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Abstract

This work aimed to evaluate the chemical composition of organic orange and purple-
fleshed sweet potatoes (OFSP and PFSP, respectively) and its flours and to determinate 
the technological quality and the nutritional facts of these organic flours. Fresh samples 
and flours presented proximal composition and starch, crude fiber, acidity contents and 
pH values in agreement with previous studies. The starch contents ranged from 65.41 to 
103.7% for fresh OFSP and PFSP, respectively. OFSP and PFSP flours presented 90.13 
and 88.15% of total carbohydrates, respectively. Both flours presented fiber contents 
of 2.57%. The OFSP flour presented 191 kcal, and its vitamin A content represents 
85.3% of daily values. It was also found that the organic flours presented interesting 
technological properties, allowing to be used as raw materials in the preparation of 
food products.

Introduction

Sweet potato was brought to Europe by Columbus 
and subsequently introduced to Africa and Asia by the 
Portuguese and Spanish traders (Salawu and Mukhtar, 
2008). The crop is highly adaptable and tolerates high 
temperatures, low fertility soil and drought (Laurie et 
al., 2013). A large percentage of the sweet potatoes 
produced in China is used for production of starch 
and related products (Mei et al., 2010). This tuber 
is a versatile crop with multiple uses, and could be 
used as a substitute for rice and corn, besides being 
a potential source of raw materials, and has been 
processed as feeds, flour, starch, and pectin (Ramesh 
et al., 2006).

Traditionally, sweet potato varieties produced 
and sold in southern Africa have a pale coloured 
flesh, but new biofortified orange flesh sweet potato 
varieties (OFSP) have been introduced. They present 
high concentrations of β-carotene (provitamin A) 
(Oirschot et al., 2003; Oki et al., 2006; Tomlins et al., 
2012). Orange-fleshed sweet potato (OFSP) is among 
the biofortified staples bred for high provitamin 
A potential (CIP, 2006). Burri (2011) reports the 
importance of sweet potato, as an intervention food to 
prevent vitamin A deficiency. In contrast to the pale-
fleshed varieties that have been grown by farmers, 
these new varieties with high β-carotene contents, 

could benefit an estimated 50 million children under 
age 6 who are currently at risk (Tomlins et al., 2012). 
Furthermore, the high content of carotenoids provides 
antioxidants properties (Oki et al., 2006).

OFSP flours are also provitamin A sources, and 
presents important effects to human health (Alves 
et al., 2012). Rodrigues et al. (2013) evaluated the 
effects of OFSP processing into flours, showing a 
negative impact on total carotenoids and vitamin A. 
However, even with losses after processing, flour can 
be considered sources of these compounds.

Purple-fleshed sweet potato (PFSP) is a 
functional food rich in anthocyanins that has been 
reported to possess unique color, nutrition and 
disease-preventive properties (Goda et al., 1997; 
Tian et al., 2005; Hwang et al., 2011c). In the past 
few years, sweet potato cultivars with deep purple 
flesh were developed in Japan, Korea, New Zealand, 
and other countries to meet a growing demand in the 
health food markets (Lee et al., 2000; Phillpot et al., 
2003). It has been reported that the concentration 
of anthocyanins in PFSP is similar to the highest 
anthocyanin production crops, such as blueberries, 
blackberries, cranberries or grapes (Bridgers et al., 
2010). Anthocyanins from PFSP have been shown to 
exhibit strong radical scavenging and antimutagenic 
activity, significantly reduce high blood pressure, and 
have anti-inflammatory, antimicrobial, and ultraviolet 
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protection effects (Oki et al.,  2002; Suda et al., 2003; 
Teow et al., 2007). 

 It’s characteristic to create food products for 
normal and specialized nutrition on the basis of raw 
material obtained from various cultivated and wild-
growing forms of plants (Alexeev et al., 2015). 
According to Ladjal Ettoume and Chibane (2015), the 
use of legume flours could serve as cheap and alternate 
source of nutrients, and are useful for inclusion in 
the human diet for their beneficial health effects and 
to improve overall nutritional status of functional 
food. Therefore, in this study we investigate the 
physico-chemical characteristics of organic OFSP 
and PFSP and its flours. Furthermore, we evaluated 
the nutritional facts and the technological quality of 
these co-products.  

Materials and Methods

Material
Orange and purple-fleshed organic sweet 

potatoes were obtained from Embrapa Agrobiologia- 
Seropédica/ Rio de Janeiro, Brazil, in july and august 
2014, respectively. 

