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ABSTRACT

This study assessed the effects of amino acidiadsjtaspartic acid, leucine,
lysine, and methionine, on the pasting and theohaftacteristics of white-fleshed and
orange-fleshed Beauregard sweet potato starchiss, the white-fleshed and the
orange-fleshed sweet potato starches were comfmrady differences in their resistant
starch and crystalline properties. This study pe$ormed using Differential Scanning
Calorimetery (DSC), Rapid Visco Analysis (RVA), &y Diffraction (XRD), and
Resistant Starch Determination.

The orange-fleshed starch granules began to gt a lower temperature
(56.8°C) than the white-fleshed starch (70.1°C},tha two starches needed the same
amount of energy to gelatinize. Lysine increasedgelatinization temperature of the
orange-fleshed starch. The addition of lysine asyhrtic acid increased the
gelatinization temperatures of the white-flesheualcdt.

In comparing pasting characteristics, the oramgghed starch was found to be
easier to cook, had a lower potential for retrogtemh, and was less stable during heating
than the white-fleshed starch. The RVA analyss#d that the charged amino acids,
aspartic acid and lysine, had more of an affedhertwo starches than did the neutral
amino acids, leucine and methionine. Aspartic &eid similar effects on both starches,
making them less stable during cooking and lowetivggpotential for retrogradation.
Lysine, when added to the orange-fleshed sweet@starch, decreased the breakdown,
allowing for more stability during cooking.

The results of the resistant starch determinatopaled that the white-fleshed
sweet potato starch had significantly more reststtarch than the orange-fleshed starch

in gelatinized and ungelatinized forms. Lysine@ased the amount of resistant starch in



the orange-fleshed starch, while leucine and methédecreased the resistant starch in
the orange-fleshed and the white-fleshed starchepectively.

The crystallinity patterns of the white-fleshedlarange-fleshed sweet potato
starches were found to be the A-type pattern bejelatinization, and the B-type pattern
after gelatinization. The addition of asparticdeand methionine did not alter the
crystalline pattern of either of the starches amased a decrease in crystallinity, while
the addition of leucine and lysine increased tlystetlinity of the white-fleshed sweet

potatoes.



CHAPTER 1
INTRODUCTION

Starch is one of the main components of the hudnethand represents the
primary source of energy for humans. Starch cacobiected from many vegetable crop
sources including wheat, corn, potatoes, and aicd,is used as a storage molecule in
plants. Starch can be extracted from many plamices for use in a wide variety of
foods. Starches from different plant sources akdifferent thermal and
physicochemical properties. The products thaaecktwill be used in are determined by
the properties of that particular starch. Thecstaruse is determined by several factors
including the amylose/amylopectin ratio and thedtire of the starch (Katayama et al.,
2002 and Englyst, 2005). Starch’s physical, thérared pasting properties are assessed
and will determine its particular usefulness. Mizditions can be made to the different
starches in order to achieve a more useful enduystpthese include alterations to a
starch’s gelatinization temperature, and changése@asting characteristics. Much
research has centered on the modifications oftetarand the determination of factors
that can change a starch’s properties. It has fmend that additives including proteins,
lipids, and amino acids can change the properfiesstarch (Liang and King, 2003).

Also, the modification of a starch’s resistantaiacontent may prove to be very
useful in terms of promoting the health aspects stiarch. Resistant starch is the starch
that is resistant to digestion by enzymes withmlibdy. This type of starch offers many
health benefits such as a reduction in the rigkodih cancer and heart problems and aid

with problems of obesity (Sajilata et al., 2006)Jodifications to produce more of this



type of starch have been attempted with the adddfeamino acids in rice starch (An,
2005).

One vegetable crop that is used for starch prooicsi the sweet potatbppmoea
batatas). The sweet potato is the seventh most produecdatansumed crop in the world
behind wheat, rice, maize, potato, barley, andase@ssThe sweet potato is grown in over
100 countries worldwide, and has become known dmauarance crop” because it can
outlast many other crops during droughts, floodsl, @her natural disasters and is able to
grow in a wide variety of soil types and climatBsgkash, 1994 and Ishiguro et al.,
2003).

The United States is 10n the world in terms of sweet potato production,
producing an estimated 600,000 tons of sweet patatoally. Within the United States,
Louisiana produces 24% of the nation’s sweet petatath almost all of the sweet
potatoes produced in the state being a varietgddlie Beauregard sweet potato. This
Louisiana crop accounts for over half of the sg&tegetable crop income, which adds
$100 million to the state’s economy (Lucier et 2002). The sweet potato is consumed
in a variety of ways from the whole fresh rootcemned products, to products such as
chips and snacks made from the sweet potato’shs(Ratrick, 1996).

This research studied two types of Beauregard spaato starch, one starch was
from the orange-fleshed Beauregard sweet potattewhe second type was extracted
from the white-fleshed Beauregard sweet potatoes&hwo starches were examined for
differences in pasting and thermal characteristesistant starch content, and
crystallinity. Also, amino acids, such as aspaati, leucine, lysine, and methionine
were added to each starch in order to determin¢ghghéhese amino acids affected the

aforementioned properties of the starches. Thega-fleshed and white-fleshed sweet



potato starches were examined using a variety tiiods: thermal properties by
Differential Scanning Calorimetery (DSC), the pagtcharacteristics by Rapid Visco
Analysis (RVA), the resistant starch content bystasit starch determination using the

Megazyme method, and the crystallinity byra§ Diffraction (XRD).



