002) 920.39 method.  Moisture analysis conducted 
by AOAC (2002) 925.10 method.  Protein analysis determined by AOAC (2002) 954.01 
method.  
 
Statistical analysis 
Statistical analysis was carried out on the laboratory results.  First, all the laboratory 
values were adjusted to represent 100% recovery.  Then the micronutrient content was 
adjusted for moisture content so that it was reported on a dry weight basis.  All values 
quoted in the report have been adjusted for recovery first, and then adjusted for 
moisture. 
 
The micronutrient concentration contributed by the vitamin/mineral premix was 
calculated for each factory.  The figure was determined by multiplying the laboratory’s 
vitamin/mineral results by the pre-mix to dough ratio, which represents the content on a 
wet weight basis.  The wet weight content was adjusted to a dry weight basis by using 
the average moisture content in the doughs collected from the respective factories.  This 
calculation will be referred to as the “calculated fortification level” or “calculated 
fortification concentration” in the report.    
 
The micronutrient content was presented in box plots that included median, the 25th-75th 
percentile range, non-outlier range and outliers.  Using the pre-mix concentrations 
determined by the laboratory, the expected micronutrient content in the dough was 
calculated.  This line was included on the box plot.  The software program Statistica 
release 7 was used to generate the box plots.   
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Results 
   
The manufacturer’s specification compared to the premix results, corrected for 
moisture, determined by the laboratory for Unibis presented in Table 1.  The 
corresponding table for the samples collected in Bangladesh and Indonesia reported in 
Annex 2 and Annex 3, respectively. 
 
Table 1: Indonesia (Unibis): Manufacturer’s specification versus micronutrient content determined by the 
laboratory and the percent of manufacturer’s specification 
 
Micronutrient Pre-mix Specification 

(from label) 
mg/kg 

Content of the Pre-mix 
(laboratory analysis) 

mg/kg 

% label

Vitamin A 6789.00 10940.00 161 
Vitamin E 36401.10 48620.00 134 
Vitamin B1  11400.00 19650.00 172 
Vitamin B2  7000.00 5710.00 82 
Vitamin B3  84500.00 102300.00 121 
Vitamin B6  8700.00 10180.00 117 
Vitamin B12  11.80 10.53 89 
Folic Acid 1297.00 1210.00 93 
Iodine 1045.00 567.71 54 
Iron 87600.00 84350.00 96 
Zinc 91500.00 92540.00 101 
Selenium 137.90 310.00 225 
   
All the micronutrient content results from the laboratory analysis were reported on a wet 
weight basis, and the moisture content was reported too.  Vitamin D3 was below the 
detection limit of 0.4 mg/kg, and vitamin B12 was below the detection limit of 1.5 
mg/kg.  Therefore these two vitamins were excluded from the annex.  Recovery values 
as percentage of micronutrient recovery were determined for most micronutrients from 
the different matrices: dough; steamed noodle; fried/dried noodle; biscuit; and wheat 
flour.  The macronutrient composition was reported as a percentage in final product.  
The laboratory results for Bangladesh Biscuits included in Annex 2.  The laboratory 
results for Indonesia biscuits and noodles are included in Annex 3.  The pH for the 
dough samples was determined by the laboratory, see table 2. 
 
Table 2: pH for dough samples 
 
Sample pH 
Bangladesh Biscuits 8.79 
Indonesia Biscuits-Unibis 8.63 
Indonesia Biscuits-Tiga Pilar 8.60 
Indonesia Noodles-Olaga 6.29 
Indonesia Noodles-Tiga Pilar 5.79 

 
In order to compare micronutrient content in dough, steamed product (noodles only) and 
final product all values were corrected for both moisture content and laboratory 
recovery.  A summary the results for Unibis were included in Table 3.  The Bangladesh 
and Indonesia summaries were included in Annex 2 and Annex 3, respectively.   
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Table 3: Indonesia (Unibis): Calculated fortification level (premix contribution), micronutrient content in 
dough, micronutrient content in finished product and WFP final product specification  
 