Sample preparation
Sweet potatoes were washed, sanitized, peeled 

and comminuted in multiprocessor and stored in 
polyethylene bags at -18˚C for 2 days until processing. 
Flours were obtained as follows: the samples were 
washed, sanitized, peeled and sliced manually. Thus, 
they were blanched at 100˚C for 20 minutes and hot-
air dried at 65˚C for 24 h. After these steps, the dried 
samples were ground and stored under refrigeration 
at -18˚C.

Chemical and physical composition
Moisture, protein, fat and ash contents and pH 

were determined according to the methodology 
described by Association of Official Analytical 
Chemists (AOAC, 1997) and expressed in g per 100 
g of dry weight (DW). Total carbohydrates content 
was determined by difference, according to AOAC 
(1990), and expressed by Equation 1:

Total carbohydrates (%)= 100- (L+P+F+A) Equation (1)

Where: L=lipids (%); P=proteins (%); F=crude fiber 
(%); A=ash (%).

Starch contents were determined according 
to AACC (1995). Crude fiber was determined by 
gravimetric method described by Kamer and Ginkel 
(1952). Starch and crude fiber were expressed in 

grams per 100 g of dry weight. Acidity content 
followed as described by Adolfo Lutz Institute 
(2009), and expressed in miligrams of NaOH per 100 
g of dry weight (DW).
Determination of technological quality of organic 
flours

The yield of each flour was evaluated according to 
Vieira and Silva (2010).The water absorption (WAI) 
and water solubility (WSI) indexes were determined 
according to Anderson et al. (1969). Fat absorption 
index (FAI) was taken according to the method of 
Dench et al. (1981); the volume swelling power (SP), 
followed by the methodology reported by Robertson 
et al. (2000).

Nutritional facts of organic flours
Nutritional information of organic flours were 

determined as preconized by Resolution RDC 
360/2003 (Brasil, 2003a). The portion and home 
measure were determined according to Resolution 
RDC 359/2003 (Brasil, 2003b).

Results and Discussion

Physico-chemical composition
The chemical composition of organic orange 

and purple-fleshed sweet potatoes (OFSP and PFSP) 
and its flours are presented in Table 1 and Table 2, 
respectively. Generally, the proximate composition 
of fresh sweet potato tubers and flours in this study 
are in agreement with the values reported by Aina 
et al. (2009). Moisture content of the fresh tubers 
ranged from 69.4 to 73%, and 6.9 to 10.97% in 
flours. Ash content depends on the type of food and 
determination method employed (Cecchi, 2003). 
Ash contents of fresh samples varied between 2.04% 
(OFSP) and 3.80% (PFSP), and for flour, these values 
ranged from 2.11% (OFSP) and 3.07% (PFSP). 
OFSP flours showed higher protein content (4.8%) 
when compared to fresh samples (3.69%), as PFSP 
flours, which presented 5.82% of protein while fresh 
PFSP presented 5.7% of proteins. Sibt-e-Abbas et al. 
(2015) reported higher crude protein contents (26.17 
and 27.42%) for peanut flours, wich can supplement 
bakery products. Bartova and Bárta (2009) found 
that potatoes are not considered a rich source of 
protein. However, presents a kind of protein with 
high nutritional and biological potential. According 
to Garcia (2013), the increase in average mass and 
the accumulation of starch may contribute to a lower 
protein content during tubers generation. According 
to Aina et al. (2009), sweet potato-like other roots 
and tubers is known for its low fat contents. Fresh 
samples of OFSP and PFSP presented the same 
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content (0.42%) of fat. Flours shower lower fat 
content than others (Ahmed et al., 2010; Kidane et al., 
2013). Jangchud et al. (2003) reported fat content of 
0.6% for OFSP flours, for example. OFSP and PFSP 
flours showed higher fat content when compared to 
cassava flours (0.17 to 0.20%) (Chisté et al., 2007).

Starch content obtained in present study ranged 
from 65.41 to 103.7% (fresh samples of OFSP and 
PFSP, respectively) and 33.66 to 92.67% (OFSP and 
PFSP flours, respectively). Results showed that PFSP 
presents higher starch contents when compared to 
OFSP. These ones are higher than the values reported 
by Andrade Junior et al. (2012) for some cultivars 
of fresh sweet potatoes, of 23.9% (DW). Results 
showed that processing affected the starch content of 
fresh samples negatively, probably due to degradation 
of starch during the drying step, which resulted 
in lower starch content of flours. Abegunde et al. 
(2013) observed values of starch ranging from 91.9 
to 95.6% (DW) for eleven cultivars of sweet potato. 
Chiwona-Karltun et al. (2015) evaluated processing 
effects on biochemical composition of cassava, and 
obtained starch contents between 53.12 and 76.34%. 
These authors showed that the different processing 
techniques had only minimal but significant effects 
on the starch and sugar content of the different 
cassava varieties.