CHAPTER 2
LITERATURE REVIEW
2.1. CARBOHYDRATES

Carbohydrates are a major source of energy andiantin most people’s daily
diets (Annison and Topping, 1994). Currently, ia thnited States, the average daily diet
is composed of 50% carbohydrates, 35% fat, and @®#€in (Higgins, 2004).
Carbohydrates are beneficial to one’s health orilgmthey are unrefined such as in the
case of whole grains and fruits and vegetableswvdder, many times the grains are
refined in order to break down the cell walls befbeing used in many breakfast cereals
and bakery products. The refining process gredatiers the amount of dietary fiber
present in the end product. Not only is fiber |@stt also many micronutrients are
depleted, and the sugars and starches in the feadissupted and made more easily
digestible in the small intestine. The result idager digestibility of carbohydrates in the
small intestine leads to a greater glycemic responthin the body (Englyst, 2005). A
high or rapid glycemic response means that theadasge release of insulin following
the consumption of a particular food. The insuéleased in large quantities in the body
prevents stored fat from being used and may alsowrage the feeling of hunger. In
contrast, unrefined carbohydrates promote a slgweghic response, which decreases the
amount of insulin released: this response redugegdr, makes stored fat more
accessible and could help in the overall managewfameight (Tapsell, 2004).
2.1.1. Starch

Starch, a storage carbohydrate found in plant esuis a polymer of D-glucose.
It is found in granular form with the size and sh&p the granules dependant on the

particular plant species; some starches, suchrasstarch, have small, spherical granules



around 2m in diameter, while others, such as potato, ageland oval with a diameter
of up to 100um. The size of the starch granule affects thetfanality of the starch by
altering characteristics such as swelling and diigditsy (Moorthy, 2002). The starch
granules are built up in layers around a centred,otalled a hilum (deMan, 1999). The
layers alternate between amorphous and crystatigiens (Katayama et al., 2002). The
granules range in crystallinity from 15 to 45% ¢ajlene. The crystallinity of the starch
can be observed through x-ray diffraction and rsied from the intertwining of
amylopectin with linear chains of glucose into alldle helix. Several forms of
crystalline structure exist within the starch, A,& and V types as well as intermediates
between the four types (deMan, 1999). The varaoystalline types differ in the packing
of their double stranded helices as well as iretineunt of associated water. The
different types of crystalline structures are amstividually associated with a particular
source: A-type is found in cereal starches, B-typmes from tuber and high amylose
starches, and C-type is found in legume starchasiéadn and Topping, 1994).

The starch granules are composed of two polymarglase and amylopectin.
The proportion of amylose to amylopectin dependthersource of the starch as well as
many other factors including the conditions in whikbe starch has been held. The ratio
of the two polymers and the way in which they iat¢raffects the properties of the
particular starch and how much resistant starchbeifound within the food product,
and will also have an effect on the digestibilifyttee particular starch (Murugesan et al,
1993 and Englyst, 2005). Native, unmodified stasdnsoluble in water unless heat is
applied to the system. When heated, the starsblisilized in the water and the starch
undergoes many changes, including gelatinizatiastipg, retrogradation (Thomas and

Atwell, 1998).



2.1.1.1. Gelatinization

The gelatinization of a starch is the first ineaiss of changes that occur to the
starch upon heating with water. During this precéise starch granules begin to uptake
the water and a disruption occurs in the molecoilder of the starch. Gelatinization
causes the starch granules to swell and, therafamesasing the viscosity of the solution.
This process is irreversible and can be seen blp#seof birefringence of the starch
granules, which is a sign that the crystallinetrte of the starch has been disrupted
(Thomas and Atwell, 1998). The gelatinization s of any particular starch will
dictate what type of applications the starch cdaddised for (Katayama, 2002).
2.1.1.2. Pasting

If the process of gelatinization is allowed to tone, pasting will occur. Pasting
is said to occur when the largest percentage aifulea are swollen, but still intact. This
is known as peak viscosity, when the mixture readtsemaximum viscosity. During this
process, amylose leaches out of the starch grafallewed by the release of some
amylopectin as heating continues. After pastihg,dtarch granules begin to breakdown
causing an increase in the release of both amgiedeamylopectin, at this point, the
structural integrity of the granules is lost (Thanaed Atwell, 1998). The pasting
properties of a starch often determine how a stailtttbe used in industry (Katayama,
2002).
2.1.1.3. Retrogradation

Depending on the amylose content of the startheea paste or gel will form
upon cooling. A high amylose content starch well isito a firm gel. The process of
forming gels upon cooling is caused by the reassioci of amylose and, to a lesser

extent, amylopectin. Amylose is the main componleat is said to retrograde (Figure



2.1); its linear structure can reassociate tigfattyning a harder, firmer gel (Thomas and
Atwell, 1998). Starches that contain higher amgldjm to amylose ratios tend to
retrograde much slower than starches that havghagarcentage of amylose; this is due
to the highly branched nature of amylopectin th&es longer periods of time to
reassociate in a tight manner (Moorthy, 2002).r&gadation can have a major effect on
the overall quality and shelf-life stability of fdgroducts. Retrogradation is often an
undesirable side effect of starch gels; this preedsen found in bread and other bakery
products in known as staling and negatively efféoesproduct (Katayama et al., 2002).
A retrograded starch often exhibits the B-type @&iise pattern even when no amylose

is present (i.e. waxy starch) (Annison and Toppit8§4).