Micronutrient Calculated  

Fortification Level 
mg/kg 

Micronutrient Content 
 in Dough 

mg/kg 

Micronutrient Content 
 in Finished Product 

mg/kg 

WFP Final Product 
 Specification 

mg/kg 
Vitamin A 11.67 11.33 11.86 4.50 
Vitamin E 51.87 82.54 92.98 50.00 
Vitamin B1  20.97 5.48 14.05 6.00 
Vitamin B2  6.09 2.51 17.54 6.00 
Vitamin B3  109.15 88.33 116.91 80.00 
Vitamin B6  10.86 7.06 10.32 6.00 
Folic Acid 1.29 2.11 2.13 0.80 
Iodine 0.61 1.17 0.93 1.00 
Iron 90.00 136.66 131.08 80.00 
Zinc 98.73 126.94 121.15 80.00 
Calcium 324.73 692.71 680.04 2000.00 
Selenium 0.34 1.88 1.16 0.12 
 
 
The contributions from the raw materials was estimated by collecting samples were the 
premix was not added to the dough.  The micronutrient content in unfortified final 
product, premix contribution to the fortified product (“calculated fortification level”), 
the unfortified product plus the premix contribution and fortified final product for the 
Unibis samples were compared in Figures 1-3.  The graphs for the other factories in 
Indonesia were included in Annex 3.  The calcium content was included in its own 
figure in Annex 5. 
 
 
Figure 1: Indonesia (Unibis) vitamin E, vitamin B3, Iron and Zinc content (mg/kg) in unfortified product, 
contribution of premix to finished product, unfortified product plus premix contribution and fortified final 
product 
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Figure 2: Indonesia (Unibis) vitamin A, vitamin B1, vitamin B2 and vitamin B6 content (mg/kg) in 
unfortified product, contribution of premix to finished product, unfortified product plus premix 
contribution and fortified final product 
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Figure 3: Indonesia (Unibis) folic acid, iodine and selenium content (mg/kg) in unfortified product, 
contribution of premix to finished product, unfortified product plus premix contribution and fortified final 
product 
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Box plots comparing micronutrient content in dough versus micronutrient content in 
biscuits with the calculated fortification level, represented as a line, for samples 
collected from Bangladesh included in Annex 4.  Box plots comparing micronutrient 
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content in dough versus micronutrient content in biscuits with the calculated 
fortification level, represented as a line, for samples collected from Indonesia, two 
factories reported separately, included in Annex 5.  Box plots comparing micronutrient 
content in dough versus micronutrient content in steamed noodle versus micronutrient 
content in final noodle with the calculated fortification level, represented as a line, for 
samples collected from Indonesia, two factories represented individually, included in 
Annex 6.  
 
Bangladesh biscuits 
The vitamin C content found in the dough samples collected from Bangladesh was very 
low, average 13.56 mg/kg, which was well below the calculated fortification level of 
457 mg/kg.  Also, vitamin B1 content, average 7.03 mg/kg, in dough collected from 
Bangladesh was significantly lower than the calculated fortification level of 9.3 mg/kg.   
 
Vitamin B5 was stable in dough collected from Bangladesh, see box plot 1.  The 
average vitamin B5 concentration in the dough was 39.51 mg/kg, which was quite 
similar to the calculated fortification level of 36.10 mg/kg. 
 
 
Box plot 1: Vitamin B5 content for Bangladesh biscuits 
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Indonesia biscuits 
Vitamin B1 was detected at very low levels, 5.48 mg/kg in the dough from Unibis.  The 
vitamin B1 content in the final product was 14.05 mg/kg, in the biscuits was lower than 
the calculated fortification level of 20.97 mg/kg, see box plot 2. 
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Box plot 2: Vitamin B1 content for Unibis 
Vitamin B1 (mg/kg)
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Indonesia instant noodles 
For instant noodles collected from Indonesia, vitamin B1 content was below the 
calculated fortification level, see box plot 3.   
 
Box plot 3: Vitamin B1 content for instant noodles 
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The concentration of folic acid in the final product was below the calculated 
fortification line, see box plot 4.   
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Box plot 4: Folic acid content for instant noodles 
Folic Acid (mg/kg)
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Vitamin B6 showed significant losses in the processing of instant noodles, see box plot 
5.   
 