Tables 1 and 2 shows the mean values of crude 
fiber contents of fresh samples which ranged from 
3.68 to 4.28% (OFSP and PFSP, respectively). These 
results are higher than the mean value reported by 
Ravindran et al. (1995) for sixteen cultivars of sweet 
potatoes of 2.36% (DW) and the contents found 
by Aziz et al. (2013) for ten varieties of potatoes 
(2.40%, DW). On the other hand, the mean value of 
crude fiber of OFSP and PFSP organic flours is 2.57% 
(DW), suggested that these compounds decreased 

after processing, which is not in accordance with 
other studies (Li et al., 1995; Jangchud et al., 2003), 
in which crude fiber content increased after samples 
blanching and cooking.

Ribeiro et al. (2015) observed that cauliflower 
stalk flour and cauliflower leaf flour contained a high 
amount of crude fiber, ranging of 31.13 to 47.07%, 
respectively. These results are higher than fiber 
contents found in the present study. Although the 
information presented, fiber contents of OFSP and 
PFSP flours did not present a functional allegation, 
according to RDC˚ 18 (1999), which establishing 
basic guidelines for analysis and proof of properties 
functional and/or health in food labels. It is established 
that a portion of cereals and tubers flours (50 g or a 
quarter cup) needs to contain at least 3 g of dietary 
fibers to have functional allegation and health effects.

In this study, organic OFSP presented total 
carbohydrates content of 90.17 and 90.13% (for fresh 
samples and flours, respectively). Organic PFSP 
presented carbohydrates content of 85.8 and 88.15% 
(for fresh samples and flours, respectively) (DW). 
Fresh samples demonstrated higher carbohydrates 
content, compared to mean value reported by TACO 
(2011), of 28.2% for sweet potatoes. However, flours 
presented carbohydrates content similar to values 
found by Leonel et al. (1998) for sweet potato flours.

Fresh samples and flours presented pH values 
at the same range, from 6.55 to 6.58, showing that 
pH is not influenced by processing. Results are in 
agreement with other studies. Roesler et al. (2008) 
reported pH values ranging from 6.15 to 6.38 for 
different varieties of PFSP and from 6.12 to 6.51 
for pink-fleshed sweet potatoes. Steed and Truong 
(2008) studied PFSP, obtaining pH values among 6.0. 
Leonel et al. (1998) have also reported pH value from 
6.37 for sweet potatoes starchs. The acidity content 

Table 1. Chemical composition of orange-fleshed sweet 
potatoes (OFSP) and its flours

*Results are expressed in dry basis (except moisture values).

Table 2. Chemical composition of purple-fleshed sweet 
potatoes (PFSP) and its flours

*Results are expressed in dry basis (except moisture values).
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of fresh samples were 1.08 and 0.9 mL NaOH. 100 
g-1 (dry sample) (OFSP and PFSP, respectively) and 
of flours were 0.91 and 0.87 mL NaOH.100 g-1 (DW) 
(OFSP and PFSP, respectively). A small descrease of 
acidity was observed after processing. These values 
are in accordance with Roesler et al. (2008), who 
reported an acidity content ranging of 0.65 to 2.48 
mL NaOH. 100 g-1 (DW) for different cultivars of 
sweet potatoes. Leonel et al. (1998) found a mean 
value of 0.93 mL NaOH. 100 g-1 (DW) for sweet 
potato starch, which is similar to acidity contents of 
organic sweet potatoes flours reported in this study.

Determination of technological quality of organic 
OFSP and PFSP flours

Yields, water solubility index (WSI), water 
absorption index (WAI), fat absorption index (FAI) 
and swelling power (SP) of organic OFSP and PFSP 
flours are presented in Table 3. Yields of different 
flours presented no difference and were similar to 
the values obtained by Vieira and Silva (2010) (26.3 
and 24%) who also evaluated flours obtained by 
two different cultivars of sweet potatoes. The water 
solubility index (WSI) is related to the amount of 
soluble solids on a dry sample, allowing to check 
the severity of the treatment, depending on the 
degradation, gelling, dextrinization and consequent 
solubilization of starch. A low WSI indicates less 
degradation of starch by rupture of the molecule and 
thus greater absorption of water, which positively 
reflect in the rate of water absorption (WAI) (Oak 
et al., 2002). These same authors, when evaluating 
the effect of extrusion parameters in mixtures of 
wheat flour, rice and banana, concluded that under 
conditions of high temperature WSI was higher, 
indicating greater degradation of starch granules.