Figure 2.1. Schematic representation of retrogradatf amylose.
Adapted from Sajilata et al. (2006)

2.1.2. Amylose

Amylose is a fraction of starch which is composétepeating glucose molecules
linked witha-D(1-4) linkages (Figure 2.2.). Amylose is genlgral straight chained or
linear polysaccharide that can have a degree gfparization of up to DP 6000 and a
molecular mass of around 105 g/mol (Sajilata e28l06). The amylose content in

native starch can range anywhere from 0 to alm@%.5



Amylose forms stiff and generally irreversible geiat will only reverse upon
heating to autoclave temperatures (110-160°C).s@ pelymers do complex readily
through the formation of hydrogen bonds betweeremdés. The tightly bonded
structures and intimate associations promote tfiaests and irreversibility of the gels
(Zobel, 1988a).

-(1-4) linkage

CH,0H CHy0H

ENEr Ep

Figure 2.2. Structure of Amylose
Adapted from Nowjee (2004)

2.1.3. Amylopectin

Amylopectin is the second fraction that is foundhivi starch. This
polysaccharide is a polymer with glucose moleclitd®d together withu-D(1-4) anda-
D(1-6) linkages (Figure 2.3.). Amylopectin is higlhranched and has a degree of
polymerization of DP 2 million and a molecular wetigf around 109 g/mol making it
one of the largest molecules found in nature. Sthecture of amylopectin is
characterized by a central chain of glucose moéscheld together witt-D(1-4)
linkages with branches at every 20-25 glucose uhéscome off of the main chain with
a-D(1-6) linkages (Sajilata et al., 2006). The anmaframylopectin present in a starch
can be as low as 50% and as high as 100%. Stanite$00% amylopectin are known

as waxy starches.



Amylopectin forms soft, reversible gels; theseypwdrs do not complex readily.
The softer gels are due to the highly branchedreattithe polymer making interactions
less favorable and fewer in number. The tempegatguired to reverse an amylopectin
gel can range anywhere from room temperature t6,9%pending on the degree of

polymerization and the number of branches of thiéquéar amylopectin (Zobel, 1988a).

a—(1-6) linkage

\j’ .
CHZOH C[-120 H Cl{2 CH:O H

(o] 0 (e]

OH OH OH OH

Figure 2.3. Structure of Amylopectin
Adapted from Nowjee (2004)

2.1.4. Effect of Protein on Starch

Liang and King (2003) found that amino acid addi$\affected the properties of rice
starch. Positive, negative, and neutral aminosagiere used in their study. The positive
additives along with the negative ones showed atgrenfluence than the neutral amino
acids on pasting properties. The various pastingesties include pasting temperature,
peak viscosity, time to peak, minimum viscosityd é&meakdown value, all of which
reflect how the starch would act during processing cooking. Overall, Liang and King
(2003) concluded that adding various amino acidpedding mainly on charge, could
influence the cooked and processed propertiesaafsfthat contain starch. Also,
research has demonstrated a relationship betwgstaltinity patterns and the amount of

resistant starch present. Through the use of Xdiffiaction, the crystallinity of starch



may be observed. A study by Botham et al. (1988icated that the crystal structure of
resistant starch was very similar to that of thg/lase fraction within starch. An
increase in the amount of amylose present witliood translates to a possible increase
in the amount of resistant starch; therefore, are@se in the crystallinity of a starch
could indicate the presence of more resistantist@otham et al., 1995).

The addition of amino acids to starch was showinftaence the starch’s
crystallinity; these changes in the crystallinitgyrbe due to an increase in the amount of
resistant starch (Botham et al., 1995 and Liangking, 2003). If the samples with
added amino acids did contain more resistant stharhthe native samples, these
modified starches could have a greater impact aitthey promoting the fiber-like
effects of resistant starch (Liang and King, 2008)so, Hamaker and Griffin (1993)
studied deproteinized starch, and found that tetehes had a higher viscosity due to a
greater amount of swelling. The proteins were tbtmhave an inhibitory role when it
came to the swelling potential of the granules.eltal. (2004) reported that charged
molecules such as amino acids could interact elstettically with the starch granules
and possibly changing their thermal stability. Tagearchers also found that the charged
amino acids, both positive and negative, had atgredfect on the gelatinization
characteristics of the starch then did the neairaho acids (Ito et al., 2004).

2.1.5. Resistant Starch

Resistant starch is one form of starch that acterike dietary fiber than other
starches (Goldring, 2004). Resistant starch isséargh that passes through the small
intestine undigested and moves through to the latgstine where it is then used as a
substrate for fermentation (Higgins, 2004). Thenteesistant is used to indicate that the

starch is unharmed and neither degraded by digestizymes nor by stomach acids.
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Although it may act like fiber within the body, re&nt starch has several advantages that
fiber does not provide. Resistant starch doesetain much water and therefore can be
used in places where fiber may impart a soggy texduch as in cookies, crackers, and
other low-moisture food products. Also, resiststarch has a smooth mouthfeel, unlike
fiber, which is gritty, and does not mask or aftavors and textures of foods (Ranhotra,
1996). Resistant starches are useful in the pramuof low-carbohydrate foods and also
products targeting special populations such asetieg(Brown, 2004).
2.1.5.1. Typesof Resistant Starch

