ABSTRACT
SATO, Al. Chemical Constituents of Sweetpotato Genotypes in Relation to Textural

Characteristics of Sweetpotato French Fries. (Under the direction of Dr. Van-Den
Truong).

Sweetpotato (SP) is an important economic crop and a highly nutritious vegetable

due to the high contents of carotene, dietary fiber and vitamins. Currently, consumer

demands of sweetpotato French fries (SPFF) have been increasing. However, SPFF are

relatively new products, and information on the effects of chemical composition on SPFF

textural properties are limited. This study aimed to investigate the relationship between

chemical components of different types of SP varieties and textural characteristics of

SPFF. Sixteen SP genotypes with varying flesh color (orange, yellow, cream) were

evaluated on 1) chemical constituents in raw SP and SPFF, 2) instrumental measurement

of textural properties and sensory textural characteristics of the SPFF, and 3) relationship

between chemical components, instrumental texture measurements and sensory attributes.

Processing method of SPFF included tempering the whole roots, cutting into strips,

blanching, pre-drying, par-frying at 185°C for 75 seconds, and freezing at —20°C. The

frozen strips were fried at 177°C for 150 seconds, and cooled to 60°C for assessment of

textural properties. Peak force and overall hardness of SPFF were measured using a

texture analyzer equipped with a 2 mm cylinder probe, and a French fry rig, respectively.

Dry matter (DM), alcohol insoluble solid (AIS), starch, sugars (glucose, fructose, sucrose,



maltose) and oil contents were analyzed in raw SP and SPFF samples. Alpha-amylase and

beta-amylase activities were measured in raw SP. For sensory evaluation, 10 attributes

were evaluated by a trained panel. Descriptive sensory analysis (DSA) was conducted and

the DSA data was analyzed using analysis of variance and principal component analysis.

Dry matter content in raw SP of the 16 genotypes were in a range of 18.6 to 37.2%,

AIS 11.6 to 36.7 g/100g, starch 6.0 to 23.4 g/100g, total sugars 1.2 to 6.5 g/100g,

a-amylase activity 12.8 to 130.5 CU/100g, and B-amylase activity 3.9 to 618.9 U/100g

fresh weight. Moisture contents in SPFF were in a range of 35.7 to 58.3%, AIS 30.8 to

64.2 g/100g fw, starch 11.6 to 41.4 g/100g, total sugar 0.3 to 10.2 g/100g, and oil 6.7 to

12.6%. Sensory textural characteristics of 8 orange-fleshed genotypes SPFF were similar

to each other and were described as oily, moist, smooth and cohesive. SPFF from 3

yellow fleshed genotypes had similar characteristics that were characterized by outer

crispness, high fracturability, hardness and rough surface. DM, AIS and starch contents in

raw SP were positively correlated with instrumental peak force (r = 0.41-0.52, p < 0.01)

and overall hardness (r = 0.57-0.68, p < 0.01), and with sensory overall hardness,

fracturability and outer crispness (r = 0.63-0.90, p < 0.01). Total sugar contents in raw SP

were correlated with sensory texture of inner smoothness and inner moistness (r =

0.76-0.77, p < 0.01), and negatively correlated with instrumental peak force (r = -0.62, p

< 0.01) and overall hardness (r = -0.69, p < 0.01). Activities of amylases and oil content



had no/weak correlation with instrumental and sensory textural properties of SPFF. For

the relationship between instrumental measurements and sensory characteristics, sensory

overall hardness, fracturability and outer crispness were positively correlated (r =

0.68-0.96) with the peak force and overall hardness. Negative correlations (r = —0.61 - —

0.91) were found between values of the instrumental measurements (peak force and

overall hardness) and four sensory attributes including surface oiliness, inner smoothness,

inner moistness and cohesiveness of mass. Therefore, DM, AIS, starch and total sugar

contents and instrumental measurements could be used as tool to select SP genotypes for

producing SPFF. These results would be beneficial to the breeding program in developing

new SP varieties with improved SPFF quality to meet the increasing consumer demands.
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CHAPTER 1

Introduction



1.1 Introduction

The origin of sweetpotato (SP) (Ipomoea batatas L.) is in tropical America and SP
has been domesticated over 5000 years (Loebenstein 2009). Sweetpotato is currently an
important economic crop with over 104 million metric tons in the world (FAOSTAT
2014). In terms of annual production, SP ranks seventh in world food production after
maize, rice, wheat, potato, cassava, and barley (FAOSTAT 2013).