The WSI were higher for OFSP flour (38.87 to 
38.90%) compared to PFSP flours. Yadav et al. (2006) 
found solubility index of 20 to 30% for sweet potato 
flour obtained by different methods. Jangchud et al. 
(2003) found WSI of 21.4 to 51.3% for orange and 
purple sweet potato flours, unbleached and bleached 

at different temperatures. Shih et al. (2009) obtained 
WSI of 18.2 to 52% for extruded orange and yellow 
sweet potatoes. Ahmed et al. (2010b) obtained WSI 
of 22.40 to 27.23% for sweet potato flours obtained 
by drying at different temperatures. Abegunde et al. 
(2013) found WSI from 8.56 to 19.97% in starches 
extracted from different varieties of sweet potato. 
Ahmed et al. (2010) evaluated PFSP flours obtained 
by spray drying, for different concentrations of 
encapsulating material, obtaining WSI between 
44.97 and 82.19%, higher than found in this study, 
which can be explained by the difference in the 
method of production, and even the presence of the 
wall materials. 

According to Faubion and Hoseney (1982), WAI 
is an indicative of the availability of molecules of 
hydrophilic groups (such as hydroxyl) to interact 
with water molecules. The water absorption 
rates are related to the degree of degradation of 
macromolecules, which interferes with the ability 
thereof to absorb water (Guha et al., 1997). OFSP 
presented highest WAI. Similar values were obtained 
by Singh et al. (2003), who evaluated potatoes flour 
obtained by drying (5.6 to 5.82%). Ahmed et al. 
(2010) found WAI of 0.86 to 1.48% for encapsulated 
flours, and 1.14% for non-encapsulated PFSP flours, 
obtained by spray drying. Ahmed et al. (2010a) 
reported WAI of 2.27% in sweet potato flours dried 
at 65 ˚C. 

High FAI is desirable in products such as meat 
extenders, viscous products such as soups, processed 
cheese and pasta, it improves mouthfeel (Cheftel 
et al., 1989). These authors further argue that the 
mechanism of AG is mainly attributed to physical 
retention of lipids by protein modification and it can 
increase or decrease the AG. Wall (1979) found that a 
protein can serve as humectant and emulsifier and fat. 
Orange and purple fleshed sweet potatoes presented 
FAI of 69.4% and 49.55%, respectively. These 
results differed from those found by Osundahunsi et 
al. (2003) for red (9 to 12%) and white sweet potato 
flours (10%), which have lower absorption capacity 
for flour fat studied. According to Ayadi et al. 
(2009), fibers may be responsible for increase water 
absorption capacity and, consequently, of fat. This 
behavior was observed in the present study, as the 
BDPA flours showed higher FAI, compared to flours 
PFSP, which can be explained by the fact that they 
have higher content of crude fiber (Table 1).

Jangchud et al. (2003) evaluated sweet potatoes 
flours, obtaining SP of 7.4 to 29.2 mL. g-1 in OFSP 
flours and 7 to 24.3 mL. g-1 in PFSP flours. Abegunde 
et al. (2013) found swelling power ranging from 
13.46 to 26.13 mL. g-1 for sweet potatoes starch 

Table 3. Yield, WSI, WAI, FAI and SP determination of 
organic orange and purple-fleshed sweet potatoes (OFSP 

and PFSP) flours

WSI-water solubility index; WAI-water absorption index; FAI- 
fat absorption index; SP- swelling power.
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obtained from 11 different cultivars. Ahmed et al. 
(2010) found SP from 1.92 to 2.56 mL. g-1. A study 
taken by Adeleke and Odedeji (2010) evaluated the 
influence of wheat flour addiction on the quality of 
sweet potatoes flours, and obtained SP of 8.63 mL. 
g-1 for wheat flour, 6.01 mL / g for sweet potato flour 
and 6.35 to 6.85 mL. g-1 for mixed flours. Aina et al. 
(2009) reported SP values ranging from 6.7 to 23.5 
mL. g-1, for sweet potatoes flours obtained from 
different varieties.

