@ https://ntrs.nasa.gov/search.jsp?R=20160003100 2019-08-31T04:10:18+00:00Z

National Aeronautics and Space Administration

Food Fortification Stability Study

T.A. Sirmons?!, M.R. Cooper?, G.L. Douglas?
Lockheed Martin Exploration & Mission Services, 1300 Hercules MC:CO9, Houston, TX 77058
’NASA Johnson Space Center, 2101 NASA Parkway, Mail Code SF4, Houston, TX 77058

OBJECTIVES

This study aims to assess the stability of vitamin content, sensory

Evaluation
Sensory Evaluation- Untrained panelists (n > 25) evaluated samples for overall

acceptability, appearance, aroma, flavor, texture, and color, using a 9-point
hedonic scale after 6 months (35°C), and 1 year (4 C and 21°C) of storage.

AE values for most fortified products were significantly lower than the unfortified
versions during low-temperature storage. At 35°C, AE values for most products
exceeded the threshold of visible detection, regardless of fortification.
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Selection of Vitamins

Previous Advanced Food Technology (AFT) research has identified five
compounds (phylloguinones [vitamin K], thiamin [vitamin B1], folic
acid [vitamin B9], pantothenic acid [vitamin B5] and tocopherols
[vitamin E]) as candidates for the fortification blend. These
compounds show significant degradation trends in the spaceflight
food system and may not be adequately available on long-duration
missions. Vitamin selection was based on the following criteria:

* |svitamin concentration in the current International Space Station

Grilled Pork Chop was separated into gravy and chop.

Chicken Noodle Soup was divided into chicken, noodles, carrots and
sauce.

Curry Sauce with Vegetables was blended into a puree.

Rice with Butter was tested as-is.

All freeze-dried products were ground into coarse crumbles.

Italian Vegetables was excluded from color analysis, because the freeze-
dried pouches were too small for component separation and individual
components differ greatly in color, making it difficult to produce
meaningful data.
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Preparation of Vitamin Premixes

The above vitamins were blended into a premix (DSM, Freeport, TX),
such that the final concentration per serving would be expected to

Methods of Analysis of AOAC International ed.).

RESULTS

Sensory Analysis

The organoleptic quality of fortified space foods was maintained after 1 year
of storage at 4°'C and 21°C. Italian Vegetables, Scrambled Eggs, Chicken
Noodle Soup and Curry Vegetables received unsatisfactory scores following
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Color difference between initial analysis and 1 year of storage at 21°C. Color difference between initial analysis and 1 year of storage at 35°C.

Nutrient Analysis

The vitamin premix is relatively stable in most foods after 1 year of storage. The only
exception is thiamin, which appears to be unstable in thermostabilized foods, during elevated
temperature storage. Grilled Pork Chop had the greatest loss after 6 months and 1 year,
despite receiving the highest level of fortification across all foods.
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Table 1. Fortified Space Foods

and 35°C.

Color Analysis

There were notable color differences between control and fortified samples

Potatoes Au Gratin Curry Sauce with Vegetables

of Chicken Noodle Soup-carrot and Chicken Noodle Soup-noodle after 1 year

Scrambled Eggs Chicken Noodle Soup

of storage at 4°C. There were also visually detectable color differences
between control and fortified samples of Grilled Pork Chop-meat and Chicken

Italian Vegetables Grilled Pork Chop

Noodle Soup-carrot after 1 year of storage at 21°C.

Noodles and Chicken Rice with Butter

All samples were processed according to standard ISS production
specifications; each batch was sized to deliver about 180 servings of
product. Two-thirds of each batch was fortified with the vitamin
premix and the remaining product served as the control. Packages of
fortified and control foods were placed into chambers at 4°C, 21°C,
and 35°C for sensory, color, and nutritional evaluation through 2 years
of storage.

NOTE: In an effort to preserve quality, all freeze-dried foods were
placed into nitrogen-flushed metal cans (with O, scavengers),
immediately after production (according to spaceflight specification)
until they could be packaged into individual servings.
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Pork Chop- Pork Chop Noodle Noodle Noodle Noodle
Gravy - Meat Soup - Soup - Soup - Soup -
Sauce Carrot  Noodles Chicken

AE,, between control and fortified samples

Pot. Au Scram. Egg Ricew/ Noodle &
Gratin Butter  Chicken

W 1yr (4C) 1yr (21C) 1yr (35C) = Threshold of visible detection

Color Difference between Control and Fortified Samples after 1 year of storage.

WWw.nasa.gov

Concentrations of thiamin in fortified and control spaceflight foods after 6 months and 1 year of storage at 35°C.

CONCLUSIONS

Vitamin fortification reduces the rate of color degradation in stored space
foods; however, this activity is negated by high-temperature storage.

Vitamin fortification does not have a negative impact on sensory properties
of space foods, and 1-year data indicates that low-temperature storage (4
and 21°C) may maintain higher acceptability.

Vitamin fortification is a feasible option for delivering at least 25% of the RDI
of vitamin E, vitamin K, folic acid and pantothenic acid; thermostabilization
is detrimental to thiamin stability.

High-temperature storage seems to have a negative impact on all test
criteria, so use of refrigeration may prove beneficial during long-duration
missions.

FUTURE WORK

Samples that are stored at 4°C and 21°C will be evaluated after 2 years for
sensory acceptability, vitamin content and color degradation. Final results will
be used to determine the overall stability and acceptability of commercially
available fortificants.