There exist four types or sub classifications sfs&nt starch; these are RS1,
RS2, RS3, and RS4. RS1 is a starch that is insitdesphysically, to digestion. This
includes partly milled grains and seeds and alsweseery dense starchy products. This
form of resistant starch can be measured by tlierdiice in the amount of glucose
released during enzymatic digestion from homogeh&e non-homogenized food
samples. RS1 can be used in a wide variety of fwoducts because it is very heat
stable during the cooking process. See Figuréo?.d representation of RS1. RS2 is
found in granular sources that have not been gétatli and are resistant to enzymatic
digestion. RS2 is measured as the difference laghree glucose responses during
enzyme digestion of a boiled homogenized food \&tisat of an unboiled non-
homogenized food. This type of resistant starchbmfound in raw vegetables such as
bananas and potatoes. See Figure 2.5 for thdwgteunf RS2. RS3 is starch, mainly
amylose, which has gelatinized and retrogradectoime indigestible upon cooling.
Most bakery products that are moist heated comstastantial amounts of RS3. This
fraction can be measured as the starch that staesito degradation both by boiling and

enzymatic digestion. See Figure 2.1. for a reprasion of RS3.
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RS4 is starch that is resistant to digestion bexatisome chemical modification
including the formation of bonds other than thB(1-4) anda-D(1-6) linkages. Most
modified starches can be included in this fractbresistant starch (Goldring, 2004 and
Sajilata et al., 2006). All products containingrsh have resistant starch in them, but the
amount and form (i.e., RS1, RS2, etc.) dependsamyrfactors including storage times
and temperatures, the methods used to processatiegts, and the sources from which
the starch was obtained (Brown, 2004). Also, sswextrinsic factors affect the resistant
starch. These include the amount and thorouglofessewing, transit time within the
gastrointestinal tract, amount of starch preseghgrdood ingested concurrently with the
resistant starch, and the concentration of amaitytee body (Englyst, 1992). Some
common foods that contain resistant starch incyrdens, vegetables, cereals, seeds,

legumes, and nuts (Goldring, 2004).

© O
©

Figure 2.4. Structure of RS1. Figure 2.5. Structure of RS2.
Both figures adapfrom Sajilata et al.(2006).

2.1.5.2. Legal and Health Issues
In animal studies, high amounts of resistant stadhinistered orally caused
several effects including a decrease in both boeight and food intake, but these effects

are not considered to be adverse. The intakesgdtemt starch does not decrease mineral
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retention in humans, but at high levels an incréa$latulence was reported (Goldring,
2004). In order to have any beneficial effectdenlth, an estimated 15-20g/day of
resistant starch is necessary in the diet (BroWw42 Resistant starch does not have any
legal definitions attached, and must only appediood labels if the resistant starch was
induced through chemical modifications. In theiseurnstances, the term “chemically
modified starch” must be included. The additiomesistant starch does not affect the
carbohydrate content within a food product, and nealyce the caloric value if the
resistant starch is included in and categorizeahassoluble fiber (Goldring, 2004).

Resistant starch has many of the same health easfdietary fiber, but has
been found to be more appealing than fiber whed irsod products. Resistant starch
may reduce the risk of cancer in the digestivet ttawer lipid levels in the blood, and
also helps with constipation and osteoporosis (@uil 2004). Resistant starch acts as a
prebiotic in the body, this means it serves asbatsate for the growth and proliferation
of probiotic bacteria. These bacteria live in ¢jastrointestinal tract, are beneficial to the
host and can improve the host’s overall healthronglwith all of these benefits, resistant
starch offers better taste, texture, and appeaitarfoeds than does added dietary fiber
(Brown, 2004). Resistant starch can be very usefallow-carbohydrate diet as it
produces a small glycemic response and also wirbologdrates are replaced with
resistant starch in a food product, the total easoof the food may be reduced since the
resistant starch travels through the body undige&®Idring, 2004).
2.2. SWEET POTATO

The sweet potato is a storage root that belongsetéamily Convolvulaceae, the
morning glory family. Although its name may suggetherwise, the sweet potato has no

relation to the regular potato tuber. The sweédtoooriginated in Central America

13



where it was domesticated over 5000 years ago @86). This root is grown in over
100 countries due to its adaptability to many défe soil types and growing conditions,
and is currently the seventh most important foaghan the world after wheat, rice,
maize, potato, barley, and cassava (Prakash, I89#shiguro et al., 2003). Also, the
sweet potato has a shorter growth period than atiber or root crops and can be grown
year round under the proper conditions. This paldr crop has become known for its
usefulness in times of crisis and as such has ¢orbe known as an “insurance crop”
(FAO, 1990). The sweet potato has been used thoutdnistory during famines when
staple crops have fallen prey to disease. Thishas a long shelf life and can be stored
at room temperature for up to nine months oncedc(fkeam, 2005).

The sweet potato, due to its high nutritive queditiis being used in health
campaigns all over the world. Some of these irgliughting childhood blindness and
other diseases such as measles and malaria daektoflvitamin A in sub-Saharan
Africa and south and west Asia. The sweet potatdso used to help nourish newly
weaned children in Peru who do not get proper sburent once off of breast milk
(Mukherjee, 2002 and Espinola et al, 1998). Theedwotato offers a host of macro and
micronutrients as well as fibeBeta-carotene, a precursor to vitamin A, is found in
abundance in the sweet potato, along with highlsesemany antioxidants. Also, the
sweet potato is a good source of complex carbobgslraitamin C, vitamin B6, iron, and
potassium and is low in fat (Tsou, 1992). Thesamwins and minerals have been shown
to help prevent many types of cancer, reduce #keafi heart attack, and protect the body
from infection. Antioxidants such as vitamin C B&yeen shown to decrease the number
of free radicals within the body. This reducticcteases the risk eye problems, like

cataracts, many cancers, and can help slow dowaging process (Patrick, 1996). Table

14



2.1. summarizes the nutritional aspects of bothatlegage white and orange-fleshed
sweet potato. Table 2.2. shows the amino acidecdmf sweet potatoes.