Nutritional facts of organic flours
In Figure 1, it is shown the nutritional facts 

of organic orange-fleshed sweet potatoes flours, 
including its vitamin A content, and in Figure 2, it is 
shown the nutritional facts of organic purple-fleshed 
sweet potatoes flours.

The portion size for cereals and tubers flours is 50 
g, corresponding to a quarter cup (BRASIL, 2003b). 
In nutritional facts charts, carbohydrates, proteins and 
fibers were considered in order to calculate the total 
calories. Total, saturated and trans fats, sodium and 
fiber contents of organic flours present no significant 
amounts, thus they are labeled as “not significant”.

The calories of a portion of OFSP and PFSP flours 
were 191 and 190 kcal, corresponding to 9.5% of the 
daily value (DV) for a 2000 calorie diet values. An 
interesting finding is that the consumption of 50 g of 
OFSP flour accounted for 85.3% of the recommended 
daily value for vitamin A. 

Conclusion

The results show that the chemical composition of 

fresh organic sweet potatoes its flours is in agreement 
to literature, and have an excellent nutritional 
profile. From a nutritional standpoint, the organic 
flours presented an interesting physico-chemical 
composition, with high protein, carbohydrates, starch 
and fiber contents, and the consumption of organic 
orange-fleshed sweet potato flour can increase the 
intake of nutrients such as vitamin A. Furthermore, 
these flours can be used to fortify food products, 
providing higher levels of phytochemicals as 
carotenoids and anthocyanins.

Yields of the evaluated flours show that they 
are viable for preparation of food products, mainly 
for baking. The organic flours showed interesting 
index of water, index of water absorption, index of 
fat absorption and swelling power, which suggests 
a great technological quality and viability of their 
incorporation in several kinds of food products.

Acknowledgements 

Financial support from CNPq (National Council 
for Scientific and Technological Development), 
FAPERJ (State of Rio de Janeiro Research 
Foundation), PROEXT/MEC/Sesu 2011/2012 and 
CAPES-2011/2012 (Pró-equipamento Program) are 
gratefully acknowledged.

References

Abegunde, O. K., Mu, T. H., Chen, J. W. and Deng, F. 
M. 2013. Physicochemical characterization of sweet 
potato starches popularly used in Chinese starch 
industry. Food Hydrocolloids 33: 169-177.

Adeleke, R. O. and Odedeji, J. O. 2010. Functional 

1 Vitamin A content (μg RAE), expressed as retinol activity 
equivalent (RAE) according to IOM (2001) and RDI 
(recommended daily intake) of vitamin A for adults (900 μg 
RAE/ day) .

Figure 2. Nutritional facts of purple-fleshed sweet potatoes 
flour

Figure 1. Nutritional facts of organic orange-fleshed sweet 
potato flour

1 Vitamin A content (μg RAE), expressed as retinol activity 
equivalent (RAE) according to IOM  (2001) and RDI 
(recommended daily intake) of vitamin A for adults (900 μg 
RAE/day) .



2076  Rodrigues et al./IFRJ 23(5): 2071-2078

Properties of Wheat and Sweet Potato Flour Blends. 
Pakistan Journal of Nutrition 9 (6): 535-538.

Ahmed, M., Sorifa, A. and Eun, J. 2010. Effect of 
pretreatments and drying temperatures on sweet 
potato Flour. International Journal of Food Science 
and Technology 45: 726-732.

Aina, A. J., Falade, K. O., Akingbala, J. O. and Titus, P. 
2009.  Physicochemical properties of twenty-one 
Caribbean sweet potato cultivars. International Journal 
of Food Science and Technology 44: 1696-1704.

Alexeev, G. V., Krasilnikov, V. N., Kireeva, M. S. and 
Egoshina, E. V. 2015. Use of flaxseeds in the flour 
confectionery. International Food Research Journal 
22(3): 1156-1162.

Alves, R. M. V. 2012. Estabilidade de farinha de batata-
doce biofortificada. Brazilian Journal of Food and 
Technology 15(1): 59-71.

American Association of Cereal Chemists- AACC. 1995. 
Approved methods of the American Association of 
Cereal Chemists. 9th. St Paul: AACC, 2 v.

Anderson, R. A., Conway, V. F. P. and Griffin, E. L. 1969. 
Gelatinization of corn grits by roll-and extrusion-
cooking. Cereal Science Today 14(1): 4-7.