Sweetpotato is a highly nutritious vegetable and its consumption has been increased
in various parts of the world in recent years. According to USDA survey, SP consumption
in the US increased from 1.9 kg to 3.4 kg per capita annually between 2000 and 2014
(Johnson et al. 2015). North Carolina has ranked as the top SP producing state and
produces about 50% of the US supply (Johnson et al. 2015). In the US, orange-fleshed
cultivars occupy over 90% of SP production area (Carpena 2009).

Sweetpotato is an excellent source of carotene, dietary fiber, vitamins and minerals
(Woolfe 1993). Orange-fleshed SP is rich in B-carotene which is a vitamin A precursor
(Burri 2011). Absorption of p-carotene is enhanced when consumed with oil because
[B-carotene is oil-soluble (Van het Hof et al. 1999). Consumption of orange-fleshed SP
helps to prevent vitamin A deficiency that is a public health problem in many countries,
especially in Sub-Saharan Africa and south Asia (Stevens et al. 2015). On the other hand,
purple-fleshed SP contains anthocyanins, which have high anti-oxidant activity. The
anti-oxidants such as anthocyanins and -carotene scavenge active oxygen radicals and
prevent carcinogenesis (Kano et al. 2005). Therefore, there is great interest both in
developed and developing countries on SP as a health food.

There are numerous SP genotypes with different sensory characteristics such as
taste, texture, and flesh color (white, cream, yellow, orange, purple). The varieties with

high dry matter (DM) content have firm and mealy texture after cooking while those with



low DM content have soggy texture after cooking (Truong et al. 2011). Common ways of
eating SP are boiling, steaming and baking while common processed SP products are
starches, juices and purees (Truong and Avula 2010). Meanwhile, processed SP products
such as French fries and chips have been developed in the past decades (Walter and
Hoover 1986; Walter et al. 1997). Recently, consumer demands of sweetpotato French
fries (SPFF) have been increased and many potato processing companies have ventured
into SPFF processing. The new products contribute to increasing sales for SP farmers
(U.S. Sweet Potato Council, 2013). With these trends, the SP breeding programs have
been focusing on development of new varieties suitable for both fresh root markets and
processed products, particularly French fries and chips (U.S. Sweet Potato Council, 2011).
To be highly acceptable in the market, texture and flavor of SPFF would be the key
factors for consumer acceptance. However, limited information is available on suitable SP
varieties, postharvest handling, and processing techniques affecting the product quality.
Currently, SPFF are processed using the existing SP cultivars that were developed for
fresh root market.

On the other hand, white potato French fries (WPFF) is the most popular processed
product from white potato (WP) around the world. White potato French fries accounted
for 50% of total processed WP product (National Agricultural Statistics Service, USDA
2014). The consumption of frozen WP product, mostly WPFF was 20.8 kg per capita
annually in 2014 in the US (Economic Research Service, USDA 2016). Production of
frozen WP product amounted to about 35% of total potato production in the US in 2014
(Economic Research Service, USDA 2016). The traditional way of preparing commercial
WPFF includes washing, peeling, cutting into strips, blanching, par-frying for 1-3 min,
and freezing. The frozen strips are packed and sold at grocery stores and various food

chains. The frozen strips are final-fried for 2-3 min at 180-195°C before consumption



(Miranda and Aguilera 2006; Pedreschi et al. 2016).