Box plot 5: Vitamin B6 content for instant noodles 
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Indonesia dried noodles 
The folic acid content in the dried noodles was below the calculated fortification level, 
see box plot 6.   
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Box plot 6: Folic acid content for dried noodles 
Folic Acid (mg/kg)
Tiga Pilar Noodles

 Median 
 25%-75% 
 Non-Outlier Range Dough

Steamed
Noodles

1,0

1,2

1,4

1,6

1,8

2,0

2,2

2,4

2,6

2,8

3,0

3,2

3,4

 
There was a loss of Vitamin B6 during the production of dried noodles in Indonesia, see 
box plot 7.   
 
Box plot 7: Vitamin B6 content for dried noodles 
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WFP Spcifications 
WFP supplies final product specifications to the factories on the final micronutrient 
content.  Figure 4 shows the percent of WFP final product specifications for all biscuit 
fac.  The percent WFP final product specifications for the other factories was included 
in Annex 6.   
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Figure 4:  Percent WFP final product (biscuits) specifications 
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Discussion 
The Micronutrient Assessment Project (MAP) conducted by Sharing United States 
Technology to Aid in the Improvement of Nutrition (SUSTAIN) identified problems in 
meeting micronutrient standards during food processing, and that losses of 
micronutrients occur during food preparation.  The current study, “Impact of processing 
and preparation on micronutrient content and quality” will complement a future study  
“Impact of local food preparation techniques on micronutrient content and quality” to be 
carried out by TBBC and WFP.   The two studies will further investigate issued raised 
by SUSTAIN and determine if progress has been made in improving fortification. 
 
Food fortification is a complex process and many factors need to be considered when 
developing a fortification system, especially when multiple micronutrients are added to 
foods.  Micronutrient-micronutrient interactions need to be considered when 
fortification programs are developed.  Another characteristic of vitamins that need to be 
taken into consideration is the solubility of the vitamin.  Vitamin C, B complex and 
folic acid are water soluble. Vitamin A, vitamin D and vitamin E are fat soluble.   
 
This study investigated the impact of food processing on micronutrient content in 
biscuits and noodles. Biscuits baked at a high temperature for some time with both the 
temperature and time varying from factory to factory.  Noodles are first steamed and 
then either fried or dried depending on the type of noodle be produced, instant or dried 
respectively.  
 
In order to determine the impact of food processing samples were collected of the 
premix, dough, steamed product (noodles) and finished product.  The laboratory 
analysis on the premix showed a range of 54-225%, see table 1, of manufacturer’s 
specifications, provided by WFP, for the micronutrients included in the premix 
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collected from Unibis. Sometimes the manufacturer adds an overage to account for the 
potential loss of micronutrients during storage and processing, which might explain the 
high premix concentrations. Other micronutrients may have been destroyed during 
transport and storage which may explain the low concentrations in the premix. 
 
The premix is not the only source of micronutrients, the raw materials also contribute 
some micronutrients to the final product, see figure 1-3.  The raw materials contribute 
vitamin B2, folic acid, iron and zinc to the finished product, but do not contribute much 
vitamin B3, vitamin B1 or vitamin B6 to the final product. 
 
Micronutrients can be destroyed or lost by various mechanisms.  Micronutrients are 
susceptible to light, oxidizing agents, reducing agents, heat, humidity, acids and alkalis.  
Vitamin B1 is highly sensitive to heat, and vitamin A, vitamin D and vitamin C are 
sensitive to heat (17). Vitamin C, vitamin B1 and vitamin B12 are sensitive to humidity 
(17).  
 
The micronutrient content in the final product as a percentage of WFP specification 
varies great between factories and within factories.  The micronutrient contribution from 
raw materials may not have been accounted for therefore the percentage of WFP final 
product specification was high.  Factories may not be including the proper amount of 
calcium to achieve the WFP final product specification in the recipe because it is 
expensive to fortify at that level.   
 
Micronutrient stability in dough 
The biscuit dough was generally an alkaline environment.  Vitamin C and vitamin B1 
are highly sensitive to alkalis (17).  The alkaline environment was one possible 
explanation for the near disappearance of vitamin C in biscuit dough.  Vitamin C was 
difficult to maintain in premixes since it was susceptible to destruction by so many 
environmental factors (26).  OMIC carried out an investigation on the stability of 
vitamin C in dough.  The laboratory fortified a dough sample with vitamin C.  
Immediately after mixing the dough the vitamin C was extracted from the dough and 
found to be very close to the concentration that the dough was fortified at.  The dough 
was left on the laboratory counter for one day.  The laboratory tried to extract vitamin C 
from the dough after sitting on the counter for one day, but no vitamin C was detected.   
 
