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Introduction: Doughnuts are fried foods that absorb significant amounts of oil, and commercial doughnuts made
from wheat flour typically contain 24 to 26 percent oil. The use of additives, especially hydrocolloid compounds, in
reducing the oil uptake in doughnuts is a practical method because there is no need to make changes in the industrial
design of the equipment. Usually, the level of these compounds used to achieve the desired properties in food systems is
less than 2% dry basis. When these compounds are added to the dough, they form a gel as soon as possible, which has a
high water holding capacity in contact with hot oil, and this will be effective in maintaining and controlling the moisture
content of the product and preventing oil penetration. Controlling moisture outflow from the product reduces the rate of
moisture migration and compounds from the food into the frying oil, and subsequent peroxidation reactions in the oil
consumed are reduced, thus increasing the useful life of the oil. Therefore, in this study, the effect of xanthan gum and
carboxymethylcellulose on doughnut quality characteristics was studied.

Materials and Methods: For this purpose, in the formulation of doughnut dough, xanthan gums,
carboxymethylcellulose and a combination of these two gums (50:50) were used at the rate of 0.5, 1 and 1.5 percent based
on the weight of the dry matter of the dough. The doughnut dough was prepared and molded. The fermentation was
carried out for 30 minutes under similar industrial conditions (40°C and 40% humidity). Then the frying process at 180°C,
icing and packaging were performed, respectively. The moisture content of the dough and doughnuts, the oil uptake of
doughnut, density, color and the porosity ratio of the samples were measured. Also, the qualitative characteristics of shelf
life, including soft tissue assessment, non-absorption of icing and non-growth of mold were investigated within 14 days.
Statistical analysis was performed in a completely randomized design (p<0.05).

Results and Discussion: The results showed that, the moisture content of the samples always increased with elevating
the percentage of hydrocolloid compounds. Qil absorption decreased with increasing gum percentage and the lowest oil
content was observed in the samples containing xanthan gum. Unlike xanthan, the density decreased and the volume
increased with elevating the percentage of carboxymethylcellulose gum. Therefore, the highest porosity and softness of
the tissue were found in samples containing carboxymethylcellulose. The brightness parameter (L*) was higher in samples
containing xanthan, which could be due to the higher moisture content. The red parameter (a*) was also higher in the
samples containing xanthan, which due to the higher compression of the product, a relatively more red pigment was
observed with increasing xanthan level. The yellowness parameter (b*) in xanthan-containing samples was lower due to
reduced oil absorption. The intensity of the color changes (dE) decreased as the percentage of gums increased. Non-
absorption of icing was less in hard sample containing xanthan, which could be due to xanthan's competition with gluten
in suction of surface water. Mold growth was not observed for any treatment. Overall, the best additive ratio of xanthan
gum was 0.5% in terms of reduced oil absorption. Also, the use of carboxymethylcellulose at the level of 0.5% alone
could improve the softening of the product texture and made the doughnut with larger volume. Simultaneous use of
xanthan gum and carboxymethylcellulose showed behavior under effect of xanthan gum.

In general, xanthan gum was more effective than carboxymethylcellulose gum in reducing oil uptake and moisture
retention at test levels. Xanthan has shown the greatest reduction in oil absorption due to its thermal gelling and thickening
properties, as it has a high capacity for water retention when product is in contact with hot oil. Since the xanthan gum is
inexpensive, its effects on product volume can be further investigated in research work, along with bulking agents or other
hydrocolloid compounds.

Keywords: Oil uptake, Doughnut, Frying, Xanthan.
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