Since WPFF has been highly popular in the market for a long time, many studies
were conducted over the past 60 years to develop various processes for WPFF and
provide understanding on the factors including raw materials and postharvest handling
affecting the product quality and consumer acceptability. Kirkpatrick (1956) reported that
consumers prefer WPFF with leathery, gummy, and crispy without hard texture, and the
desirable interior texture is mealy like baked potato and not watery and mushy. For
textural properties of WPFF, many investigators revealed that chemical components
including moisture, starch, pectin and oil affect textural characteristics of WPFF
(Johnston et al. 1970; Du Pont et al. 1992; Tajner 2003; Kita and Lisinska 2005; Lisinska
and Gotubowska 2005; Golubowska 2005; Sanz et al. 2007). Moreover, relationship
between instrumental measurement and sensory characteristics of WPFF was also well
studied (Johnston et al. 1970; Du Pont et al. 1992; Kita and Lisinska 2005; Van Loon et al.
2007). However, information on WPFF may not be suitable for SPFF because the two
commaodities are different botanically and chemically. Sweetpotato is Ipomoea batatas L.
and a root vegetable while WP is Solanum tuberosum L. and a tuber vegetable. Therefore,
studies on SPFF including the factors affecting the product quality such as texture and
flavor, and consumer acceptability are necessary for commercial success.

In the previous studies on SPFF, processing conditions of SPFF in relation to
product qualities have been studied by several investigators (Walter and Hoover 1986;
Walter et al. 1992; Walter et al. 2002; Oner and Wall 2012; Truong et al. 2014). Increased
firmness of SPFF could be achieved by SP tissue acidification (Walter et al. 1992). In a
study on purple-fleshed SPFF, SPFF without blanching treatment had the highest crust
hardness although the SPFF had poor texture quality which was hard or rubbery (Oner

and Wall 2012). Additionally, pre-drying of the blanched strips before frying resulted in



increases of DM content and improvement of the French fry texture (Walter and Hoover
1986; Truong et al. 2014).

Physico-chemical properties of SP varieties had profound effects on SPFF textural
properties and sensory profiles. For the relationship between chemical components and
textural properties, a negative correlation was observed between the DM content in SPFF
and sensory intensity of the first-bite hardness of SPFF while AIS content and sugar
content in SPFF was highly correlated with sensory intensity of first-bite moistness
(Walter et al. 1997). Low DM and oil contents were related to perceived softness of SPFF
(Oner and Wall 2012). Cell size, intercellular volume and specific gravity did not affect
instrumental firmness of SPFF (Walter et al. 1997).

Sensory characteristics of boiled or baked SP and preferences of consumers on
different types of SP varieties have been investigated (Laurie et al. 2013; Leksrisompong
et al. 2012). For SPFF, Walter et al. (1997) reported that the product processed from
soft-sweet type SP was softer, moister, fewer particles, higher degree of mass cohesion,
easier to swallow, and oily mouthfeel, and that consumers prefer caramel flavor and
dislike starch flavor, and first-bite moistness and cohesiveness of mass in texture. In a
study on restructured SPFF, sensory hardness and density were highly correlated with the
value of instrumental measurements while cohesiveness, oiliness and moistness were
negatively correlated with the value of instrumental measurements (Walter et al. 2002).
However, there is no report used well-trained sensory panel and used comprehensive
sensory texture attributes and evaluation techniques. In addition, no study was conducted
on description of sensory characteristics of SPFF.

Overall, information on chemical and textural properties of SPFF processed from
different SP varieties is limited. The lack of information in these aspects would hinder the

efforts of SP breeders and processors in the development of SPFF with good quality to



meet the demands of the consumers.

Therefore, this study aimed to investigate the relationship between chemical
components of different types of SP varieties and textural characteristics of SPFF. Sixteen
SP genotypes with varying flesh color (orange, yellow, cream) were evaluated on 1)
chemical constituents in raw SP and SPFF, 2) instrumental textural properties and sensory
textural characteristics of the SPFF, and 3) relationship between chemical components,

instrumental texture measurements and sensory attributes.
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2.1 Sweetpotatoes

The origin of sweetpotato (SP) is from tropical America and SP has been
domesticated over 5000 years (Loebenstein 2009). Sweetpotato (Ipomoea batatas L.) is
produced in many countries around the world, and it is an important economic crop
produced over 104 million metric tons of edible food products in the world (FAOSTAT
2014). Sweetpotato is a highly nutritious vegetable. There are lots of genotypes with
different sensory characteristics such as taste and texture, and flesh color (white, cream,
yellow, orange, purple).