The concentration of vitamin B5 in dough collected from Bangladesh biscuit factories 
was over the calculated fortification level by 3.41 mg/kg.  The additional amount of 
vitamin B5 was likely contributed by the wheat flour and the soy flour that have 
micronutrient concentrations of 4.6 mg/kg and 19.8 mg/kg respectively.  In Bangladesh 
biscuit dough, the estimated contribution of vitamin B5 by wheat flour and soy flour to 
the dough was estimated to be 3.45 mg/kg and 0.99 mg/kg respectively (27).  Taking 
these contributions into consideration, the dough should contain 40.54 mg/kg, and it 
actually contained 39.51 mg/kg a difference of only 1.03 mg/kg.  Vitamin B5 was one 
of the most stable vitamins in an alkaline environment (26).     
 
Many of the vitamins were unstable in the dough, and the laboratory was not able to 
extract even the calculated fortification level.  Further investigations need to be carried 
out on what led to the destruction of micronutrients in the dough samples.  The 
destruction was possibly due to the alkaline pH or presence of microbes.    
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Biscuits 
The biscuit factories in Indonesia used production line.  In one of the factories a 
molding system was used were the dough was dumped into the hopper that directly fed 
into the die that cut the biscuits.  In the other factory a cutting system wad used where 
the dough was run through rollers to make a sheet of dough.  The sheet of dough was 
passed through a die that cut out the biscuits.  The cutting system is a more expensive 
mode of production compared to the molding system.  The retention of vitamin B1 and 
vitamin B2, refer to Annex 3, was significantly better in the biscuits produced with the 
molding die versus the biscuits produced by the cutting process.  The retention was 
slightly better for the other micronutrients in biscuits produced by the molding process 
versus the cutting process.  
 
The concentration of vitamin B1 in the biscuit samples collected from Indonesia was 
well below the calculated fortification level.  Vitamin B1 was quite unstable, possibly 
due to the alkaline environment of the dough samples.  The low levels of vitamin B1 
found in the biscuits collected from Indonesia could also be caused by heat during the 
baking process because vitamin B1 is highly sensitive to heat (17). 
 
In many cases the fortification level exceeds the calculated fortification level, which 
likely indicates contribution of micronutrients from other ingredients used to make the 
biscuits.  The wheat flour in Indonesia is fortified with micronutrients, refer to Annex 3, 
and it comprises 50-60% and 74-76% of the recipe for biscuits in noodles respectively.  
The dried skim milk provided a significant contribution of calcium to the final product.  
Dried skim milk contained 13,479 mg/kg (27).  The contribution of calcium from dried 
skim milk was approximately 470 mg/kg.   The salt used in the recipes is iodized and 
contributes iodine to the product. 
 
Indonesia instant noodles 
Vitamin B1 content below the calculated fortification level in instant noodles indicated 
that destruction of vitamin B1 occurred during noodle production.  The pre-mix was not 
the only source of vitamin B1; wheat flour also contributes vitamin B1, but was not 
accounted for in the calculated fortification level.   
 
Folic acid also appeared to be quite unstable during the production of instant noodles.  
The pre-mix was not the only source of folic acid as the wheat flour was calculated to 
contribute an additional 1.23 mg/kg after adjusting for recovery and moisture.  Folic 
acid was highly sensitive to oxidizing agents and reducing agents, and sensitive to light, 
acids and alkalis (17).  The pH of the dough was 6.29, which may have led to some of 
the destruction of folic acid.  The presence of Zinc, a reducing agent, may have 
interacted with folic acid lead to its loss. 
 
A loss of vitamin B6 also occurred during the production of instant noodles.  Vitamin 
B6 was sensitive to light, acids and alkalis.  The acidic nature of the dough, pH 6.29, 
may have contributed to the loss of vitamin B6. 
 