Ayadi, M. A., Abdelmaksoud, W., Ennouri, M., Attia, H. 
2009. Cladodes from  Opuntia fícus indica as a source 
of dietary fiber: effect on dought characteristics  and 
cake making. Industrial Crops and Products 30: 40–
47.

Aziz, A., Yasin, M., Randhawa, M. A., Yasmin, A., 
Jahangirl, M. A. and Sohail, M. 2013. Nutritional and 
antioxidant profile of some selected Pakistani potato 
cultivars. Pakistan Journal of Food Sciences 23(2): 
87-93.

Bartova, V. and Barta, J. 2009. Chemical composition 
and nutritional value of protein concentrates isolated 
from potato (Solanum tuberosum L.) fruit juice by 
precipitation with ethanol or ferric chloride. Journal of 
Agricultural and Food Chemistry 57(19): 9028-9034.

Brasil. Ministério da Saúde. Agência Nacional de 
Vigilância Sanitária. Resolução de Diretoria Colegiada 
RDC 359, de 23 de dezembro de 2003. Regulamento 
técnico de porções de alimentos embalados para fins 
de rotulagem nutricional. Diário Oficial da União, 
Brasília, DF, 26 de dezembro de 2003b.

Brasil. Ministério da Saúde. Agência Nacional de 
Vigilância Sanitária. Resolução de Diretoria Colegiada 
RDC 360, de 23 de dezembro de 2003. Regulamento 
técnico sobre rotulagem nutricional de alimentos 
embalados. Diário Oficial da União, Brasília, DF, 26 
de dezembro de 2003a.

Bridgers, E. N., Chinn, M. S. and Truong, V. D. 2010. 
Extraction of anthocyanins from industrial purple-
fleshed sweet potatoes and enzymatic hydrolysis of 
residues for fermentable sugars. Industrial Crops and 
Products 32: 613–620.

Burri, B. J. 2011. Evaluating sweet potato as an intervention 
food to prevent vitamin A deficiency. Comprehensive 
Reviews in Food Science and Food Safety 10: 118–
130.

Cecchi, H. M. 2003. Fundamentos teóricos e práticos em 

análise de alimentos. Editora da UNICAMP: 2º ed. 
rev.- Campinas, SP, editora da UNICAMP, 207p.

Cheftel, J. C., Cuq, J. L. and Lorient, D. 1989. Proteínas 
alimentarias, 346p. Zaragoza: Acribia.

Chisté, R. C., Cohen, K. O., Mathias, E. A. and Júnior, 
A. G. 2007. Estudo das propriedades físico-químicas 
e microbiológicas no processamento da farinha de 
mandioca do grupo d’água. Ciência e Tecnologia de 
Alimentos 27(2): 265-269.

Chiwona-Karltun, L., Afoakwa, E. O., Nyirenda, D., 
Mwansa, C. N., Kongor, E. J. and Brimer, L.  2015. 
Varietal diversity and processing effects on the 
biochemical composition, cyanogenic glucoside 
potential (HCNp) and appearance of cassava flours 
from South-Eastern African region. International 
Food Research Journal 22(3): 973-980.

CIP. 2011. International Potato Centre. Retrieved on May 
5, 2014 from http://www.cipotato.org/sweetpotato

Dench, J. E., Rivas, N., Caygill, J. C. 1981. Selected 
Functional Properties of Sesame (Sesamum indicum 
L.) Flour and Two Protein Isolates. Journal of Science 
and Food Agriculture 32: 557-564.

Faubion, J. M. and Hoseney, R. C. 1982. High temperature 
and short time: extrusion-cooking of wheat starch and 
flour: I., effect of moisture and flour type on extrudate 
properties. Cereal Chemistry 59: 529-533.

Goda, Y., Shimizu, T., Kato, Y., Nakamura, M., Maitani, 
T., Yamada, T, Terahara, N. and Yamaguchi, M. 1997. 
Two acylated anthocyanins from purple sweet potato. 
Phytochemistry 44:183-186.

Guha, M., Ali, S. Z. and Bhattacharya, S. 1997. Twin-
screw extrusion of rice flour without a die: effect of 
barrel temperature and screw speed on extrusion and 
extrudate characteristics. Journal of Food Engineering 
32: 251-267.

Hwang, Y. P., Choi, J. H., Choi, J. M., Chung, Y. C. 
and Jeong, H. G. 2011c. Protective mechanisms of 
anthocyanins from purple sweet potato against tert-
butyl hydroperoxide-induced hepatotoxicity. Food 
and Chemical Toxicology 49: 2081-2089.