In terms of annual production, SP ranks the seventh in the world food production
after maize, rice, wheat, potato, cassava, and barley (FAOSTAT 2013). Annual per capita
SP consumption is high in places where SP are consumed as a staple food such as the
Solomon Islands at 174.9 kg, Rwanda at 71.3 kg, Uganda at 61.7kg, Angola at 46.1kg,
and Uganda at 61.8 kg. The average annual per capita SP consumption is estimated at
9.4kg in Asia, 13.2 kg in Africa, and 18.2 kg in Caribbean (FAOSTAT 2011).

Sweet potatoes have been an important part of the diet in the United States for most
of its history. According to a USDA survey, SP consumption in the US increased from 1.9
kg to 3.4 kg per capita annually between 2000 and 2014 (Johnson et al. 2015).
Orange-fleshed SP genotypes occupy about 90% of the SP production area in the US
(Carpena 2009). North Carolina has ranked as the top SP producing state and produces
about 50% of the US supply (Johnson et al. 2015). In North Carolina, the Covington
variety had the biggest share which was about 80% of total SP production in 2015.

Sweetpotato industry processes SP into liquid and semi-solid food products such as
beverages, soups, baby foods, ice cream, baked products, restructured fries, fried chips
and French fries, breakfast cereals, and various snack and dessert items in the US (Truong

et al. 2011). In Japan, about 48% of SP are for fresh market, 28% for making alcohol,
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15% for making starch, and 6% for other food processing in 2014 (Agriculture &

Livestock Industries Corporation 2016).

2.1.1 Chemical Composition and Health Benefits of Sweetpotatoes

Chemical components of SP vary in different cultivars. Genotype background,
growing condition, maturity, storage condition and duration, and processing condition
also affect chemical components. Sweetpotato is one of the healthiest foods because of
the high content of nutrients, especially carotene and dietary fiber thereby there is great
interest both in developed and developing countries on SP as healthy foods. Table 2-1
shows nutrient content when consuming a 5 inches of SP root (130g) (USDA National
Nutrient Database, and 2015-2020 Dietary Guidelines for Americans).

Generally, dry matter (DM) content in SP is widely ranged from 13 to 45% (Aina et
al. 2009; Mensah et al. 2016; Brabet et al. 1998). Dry matter in SP is mainly consisted of
carbohydrates which are starch, sugars, pectins, cellulose, and hemicellulose.
Hagenimana et al. (1998) analyzed DM content of SP with different colors, and reported
that general DM contents in orange-fleshed and purple-fleshed were ranged from 20.4 to
27.8% and 20.3 to 30.2% respectively. They also reported that cream-, yellow- and
white-fleshed SP generally had high DM contents. Dry matter contents of Beauregard and
Covington, which are the common orange-fleshed SP genotypes in the US, were 18.7%
and 19.7% (Yencho et al. 2008).

Dry matter content decreases during storage because SP roots are metabolically
active and utilized carbohydrates as an energy source and because of respiration and
transpiration during storage (Walter and Hoover 1986; Truong et al. 2014). Alcohol
insoluble solid (AIS) is a main component of DM, and it consists of substances that are

not soluble in alcohol, primarily starch. Walter et al. (1997) measured AIS of four
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genotypes, and AIS content in SP is ranged from 14.5-23.7%.

Starch is a main component of AIS. Generally, starch accounts for 60-70% of DM
(Padmaja 2009). Starch content of SP is in a range of 6.9-33.5% (Tian et al. 1991; Brabet
et al. 1998). Starch is composed of amylose and amylopectin, and the ratio varies in
different genotypes. Amylose and amylopectin ratio influences textural properties, and it
is widely known that viscosity increases with increasing amylopectin content.
Sweetpotato starch contains up to 38% of amylose (Tian et al. 1991; Wolfe 1993; Zhu and
Wang 2014). Katayama et al. (2006) measured amylose contents in 812 genotypes
introduced from 11 different countries and areas and reported a range of 8.9-16.1%.
Sweetpotatoes from Indonesia generally have high amylose contents. Tian et al. (1991)
noted that amylose content in SP was less than potato, and that SP starch granule size was
smaller than potato. Starch content decreased during storage although the reduction rate
varied among genotypes (Zhang et al. 2002; Miyazaki 1990; Walter and Hoover 1986).
Generally, gelatinization temperature of SP starch is 60-80°C (Zhu and Wang 2014).
Nakamura et al. (2010) reported that gelatinization temperature did not affect mealiness
and sogginess of steamed sweetpotatoes.