Table 2.1. Nutritional quality of White and Oranfiesh sweet potato as % of RDA/100g
fresh weight. Adapted from Tsou (1992).

White-Fleshed Orange-Fleshed
Sweet Potato Starch Sweet Potato Starch
Nutrient % of RDV % of RDV
Protein 0.63 0.79
Riboflavin 1.73 1.37
Thiamin 0.80 0.79
Calcium 0.65 1.83
Iron 2.19 2.39
Vitamin A - 238
Vitamin C 6.08 7.97

Table 2.2. Amino Acid Content of Sweet Potatoegpreed as mg/g of crude protein.
Adapted from FAO (1990).

Amino Acid Histidine Leucine Lysine Methionine
+ Cysteine
mg/g 13 54 34 28
Amino Acid | Phenylalanine Threonine | Tryptophan Valine
+ Tyrosine
mg/g 62 38 14 45

2.2.1. Sweet Potato Industry

Approximately 600,000 tons of sweet potatoes apelypced annually in the
United States, making it 1an the world in terms of sweet potato productiafithin the
United States, North Carolina, Louisiana, and ©Oatifa are the top 3 states to produce
sweet potatoes. About 24 percent of the natioreespotatoes are grown in Louisiana,
which accounts for over half of the state’s vegletaash income and translates to $100
million for the states economy. Much of the roatsvgn in Louisiana are sent for
processing, mainly canning (Lucier et al, 2002he Beauregard variety of sweet potato

is the major variety grown in Louisiana, accountiogalmost one hundred percent of the
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sweet potato crop. This variety is often refet@ds a yam even though it bears no
relation to the true yam tuber. This nomenclatsngsed to differentiate the Louisiana
sweet potato which has a more moist flesh frondttyesweet potatoes grown elsewhere
in the country. There are two “yam” processors tedan Louisiana as well as thirty
fresh market shippers (Patrick, 1996). When tloésrare processed, much waste is
created in the form of peelings and rejected swetttoes. Colston and Smallwood
(1974) monitored a sweet potato processor in NOetolina where they found that 33%
of the raw potato brought into the facility endgrlas waste. The mostly organic waste is
harbored in lagoons. At present, there is not nusehfor this waste and it must be
discarded, but much of this waste could be usguidduce sweet potato starch in a very
cost effective manner and would also eliminateuthieecessary waste of so many sweet
potato pieces.
2.2.2. Sweet Potato Uses

The sweet potato is used within several differeatkets around the United States
and the world. The fresh roots can be prepareerakgifferent ways and are eaten
whole. Also, the unprocessed sweet potato carsée im a myriad of ways within
recipes, such as in casseroles, salads, sauces, s@gserts, and as a dipping vegetable.
The processed sweet potato flesh can be foundeimchrfries, patties, and twice baked
potatoes and also as a dehydrated product. Cawest potatoes are very popular and
can be found sliced, candied, or mashed. Alsoyraby foods now contain sweet
potato (Lucier et al., 2002). Twenty percent of $siaeeet potatoes produced throughout
the world are used for their starch (Ishiguro et2003). Sweet potato starch can be

found on the list of ingredients for many food puots including breads, cookies,
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noodles, crackers, pies, cakes, and chips. Alccdnolalso be made through the
distillation of sweet potatoes (Lucier et al., 202
2.2.3. Sweet Potato Starch

Sweet potato starch is a very important food pebduaterial around the world
with an emphasis of use in Asian countries (Moqr2§02). The usefulness of sweet
potato starch ranges from one variety to anotiiée starch’s use is determined by
several factors including the amylose/amylopediior granule size, and the structure of
the starch (Katayama et al., 2002). The sweet@satarch granules vary in shape from
polygonal, round to oval with diameters rangingrd to 25um (Moorthy, 2002). The
average sweet potato starch granule has an angdosent of around 18% (Tsou, 1992).
Sweet potato starch has been characterized asghaaiious x-ray diffraction patterns
ranging from A, C, and an intermediate betweenAtlaad C types. Also, the absolute
crystallinity of this starch is reportedly aroun88. Depending on variety, sweet potato
starch has a known range of amylose content 088%; a gelatinization temperature of
63-79°C, and a pasting temperature of 58.5 to g®i@brthy, 2002).

Much research has been performed on the swedbpateoss the world including
much research on gelatinization, pasting, and geaidation, and also on the various
factors that can influence the properties of theetwpotato starch. Kaur et al. (2006)
studied the gelatinization patterns of sweet pattdoch and found that starches with
high amylose content had a higher gelatinizatiomperature and a lower enthalpy than
starches with lower amylose contents. The reseasaleasoned that the correlation
between amylose content with gelatinization temjpeesand enthalpy suggests that there
must be a higher percentage of amorphous regidinsrrdnan crystalline regions within

the amylose. This lack of crystalline regionseaithe gelatinization temperature (Kaur
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et al., 2006). The crystallinity of a starch granumhparts stability to the system that can
be disturbed only through higher temperatures.o Adscorrelation between the
harvesting of sweet potatoes, early to late dutiegsweet potato growth period, and the
enthalpy needed to gelatinize the starch has betsred.