Indonesia dried noodles 
The results indicated a loss of folic acid because the content in the final product was 
below the calculated fortification level.  The pre-mix was not the only source of folic 
acid in dried noodles.  The premix contributed 2.99 mg/kg, and the wheat flour 



 17

contributed an additional 1.35 mg/kg.  Folic acid was highly sensitive to oxidizing 
agents and reducing agents, and sensitive to light, acids and alkalis (17).  The pH of the 
dough was 5.79, which may have led to some of the destruction of folic acid.  The 
presence of Zinc, a reducing agent, may have interacted with folic acid lead to its loss. 
 
The results indicated a loss of vitamin B6 during production of dried noodles. Vitamin 
B6 was sensitive to light, acids and alkalis (17).  The acidic nature of the dough, pH 
5.79, may have contributed to the loss of vitamin B6. 
 
Conclusions 
 
The dough appeared to be an unstable environment for the following vitamins: Vitamin 
A, vitamin B1, vitamin B2, vitamin B3 vitamin B6 and vitamin C.  WFP will need to 
advise producers that it is important to reduce the amount of time from when the pre-
mix is added to the dough to the time the dough is processed.  By minimizing this time, 
the producer will minimize the amount of micronutrients lost due to the instability of 
micronutrients in dough. 
 
Vitamin B1, folic acid and vitamin C were highly sensitive to food processing.  It will 
be important to adjust the overage of these vitamins to account for the loss during food 
processing in order to ensure that there will be the desired amount in the final product.  
Another option would be to explore the potential of more stable forms of the 
micronutrient fortificants in order to minimize the losses that occur during food 
processing. 
 
Vitamin C should not be included in the pre-mix for biscuits produced in Bangladesh.  
The amount of vitamin C lost during food processing, about 40%, is too great 
considering that vitamin C accounts for nearly 50% of the pre-mix cost.  Including 
vitamin C in the pre-mix is not cost-effective.  Vitamin C is not recommended to be 
added to pre-mixes used to fortify biscuits (17). 
 
When WFP develops contracts with factories to produce fortified foods for WFP, WFP 
should provide the factory with specifications that indicate the desired micronutrient 
content in the final product instead of providing the factories with a pre-mix 
formulation.  There are too many food processing variables in each factory that make it 
difficult to use a specific pre-mix formulation.  The producers along with the pre-mix 
manufactures need to produce a pre-mix formulation appropriate for the specific factory 
based on the conditions and processes in that factory.    
 
When developing a fortification process, WFP and producers need to consider all the 
potential sources of micronutrients.  The contribution of micronutrients from fortified 
raw ingredients needs to be accounted for when developing a fortified product.  Vitamin 
B2, folic acid and iodine far exceed the WFP specifications for micronutrient content in 
the final product. 
 
The biscuits produced with a cutting die are more expensive to produce than biscuits 
produced with a molding die.  The retention of micronutrients was better in biscuits 
produced with the molding than biscuits produced with the cutting die.  Therefore WFP 
should consider procuring from factories that use the molding die process and not from 
factories that use a cutting die process to produce biscuits.   



 18

 
 
Acknowledgements 
A special thanks to Abdul Quddus and Maria Catharina for facilitating the sample 
collection in Bangladesh and Indonesia, respectively.    
 
Thank you to Frances Davidson from USAID and Roy Miller from ISTI for supporting 
this study.  Andrea Menefee, Brian Brook, Sally Thompson and Tim Moore from 
TBBC were extremely patient and very helpful during the study, thank you very much.  
Also, thank you to Judit Katona-Apte and Bertrand Salvignol from WFP for their 
valuable input. 
 
Thanks to all the staff from the following factories: New Olympia Biscuit Factory; 
Resco Biscuit & Bread Factory; Masafi Biscuit Factory; OlagaFood; Unibis; and TPS 
Food. 
 



 19

References 
 
 

1) Global Alliance for Improved Nutrition (GAIN) webpage 
http://www.gainhealth.org/worldnutrition.asp 

2) WHO.  Global Prevalence of Vitamin A Deficiency.  Micronutrient Deficiency 
Information System Working Paper No. 2. Geneva, World Health Organization, 
1995. 

3) WHO.  Progress towards the elimination of Iodine Deficiency Disorders. 
Geneva, World Health Organization, 1999. 