Gelatinization temperature of Japanese SP cultivar named Quick Sweet, which was
registered as a new cultivar in 2002, is about 20°C lower than other SP cultivars
(Katayama et al. 2003). Onset, peak and conclusion temperatures of gelatinization of the
Quick Sweet are 37.4°C, 42.9°C and 54.4°C respectively. Quick sweet starch has higher
proportion of short chain in amylopectin and has cracking on the hilim of starch granules.
These characteristics would be the factors for the low gelatinization temperature
(Kayayama et al. 2002; Katayama et al. 2003). Another Japanese SP cultivar named
Konamizuki was registered as a new cultivar in 2012, and this cultivar also has low

gelatinization temperature such as Quick Sweet (Katayama et al. 2012).
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Sweetpotatoes contain much more sugar than white potatoes. The amount of sugar
varies widely among different genotypes and postharvest treatments. Total sugar ranged
from 1.8 to 38% on dry weight basis (dw) (Truong et al. 1986; Zhang at al. 2002; Aina et
al. 2009). Sugar in raw SP roots is composed of glucose, fructose and sucrose, and a
proportion of each sugar also varies with genotypes. Zhang et al. (2002) reported that
glucose, fructose and sucrose are in a range of 2.4-6.2%, 0.3-4.9% and 0.4-5.6% dw
respectively while Truong et al. (2014) reported that glucose, fructose and sucrose are in a
range of 1.0%, 0.8% and 4.2% respectively on fresh weight basis (fw). Zhang et al.
(2002) reported that sugar content increased after 60 days of storage but maintained
relatively constant levels after 120 days although Walter et al. (1975) reported that sugar
content increased after 71 days of storage. Curing immediately after harvest increased
sucrose content up to two folds (Miyazaki 1990). Raw SP contains trace amount of
maltose. Maltose is increased during heating because f-amylase hydrolyzes starch.

Besides starch and sugars, SP contains high amount of dietary fiber. Dietary fiber in
SP roots ranged from 1.9-26.6% dw (Wang et al. 2016). Based on USDA National
Nutrition Database, adult female and male gain 14-18% and 12-14% of recommended
amount of dietary fiber respectively by consuming a SP root of 130 g (Table 2-1). Dietary
fiber reduces postprandial glucose response and beneficially influences certain blood
lipids (Weickert and Pfeiffer 2008). Therefore, dietary fiber helps to prevent type 2
diabetes, cardiovascular disease and coronary heart disease (Kaczmarczyk et al. 2012;
Pereira et al. 2004).

SP contains a-amylase and f-amylase (Woolfe 1993). Alpha-amylase plays an
important role in starch degradation during storage (Zhang et al. 2002). Alpha-amylase
randomly hydrolyzes al, 4 glycosidic bonds in amylose and amylopectin, the two main

components in starch. Beta-amylase hydrolyzes gelatinized SP starch but it is unable to
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hydrolyze native SP starch (Ohnishi et al. 1985). Beta-amylase hydrolyzes the second al,
4 glycosidic bonds from the non-reducing end, and cleaves off two glucose units which is
maltose. Consequently, the production of maltose during heating is due to the hydrolysis
of gelatinized starch by -amylase.