Research found that the earlier a sweet potatdham@sted in its growing
season, the lower the enthalpy will be to produgelatinized sample (Moorthy, 2002).
Jangchud et al. (2003) found that the peak tempe®bf pasting varied between sweet
potato starches because of the variety of starmhulg sizes that exist. Starches with
larger granules were correlated with lower pastergperatures, but also with an increase
in the amount of swelling observed (Jangchud e2@D3). Collado et al. (1999) found
that the pasting viscosity and amylose contentvefes potatoes was negatively
correlated. Moorthy (2002) reported that sweetfmostarches having lower amylose
contents or those starches with smaller amylopectiecules retrograded slower than

those starches having a high amylose content.
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CHAPTER 3
EFFECTSOF AMINO ACID ADDITIVESON GELATINIZATION
CHARACTERISTICSOF SWEET POTATO STARCHESBY USING
DIFFERENTIAL SCANNING CALORIMETRY (DSC)
3.1. INTRODUCTION

Starch granules are insoluble in cold water, buenvheat is added to the system,
the granules begin to swell and absorb some olvitter and the starch begins to
solubilize in the water. At this point the birgfgence that had been characteristic of the
granules under a light microscope disappears,@dreversible process of
gelatinization is said to occur. During gelatirtian, the crystalline structure of the
starch granule is disrupted and the molecular asdest (deMan, 1999 and Thomas and
Atwell, 1998). The viscosity of the starch and evatolution begins to increase during
this process. This increase in viscosity makestaesh solution, now a paste, suitable
for use in various food products (Thomas and Atwi€B8).

The gelatinization characteristics of a starchvany important in the function
that starch will play in a particular food. It danines cooking behavior as well as the
characteristics of the food in which it is foundegter and Morrison, 1990). The
temperature at which gelatinization occurs camflaenced by many factors, including
heating rate, presence of other compounds, pHthansize, shape, and source of the
starch granules. Starches containing granulesrgét sizes generally gelatinize at a
lower temperature than starches that have smatled granules (deMan, 1999). Also,
the plant source from which the starch is extracguinfluence the gelatinization
temperature. The gelatinization temperatures atsrand tubers are generally lower than

those of cereal and grain starches (Thomas andliAt@98).
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Differential Scanning Calorimetry (DSC) is a udefiethod in analyzing the
thermal properties of various substances, incluthieggelatinization of starch. The DSC
measures the onset temperature, the peak temperamar the conclusion temperature of
gelatinization as well as the total enthalpy needegklatinize the sample. Different
varieties of the same sample species can havedayabie variations in their
gelatinization temperatures. Collado et al. (1990ylied forty-four types of sweet potato
native to the Philippines and found that thereterivast ranges in the DSC
characteristics of these potatoes. Onset temperhau a range of 61.3-70°C, peak
temperature had a range of 70.2-77°C, and a rang@ 0-88.5°C was observed for the
conclusion temperature.

It has been shown that the addition of amino adsstarch can affect the
starch’s gelatinization characteristics. LiangQ2Pfound that the addition of various
amino acids to rice starch increases the gelatmziarameters of the starch including
the peak temperature and conclusion temperatuneserleffects were most often seen
with charged amino acids including aspartic acid lgsine (Liang, 2001). An (2005)
studied the effects on gelatinization when lysires\@dded to rice starch. She found that
the gelatinization characteristics, onset tempegapeak temperature, and conclusion
temperature, increased due to this addition, vthietotal enthalpy needed to gelatinize
the starch decreased. Ito et al. (2004) alsoddbat it was possible to regulate the
gelatinization temperatures of potato starch thiatng addition of amino acids. The
researchers found that the addition of neutral araids had little effect on the potato
starch, but adding charged amino acids such asdysiuse significant increases in the

gelatinization characteristics of the starch.
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Sweet potatoes were used in this research beoétise large-scale production of
sweet potatoes worldwide. The sweet potato isablsery hardy crop that can withstand
many climates and growing conditions. The swegdtpds an excellent source of starch,
but this starch has gone largely unstudied whearites to the addition of various
additives.

The objectives of this study were 1) to deterntiveeeffect of various amino acid
additives on the thermal properties of sweet patdcches and 2) to investigate the
differences between the white and orange flesh tspatato starches through the use of
DSC.

3.2. MATERIALSAND METHODS
3.2.1. Materials

Sweet potato starch was extracted from white aadg®-fleshed Beauregard
sweet potatoes grown at the Louisiana State UntyekgCenter research station and
were harvested in October 2006. The amino acied umsthis study were purchased
from Sigma Chemical Company (St. Louis, Missouilihe amino acids used included
one positive (Lysine), one negative (Aspartic Acmhe neutral (Leucine), and one
sulfur-containing amino acid (Methionine). Thesetjgular amino acids were chosen
based on past research (Liang, 2001 and An, 2005).