IAL. 2008. Instituto Adolfo Lutz. Métodos físico-químicos 
para análise de alimentos. 4o ed., São Paulo: Instituto 
Adolfo Lutz.

Jangchud, K., Phimolsiripol, Y. and Haruthaithanasan, V. 
2003. Physicochemical Properties of Sweet Potato 
Flour and Starch as Affected by Blanching and 
Processing.Starch/ Stärke 55: 258-264.

Andrade Junior, V. C.., Viana, D. J. S., Pinto, N. A. D. V., 
Ribeiro, K. G., Pereira, R. C., Neiva, I. P., Azevedo, 
A. M. and Andrade, P. C. 2012. Características 
produtivas e qualitativas de ramas e raízes de batata-
doce. Horticultura Brasileira 30(4): 584-589.

Kamer, J. H. and Ginkel, L. V. 1952. Rapid determination 
of crude fiber in cereals. Cereal Chemistry 29: 239-
251.

Kidane, G., Abegaz, K., Mulugeta, A., Singh, P. 2013. 
Nutritional Analysis of Vitamin A Enriched Bread 
from Orange Flesh Sweet Potato and Locally Available 
Wheat Flours at Samre Woreda, Northern Ethiopia. 
Current Nutrition and Food Science 1(1): 49-57.



 Rodrigues et al./IFRJ 23(5): 2071-2078 2077

Ladjal Ettoume, Y. and Chibane, M. 2015. Some 
physicochemical and functional properties of pea, 
chickpea and lentil whole flours. International Food 
Research Journal 22(3):987-996.

Laurie, S. M., Calitz, F. J., Adebola, P. O. and Lezar, 
A. 2013. Characterization and evaluation of South 
African sweet potato (Ipomoea batatas (L.) LAM) 
land races. South African Journal of Botany 85: 10-16.

Lee, L. S., Kim, S. J., Rhim, J. W. 2000. Analysis of 
anthocyanin pigments from purple fleshed sweet 
potato (Jami). Journal of the Korean Society of Food 
Science and Technology 29:555–60.

Leonel, M., Jackey, S. and Cereda, M. P. 1998. 
Processamento industrial de fécula de mandioca e 
batata-doce– um estudo de caso. Ciência e Tecnologia 
de Alimentos 18(3): 343-345.

Li, B. W. 1995. Comparison of three methods and two 
cooking times in the determination of total dietary 
fiber content of dried legumes. Journal of Food 
Composition and Analysis 8: 27-31.

Mei, X., Mu, T. H. and Han, J. J. 2010. Composition and 
physicochemical properties of dietary fibre extracted 
from residues of 10 varieties of sweet potato by a 
sieving method. Journal of Agricultural and Food 
Chemistry 58(12): 7305–7310.

Oki, T., Nagai, S., Yoshinaga, M., Nishiba, Y. and Suda, 
I. 2006. Contribution of β-Carotene to Radical 
Scavenging Capacity Varies among Orange-fleshed 
Sweet Potato Cultivars. Food Science Technology 
Research 12(2): 156-160.

Oki, T., Masuda, M., Furuta, S., Nishiba, Y., Terahara, N. 
and Suda, I. 2002. Involvement of Anthocyanins and 
other Phenolic Compounds in Radical-Scavenging 
Activity of Purple-Fleshed Sweet Potato Cultivars. 
Journal of Food Science 67(5): 1752-1756.

Oirschot, Q. E. A., Rees, D. and Aked, J. 2003. Sensory 
characteristics of five sweet potato cultivars and their 
changes during storage under tropical conditions. 
Food Quality and Preference 14: 673–680.

Osundahunsi, O. F., Fagbemi, T. N., Kesselman, E. and 
Shimoni, E. 2003. Comparison of the Physicochemical 
Properties and Pasting Characteristics of Flour and 
Starch from Red and White Sweet Potato Cultivars. 
Journal of Agricultural and Food Chemistry 51: 2232-
2236.

Philpott, P., Gould, K., Markham, K., Lewthwaite, L. and 
Ferguson, L. 2003. Enhanced coloration reveals high 
antioxidant potential in new sweetpotato cultivars. 
Journal of the Science of Food and Agriculture 
83:1076–82

Ramesh, Y. A., Manishaguha, R. N., Tharanathan, R. S. 
and  Ramleke, R. S. 2006. Changes in characteristics 
of sweet potato flour prepared by different 
drying techniques. Lebensmittel Wissenchaft und 
Technologie 39: 20-26.