4) WHO.  The prevalence of anemia in women: a tabulation of available 
information. Geneva, World Health Organization, 1992. 

5) International Zinc Nutrition Consultative Group (IZiNCG).  Assessment of the 
risk of zinc deficiency in populations and option for its control.  Food Nutr Bull 
2004; 25(1) S130-S162. 

6) Mason J et al.  Recent trends in malnutrition in developing regions: Vitamin A 
deficiency, anemia, iodine deficiency, and child underweight.  Food Nutr Bull 
2005; 26(1) 59-162. 

7) World Bank. Enriching Lives.  Overcoming Vitamin and Mineral Malnutrition 
in Developing Countries.  World Bank: Washington, D.C. 1994. 

8) SUSTAIN.  Micronutrient Assessment Project.  USAID. 1999. 
9) Ge K, Yang G.  The epidemiology of selenium deficiency in the etiological 

study of endemic diseases in China.  Am J Clin Nutr 1993; S57 259S-263S 
10) Refugee Nutrition Information System (RNIS).  Report on the Nutrition 

Situation of Refugee and Displaced Populations.  1997; 22 
11) Lynch S, Stoltzfus RJ.  Iron and ascorbic acid: Proposed fortification levels and 

recommend iron compounds.  J Nutr 2003 133: 2978S-2984S.  
12) FAO/WHO expert consultation.  Human vitamin and mineral requirement.  

Bangkok Thailand.  2002.   
13) International Council for the Control of Iodine Deficiency Disorders. 

http://www.people.virginia.edu/~jtd/iccidd/oup  
14) International Vitamin A Consultative Group.  http://ivacg.ilsi.org/ 
15) International Nutritional Anemia Consultative Group.  http://inacg.ilsi.org/ 
16) International Zinc Consultative Group.  http://izincg.ucdavis.edu/ 
17) Hoffman La Roche.  Fortification basics: Stability.  Basel 
18) WFP.  F.O.B Prices for WFP-Supplied Commodities. February 2005. 
19) Micronutrient Initiative.  Vitamin and mineral deficiency: A global progress 

report.  http://www.micronutrient.org/reports/report.asp?cntry=Full.  Visited on 
26/08/05. 

20) Bryan J, Osendarp S, Hughes D, Calyaresi E, Baghurst K, van Klinken JW.  
Nutrient for cognitive development in school-aged children.  Nutr Rev 2004 
Aug;62(8):295-306.  

21) Cunningham-Rundles S, McNeeley DF, Moon A.  Mechanisms of nutrient 
modulation of the immune response.  J Alergy Clin Immunol 2005 Jun; 
115(6):1119-28.  

22) Keen CL, Clegg MS, Hanna LA, Lanoue L, Rogers JM, Daston GP, Oteiza P, 
Uriu-Adams JY.  The plausibility of micronutrient deficiencies being a 
significant contributing factory to the occurrence of pregnancy complications.  J 
Nutr 2003 May 133(5) Suppl (2):1597S-1605S. 



 20

23) Darnton-Hill I, Webb P, Harvey PW, Hunt JM, Dalmiya N, Chopra M, Ball MJ, 
Bloem MW, de Benoist B.  Micronutrient deficiencies and gender: social and 
economic cost.  Am J Clin Nutr 2005 May;81(5):1198S-1205S. 

24) Lopez A. Malnutrition and the burden of disease.  Asia Pac J Clin Nutr 2004; 13 
(Suppl):S7. 

25) Van den Broek N.  Anaemia and micronutrient deficiencies.  Br Med Bull 2003; 
37:149-60. 

26) Coelho M. Vitamin stability in premixes and feeds: A practical approach in 
ruminants diets.  Proceedings 13th annual Florida Ruminant Nutrition 
Symposium. 127-145  

27) Souci SW, Fachmann W, Kraut H.  Food composition and nutrition tables.  6th 
edition.  2000. 

28) Assefa F, Jabarkhil MZ, Salama P, Spiegel P.  Malnutrition and mortality in 
Kohistan District, Afghanistan, April 2001.  JAMA 2001; 286(21): 2723-8.  

 
 
 
 
 
 
 
 
 
 