3.2.2. Sweet Potato Star ch Extraction

White-fleshed and orange-fleshed Beauregard sve#atqes were peeled and
sliced. Then in batches of 400g the sweet potat@es blended at high speed in a
Waring Blender for 2 minutes with 500mL of distdlevater. The resulting mixture was
then passed through a 160 sieve. The pulp left atop the sieve was furth@shed with

500mL of distilled water. Three batches were corablibefore the next step. The filtrate
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(approximately 3000mL) was divided between fourr@Q@entrifuge bottles. These
bottles were then centrifuged at 3000 x g at 21CLfbminutes in a Thermo Electronic
Corporation Sorvall RC 6 Plus Centrifuge (Walth&®) fitted with a Sorvall SLC-
4000 Super-Lite rotor, after this, the liquid wascdrded and the orange layer manually
scraped off of the starch. The bottles were eilvith distilled water, the starch
resuspended, and centrifuged in the same manraah lkatch was centrifuged and
washed with distilled water a total of four timeatter the fourth centrifugation, the
precipitate (starch) was removed from the bottlezén at -80°C, and freeze dried to a
fine powder. All batches were combined to forrmdarm sample. This same process
was then repeated for the white-fleshed Beauregaegt potatoes. The sweet potato
starch was stored in hermetically sealed plastysba
3.2.3. Proximate Analysis

White-flesh and orange-flesh Beauregard sweet @starch was examined for
lipid content using chloroform methanol (method 283 AOAC 1995), protein content
using thermal conductivity on a Model 2410 Nitrogemalyzer (Perkin Elmer, Norwalk,
CT) (method 992.15, AOAC 1995), ash content usifdn@enix Microwave Ashing
System (CEM, Matthews, NC) (method 920.153, AOA®S)9and moisture content
using a SMART System 5 (CEM, Matthews, NC) (metB88.14, AOAC 1995). The
carbohydrate content was determined by using threuia: 100- (% protein + % fat + %
moisture + % ash) = % carbohydraferace metal content of the native white-fleshed
and orange-fleshed sweet potato starch was guehtlirough the use of ICP
(Inductively Coupled Plasma). Each starch sample analyzed in duplicate. The

replicates were then averaged.
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3.2.4. Amylose Content Deter mination

Quantifying the amylose content of the sweet pagédioch was done following the
Megazyme Amylose/Amylopectin Assay Procedure (MggeezInternational, Ireland).
This method is based on the method developed byavidiViatheson (1990). All
reagent solutions/suspensions, buffers, and saweete prepared beforehand following
the instructions given by Megazyme.

Twenty to twenty-five mg of starch sample were aately weighed into 10mL screw
capped tubes. The analyses were performed incttplon the white and orange sweet
potato starches that had no additives added. QnefMMMSO was added to the tubes
while it was gently mixed on low speed on a vont@axer. The tubes were capped and
heated in a boiling water bath until the samplessveempletely dispersed (about 1
minute). The contents of the sealed tubes wem@oigly mixed at high speed on a
vortex mixer, after which the tubes were placed boiling water bath and heated for 15
minutes with intermittent high-speed stirring onaatex mixer. The tubes were then
stored at room temperature for 5 minutes and 2586 ethanol were added with
continuous stirring on a vortex mixer. A furthenld of ethanol were added; the tubes
were capped and inverted to mix. The tubes wéogvat to stand for 15 minutes at
room temperature to allow a starch precipitateotonf The tubes were centrifuged at
20009 for 5 minutes, the supernatant discardedrantlibes were drained on tissue paper
for 10 minutes, ensuring that all of the ethana Heained. The starch pellet was used in
the subsequent amylose and starch determinatibns.mL of DMSO were added to the
starch pellets. The tubes were placed in a bowater bath for 15 minutes and mixed
occasionally. On removing the tubes from the hgilivater bath, 4mL of Concanavalin

A solvent (30 mL of a 600mM, pH 6.4 sodium acetaiéfer diluted to 200mL with
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distilled water) were immediately added, the tuvese mixed thoroughly and then the
tube contents were quantitatively transferred tmR%olumetric flasks. The contents
were diluted to volume with Concanavalin A solvehts mixture is Solution A.

One mL of Solution A, from the above section, was$ferred to a 2.0mL Eppendorf
microfuge tube, 0.5mL of Concanavalin A solutio@@g ConA, a lectin protein, in
50mL ConA solvent) was added, then the tubes wagppaed and gently mixed by
repeated inversion. The tubes were allowed tadsanl hour at room temperature, and
then centrifuged at 14,0009 for 10min in a micr@ag room temperature. One mL of
the supernatant was transferred to 15mL centrifuges. Three mL of 200mM sodium
acetate buffer, pH 4.5 were then added. This rditive pH to 5. The contents were
mixed; the tubes were lightly stoppered and hestedboiling water bath for 5min to
denature the Con A. The tubes were placed in antaith at 40°C and allowed to
equilibrate for 5 minutes, then 0.1 mL of amylogisiclase (3300Ugtamylase (500U)
enzyme mixture was added and the tubes were inedileat40°C for 30 minutes. The
tubes were centrifuged at 2000g for 5 minutes.1.DonL aliquots of the supernatant,
4mL of GOPOD Reagent (glucose oxidase (>12,000u8 pkroxidase (>650U) and 4-
aminoantipyrine (80mg) diluted in 20mL of GOPOD Besat Buffer (potassium
phosphate buffer (1M,pH 4.7), p-hydroxybenzoic 46i@2M) and sodium azide (0.02%
w/w))) was added. The tubes were then incubatd@&@ for 20 minutes. A Reagent
Blank was made by adding 1.0mL of 100mM sodiumatedbuffer to 4.0mL of GOPOD
Reagent; the D-Glucose Controls were made by adilihgL of D-glucose standard
solution (Img/mL) and 0.9mL of sodium acetate butie4.0mL of GOPOD reagent.