Ravindran, V., Ravindran, G., Sivakanesan, R. and 
Rajaguru, S. B. 1995. Biochemical and Nutritional 
Assessment of Tubers from 16 Cultivars of Sweetpotato 
(Ipomoeu bututus L.). Journal of Agricultural and 
Food Chemistry 43(10): 2646-2651.

Ribeiro, T. C., Abreu, J. P., Freitas, M. C. J., Pumar, M. 
and Teodoro, A. J. 2015. Substitution of wheat flour 
with cauliflower flour in bakery products: effects on 
chemical, physical, antioxidant properties and sensory 
analyses. International Food Research Journal 22(2): 
532-538.

Robertson, J. A., Monredon, F. D., Dysseler, P., Guillon, 
F., Amado, R. and Thibault, J. F. 2000. Hydration 
Properties of Dietary Fibre and Resistant Starch: 
a European Collaborative Study. Lebensmittel 
Wissenchaft und Technologie 33: 72-79.

Roesler, P. V. S., Gomes, S. D., Moro, E.; Kummer, A. C. 
B. and Cereda, M.P. 2008. Produção e qualidade de 
raiz tuberosa de cultivares de batata-doce no oeste do 
Paraná. Maringá 30(1): 117-122.

Salawu, I. S. and Mukhtar, A. A. 2008. Reducing the 
dimension of the growth and yield characters of sweet 
potato (Ipomea batatas L.) varieties as affected by 
varying rates of organic/inorganic fertilizer. Asian 
Journal of Agricultural Research 2(1): 41 e 44.

Shih, M. C., Kuo, C. C. and Chiang, W. 2009. Effects of 
drying and extrusion on colour, chemical composition, 
antioxidant activities and mitogenic response of spleen 
lymphocytes of sweet potatoes. Food Chemistry 117: 
114–121.

Sibt-e-Abbas, M., Butt, M. S., Sultan, M. T., Sharif, M. 
K., Ahmad, A. N. and Batool, R. 2015. Nutritional and 
functional properties of protein isolates extracted from 
defatted peanut flour. International Food Research 
Journal 22(4): 1533-1537.

Singh, J., Singh, N., Sharma, T. R. and Saxena, S.K. 2003. 
Physicochemical, rheological and cookie making 
properties of corn and potato flours. Food Chemistry 
83: 387-393.

Steed, L. E. and Truong, V. D. 2008. Anthocyanin Content, 
Antioxidant Activity, and Selected Physical Properties 
of Flowable Purple-Fleshed Sweetpotato Purees. 
Journal of Food Sciences 73(5): 215-221.

Suda, I., Oki, T., Masuda, M., Kobayashi, M., Nishiba, Y. 
and Furuta, S. 2003. Physiological functionality of 
purple-fleshed sweetpotatoes containing anthocyanins 
and their utilization in foods. Japan Agricultural 
Research Quarterly 37: 167–173.

Teow, C. C., Truong, V. D., McFeeters, R. F., Thompson, 
R. L., Pecota, K. V., Yencho, G. C. 2007. Antioxidant 
activities, phenolic and β-carotene contents of sweet 
potato genotypes with varying flesh colours. Food 
Chemistry 103: 829-838.

TACO. 2011. Tabela brasileira de composição de 
alimentos. NEPA-UNICAMP. 4o ed. Campinas, SP: 
NEPA-UNICAMP.

Tian, Q., Konczak, I. and Schwartz, S. J. 2005. Probing 
anthocyanin profiles in purple sweet potato cell Line 
(Ipomoea batatas L. Cv. Ayamurasaki) by high-
performance liquid chromatography and electrospray 
ionization tandem mass spectrometry. Journal of 
Agricultural and Food Chemistry 53: 6503-6509.

Tomlins, K., Owori, C., Bechoff, A., Menya, G. and 
Westby, A. 2012. Relationship among the carotenoid 
content, dry matter content and sensory attributes of 



2078  Rodrigues et al./IFRJ 23(5): 2071-2078

sweet potato. Food Chemistry 131: 14-21.
Yadav, A. R., Guhan, M., Tharanathan, R. N. and Ramteke, 

R. S. 2006. Changes in characteristics of sweet potato 
flour prepared by different drying techniques. LWT 
39: 20-26.

Wall, J. S. 1979. Properties of protein contributing to 
functionality of cereal foods. Cereal Foods World 
24(7): 289-292.