Optimum temperature of SP a-amylase is 70 to 75°C (Ikemiya and Deobald 1966;
Mensah et al. 2016). Zhang et al. (2002) reported that a-amylase activity ranged from
0.41 to 1.73 Ceralpha unit/g dw while Mensah et al. (2016) reported 60 to 90 U/g dw at
75°C. Sweetpotato B-amylase activity is optimal at 50°C, and it gradually decreases above
50°C then deactivates at 80°C (Tsuyukubo and Ishii 2011). Mensah et al. (2016) noted
that B-amylase activity of SP was relatively stable at 65°C and the activity decreased with
increasing heating time and temperature. Its optimum temperature is lower than those of
other food such as soy bean and Japanese radish. Optimum temperature of the
B-amylase from other foods is around 60°C, and p-amylase can be still active up to 70°C
(Ohnishi et al. 1985). Nakamura et al. (2014) reported that f-amylase activity of SP
ranged from 0.108-0.281 units (m mole maltose / min / mg protein). Dziedzoave et al.
(2010) measured B-amylase activity of SP grown in a forest zone and a savannah zone at
different maturity levels, which ranged from 176.6-601.9 units/g. They found that SP
from the forest zone had higher 3-amylase activity than those from the savannah zone.

Sweetpotato has certain amount of protein although it is not high. Most varieties of
SP contain 1.3-10% dw protein (Padmaja 2009; Aina et al. 2009). Sporamins A and B
account for over 80% of soluble protein in SP (Maeshima et al. 1985). In addition, SP
contains 0.2-2.1% dw of fat and 1.9-4.4% dw of ash (Ravindran et al. 1995; Aina et al.
2009).

Sweetpotato is also a good source of B-carotene and vitamins such as vitamin Be.

Orange-fleshed SP is rich in B-carotene, which is vitamin A precursor (Burri 2011).
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Hagenimana et al. (1998) reported p-carotene content from traces to 6.3 mg/100g in fresh
roots of 32 SP cultivars. Deep orange-fleshed SP had the highest B-carotene, and
white-fleshed had the lowest [B-carotene. Other investigators reported 170-804 pg
RAE/100g fw from B-carotene in SP, and the -carotene content decreased 20-24% after
frying and 8-81% after boiling, baking, steaming (Van Jaarsveld et al. 2006; Bengtsson et
al. 2008; Dincer et al. 2011). Five inches long of the orange-fleshed SP (130 g) meet the
recommended dietary allowance of vitamin A based on dietary guidelines which is 700 to
900 pg RAE (USDA National Nutrient Database, and 2015-2020 Dietary Guidelines for
Americans). Beta-carotene which is converted to vitamin A in the human body helps to
prevent diseases associated with vitamin A deficiency such as night blindness.
Beta-carotene itself works as anti-oxidant and helps to prevent lifestyle related diseases
such as heart disease and stroke. As for vitamin Be, adult female and male gain 18-21%
and 16-18% of recommended amount of dietary fiber respectively by consuming 130 g
SP (Table 2-1). Vitamin Bg in conjunction with vitamin B, and folic acid can help
reducing blood levels of homocysteine which results in decreasing the risk of cardio
vascular diseases (Padmaja 2009). Sweetpotato also contain ascorbic acid (vitamin C) in a
range of 17.3-34.5 mg/100 g fw (Bradbury and Singh 1986). However, according to
Grace et al. (2014), amount of vitamin C decreased by about half after 4 months in
storage and by 65-84% after 8 months storage which was 2.7-11.1 mg/100g fw. The
amounts of vitamin C of SP stored for 8 month are close to those of National Nutrient
Database by US Department of Agriculture.

Purple-fleshed SP are rich in anthocyanins, which have anti-oxidant activity to
scavenge active oxygen radicals and to prevent carcinogenesis (Kano 2005). According to
a study on serum hepatic biomarker of 38 healthy adult men (30-54 years old), the group

that consumed purple-fleshed SP beverage (400 mg anthocyanins/day) significantly
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decreased serum hepatic biomarkers (Suda et al. 2008). The authors inferred that the
purple-fleshed SP beverage may have potential capacity for hepatoprotection against
oxidative stress. Anthocyanin content is in range of 32-1390 mg/100g dw, and cyanidin
derivatives accounts for 19-92% of total monomeric anthocyanins measured by acid
hydrolysis method (Truong et al. 2010; Truong et al. 2012; Xu et al. 2015). Some cooking
treatments (steaming, pressure cooking, microwaving, frying) reduce 8-16% of total

anthocyanin contents (Xu et al. 2015).

