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FHARXEA Iron, zinc and ascorbic acid enrichments of whole potato tubers
by vacuum impregnation
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In the last decades consumer demands in the field of food production has changed
considerably. Consumers more and more believe that foods contribute directly to their
health. Today foods are not intended to only satisfy hunger and to provide necessary
nutrients for humans but also to prevent nutrition-related diseases and improve
physical and mental well-being of the consumers. The development of functional foods is
currently one of the most intensive areas of food product development worldwide. The
global functional food market is estimated to be 47.6 billion US$; the United States is
the largest market segment, followed by Europe and Japan. Moreover, the functional
food industry is currently striving to functional new products to the rapidly growing
markets.

In functional ingredients, iron is required for hemoglobin production in the cell
precursors, and thus insufficient iron delivery to the red cell precursor’s results in
impaired erythropoiesis and an iron-deficient anemia. Iron deficiency (ID) is the most
widely distributed nutrient deficiency state, affecting some 2 billion people worldwide
and impairing the function of iron-dependent enzymes and proteins. USDA reports that
62% of women aged 20 and older are ID. Moreover, zinc is involved in many biochemical
processes supporting life. However, conservative estimates suggest that more than 25%
of the world’s population is at risk of zinc deficiency (ZD). In addition, ascorbic acid (AA)
is an essential component of most living tissues. As an antioxidant, it plays an
important role in protection against oxidative stress. The UK Low Income Diet and
Nutrition Survey carried out between 2003 and 2005 found evidence of vitamin C

deficiency in an estimated 25% of men and 16% of women. Another 20% of the



population had vitamin C levels in the depleted range.

Potatoes are an essential food crop all around the world and were the first non-grain
food product. It is ranked fifth in terms of human consumption and fourth in worldwide
production.

One of the alternatives for the development of new products in the food industry is the
use of vacuum impregnation (VI). VI is the application of low pressure to a solid-liquid
system, followed by the restoration of atmospheric pressure. To achieve a better efficient
impregnation in VI process, it is required to know the suitable VI conditions. VI
efficiency has been reported to depend on process parameters, including vacuum
pressure, vacuum time and restoration time.

In the present research, studies on enriching iron, zinc and AA contents of whole potato
tubers by VI were attempted in order to supply nutritious whole potatoes to consumers.
Concerning VI of potato, no studies exist on vacuum impregnation of iron and zinc. In
addition, there are no studies concerning the distribution of ascorbic acid content within
vacuum-impregnated potatoes, and effect of storage time on ascorbic acid content of
vacuum-impregnated potatoes.

This study was carried out to evaluate the effect of vacuum pressure, vacuum time and
restoration time on the iron and zinc contents of VI whole potatoes. The effects of
steam-cooking and storage at 4 °C on iron and zinc contents of VI whole potatoes were
also evaluated. Further, the effect of VI treatment on cell structures of potatoes was
investigated. In addition, the longitudinal or transverse distribution of iron, zinc and
AA contents within VI potatoes was examined. The effect of VI treatment time for
stored potatoes on iron, zinc and AA contents of VI potatoes was also investigated.

The following conclusions were obtained from the studies:

1) The iron content of VI potatoes increased with vacuum level (pressure). Also, iron and
zinc contents of VI potatoes increased with vacuum time and restoration time.

2) VI-cooked unpeeled or peeled potatoes had 6 times higher iron contents than
un-VI-cooked unpeeled or peeled potatoes. European daily potato consumption (260 g) of
the VI-cooked unpeeled and peeled potatoes provided adult men with 93-104% and
67-90% of the RDA of iron, respectively. Also, the daily potato consumption of the
unpeeled and peeled potatoes supplied adult women with 43-48% and 31-41% of the
RDA level, respectively. Moreover, the VI potatoes had 6 times higher iron contents (>4
mg/100 g fr.wt.) through 30 days of storage at 4 °C, compared with un-VI-treated
potatoes.

3) VI-cooked unpeeled or peeled potatoes had 63-94 times and 47-75 times higher zinc
contents than un-VI-cooked unpeeled or peeled potatoes, respectively. Daily worldwide
potato consumption (86 g) of the VI-cooked unpeeled and peeled potatoes provided adult
men with 130-148 and 100-135% of the RDA of zinc, respectively. Also, the daily potato
consumption of the unpeeled and peeled potatoes supplied adult women with 178-203%
and 137-185% of the RDA levels, respectively. The high zinc content of VI potatoes was
kept during 4 °C-storage for 30 days.

4) Microstructure analysis showed that VI occurred without disrupturing internal cells



of whole potato tubers.

5) The bud end of VI-uncooked or VI-cooked potatoes had higher (»p<0.05) iron and zinc
contents compared with the middle and stem sections of VI-uncooked or VI-cooked
potatoes. Moreover, the outer section within VI-uncooked or VI-cooked potatoes had
higher (p<0.05) iron, zinc and ascorbic acid contents than the middle and center sections
of VI-uncooked or VI-cooked potatoes. This information will be useful for school lunches
and hospital foods where cut pieces are supplied instead of whole potatoes.

6) The iron, zinc and AA contents of VI-uncooked or VI-cooked potatoes decreased
during storage. The optimal VI treatment time for potatoes stored at 4 ‘C was within
one month of storage. This result will give useful information for potato processors to
determine the optimal VI treatment time of stored potatoes.

Finally, this study indicated that VI treatment of whole potatoes with iron, zinc and AA
solutions was useful for enriching the iron, zinc and AA contents of peeled or unpeeled
cooked potatoes.
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