2.1.2 Processing of Sweetpotato French Fries

White potato French fries (WPFF) is one of the most important white potato (WP)
derived products and very popular around the world. White potato French fries accounted
for 50% of total processed WP product (National Agricultural Statistics Service, USDA
2014). The traditional way of preparing WPFF is cutting fresh WP into strips and frying
in oil. For commercial scale, there are three types of WPFF, which are 1) deep-frozen
completely fried strips, 2) deep-frozen partially fried strips that require additional frying
before eating, and 3) refrigerated partially fried strips that have a short shelf life and need
additional frying (Pedreschi et al. 2016). Standard preparation method of WPFF in food
industries includes washing raw WP, peeling and cutting into strips. The strips are
blanched to obtain uniform color after frying and to gelatinize starch to limit oil
absorption and improve texture. The blanched strips are dehydrated until 20-30% of
weight loss from initial weight. Then, the partially dried strips are par-fried for 1-3 min at
around 190°C. The par-fried strips are frozen at around —18°C. The frozen strips are
final-fried at home for 2-3 min at 180-195°C (Miranda and Aguilera 2006; Pedreschi et al.
2016).

Since sweetpotato French fries (SPFF) are a relatively new product, limited
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information is available on processing conditions of SPFF. The preparation method of
SPFF is similar to that of WPFF. General preparation method of SPFF at home is just
cutting raw SP and frying, or seasoning and coating strips with starch and then fry at
180-200°C. Conversely, food industries take more processing steps to improve the
product quality and to prevent deterioration during storage and distribution. Standard
preparation method of SPFF in food industries includes washing, peeling, pre-treatment
(tempering, pH adjustment), cutting into strips, blanching, par-drying, par-frying, freezing
and final frying. As for peeling, some did not peel SP skins (Oner and Wall 2012).
Sweetpotatoes are cut into 9 x 9 mm to 9.5 x 9.5 mm strips and the length of strips is
50-90 mm or not controlled. All processing steps may affect texture of French fries.
Texture of potato was changing during the technological process due to water losses and
damage of potato tissue (Lisinska and Golubowska 2005).

a) Pre-treatment (Tempering and Vacuum Infiltration)

Orange-fleshed SP are commonly preferred by consumers in the US. However,
orange-fleshed SP are normally soft after cooking due to high moisture content. Therefore,
SP needs to undergo pre-treatment to improve texture of SPFF. Tempering of the roots
and pH acidification of SP strips by vacuum infiltration are applied to increase firmness
of the processed products.

Tempering is a food processing operation to make vegetables and fruits firmer by
soaking the raw materials in warm water before processing (LaBelle 1971,
Aguilera-Carbo et al. 1999; He et al. 2014). The reason for the increase in firmness is the
effect of pectin methylesterase (PME) on pectic substances. PME catalyzes
de-esterification of carboxyl groups and forms cross-links between pectin polymers with
divalent cations resulting in high molecular weight pectin with new non-methoxy ester

linkages (Kohli et al. 2015; Buren 1979; Ni et al. 2005; Truong et al. 1998). Optimal
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temperature for tempering of SP is 60°C (Fuchigami and Konishi 1978; Truong et al.
1998).

Vacuum infiltration treatment is performed by having solutions of different
substances penetrating into SP. Walter et al. (1992) applied vacuum infiltration to
decrease pH of SP tissue before blanching. They reported that tissue pH decreased by
vacuum infiltration with a series of organic and mineral acids increased the force required
to shear the SP strips. They also reported that tissue firmness increased as water soluble
pectin content decreased. One possible reason of the firmness increase was that the
middle lamella was less disrupted at lower pH due to less amount of solubilization.
Another reason was that the starch degrading enzymes, a- and -amylase, were inhibited
because of the low pH in the acidified tissue.

b) Blanching

Blanching is a thermal treatment commonly practiced in processing of a variety of
vegetable products including French fries. The process is important because blanching
causes starch gelatinization impacting the texture and reducing oil absorption in fried
products (Canet and Alvarez 2011; Pedreschi et al. 2016; Miranda and Aguilera 2006).
Blanching also reduces sugars that cause undesirable color and acrylamide formation due
to Maillard reaction during frying (Truong et al. 2014).

For SPF