The Reagent Blank and the D-Glucose Controls werehated concurrently with the
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starch samples. The absorbance of each samplbaidglucose controls were read at
510nm against the reagent blank.
3.2.5. Differential Scanning Calorimeter Analysis

A Differential Scanning Calorimeter (DSC) Q10 (Téstruments, New Castle,
DE) was used to determine the gelatinization prigeepf the sweet potato starch
samples. Ten mg of sample were weighed and plat@@dluminum DSC pans. Twenty
uL of distilled water was then added to each parkingga 1:2 ratio of starch to water.
For the samples containing amino acids, 6% staeigiw basis additive solutions were
made and were added to the DSC pans in place diighibed water (Liang and King,
2003). The amino acid solutions were made by comi300mg of amino acid with
10mL of distilled water. The amino acid solutiomsre then mixed and allowed to
equilibrate for 10 minutes before use. One panatoimg only 20uL of distilled water
served as a reference. The pans were then platad the DSC apparatus. The
procedure began by equilibrating the samples & 28&n they were heated to 150°C at
5°C/minute ramp. Afterwards, the graphs were amlyto identify any patterns or
trends relating to the amino acid additives us&ll DSC analyses were performed in
triplicate.
3.2.6. Statistical Analysis

SAS (Statistical Analysis System) software (varstd0) was used to analyze the
DSC data. Standard deviation, ANOVA (Analysis @rMnce), and Tukey’s
Studentized Range (HSD) were used to examine thetgfof the amino acid additives
on the white and orange sweet potato starchesper0d5 level. The abbreviations
used were White for the white-flesh sweet potatocst, Orange for the orange-flesh

sweet potato starch, NOAA for no amino acid addiivASPA for aspartic acid, LEU for
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leucine, LYS for lysine, METH for methionine, OTrfonset temperature, PT for peak
temperature, CT for conclusion temperature, anddgnthalpy.
3.3. RESULTSAND DISCUSSION
3.3.1. Proximate Analysis

The results of the proximate analyses on both sp@&eato starches are shown in
Table 3.1. The orange-fleshed sweet potato steadra higher amount of both fat and
ash, but had a lower total amount of carbohydraBzgth starches did contain a fairly
small level of lipid and no protein, but the vasjority of the product was in
carbohydrate form. Moorthy (2002) reported ondchemical composition of various
sweet potato varieties. He found that on aversygegt potato starch contained a range
of 0.006- 0.26 % fat and 0.05- 1.3% ash. The te$tdm the present study reveal values
close to these known ranges; however, the fat ats1té 0.38 and 0.31 for the orange
and white sweet potato starches, respectively glagktly higher and the values for ash,
0.002 and 0.0 % for the orange-fleshed and whishitd sweet potato starches,
respectively, were slightly lower than the knownges. Table 3.2. shows the results of
the trace mineral analysis.

Table 3.1. Proximate Analysis Results

Sample Moisture| Fat | Protein| Ash | Carbohydratel Amylose
(%) (%) | (%) (%) (%) (%)
Orange-fleshed Sweet 4.96 0.38 0.00 | 0.002 97.13 4.59+
Potato Starch 0.82
White-fleshed Sweet 2.98 0.31 0.00 0.00 98.19 14.43+
Potato Starch 0.46

Table 3.2. Trace Mineral Analysis Results

White-Fleshed Orange-Fleshed
Sweet Potato StarchSweet Potato Starch

Aluminum (ppm) 3.34 +£0.45 3.96 + 0.46

Boron (ppm) 1+0.00 1.06 + 0.06
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(Table 3.2. continued)

Calcium (%) 0.01 £ 0.00 0.04 £ 0.00
Copper (ppm) 1.14 +0.09 4.64 + 0.62
Iron (ppm) 1.44 £0.30 1.54 £ 0.26
Magnesium (%) 0 £0.00 0+£0.00
Molybdenum (ppm) 1+0.00 1+0.00
Phosphorus (%) 0.02 +0.00 0.01 +0.00
Potassium (%) 0.02 £ 0.00 0.01 £ 0.00
Sodium (ppm) 29.02 £4.22 16.81 £ 0.06
Sulfur (%) 0+0.00 0+0.00
Zinc (ppm) 1.07 £ 0.07 1.11+0.11

3.3.2. Amylose Content

The orange Beauregard sweet potatoes yieldedan stéth 4.59% amylose,
while the white sweet potato starch contained 144@mnylose, Table 3.1. These two
amylose values were significantly different (p<(Q.0Several researchers cite that the
amylose content of orange-fleshed sweet potataa®isid 20% (Jangchud et al., 2003
and Moorthy, 2002). This is much higher value thes found in this research, although
none of the other studies had been carried ouifg@dly on Beauregard sweet potatoes.
Kitahara et al. (2005) analyzed several varietfekapanese sweet potatoes and found
them to contain between 13.6 and 16.2% amyloseentnt
3.3.3. Differential Scanning Calorimeter Analysis
3.3.3.1. Effects of Amino Acids on Orange-Fleshed Sweet Potato Starch

For the orange-fleshed sweet potato starch, osipdyseemed to have an effect
on the gelatinization characteristics of the stgiicdble 3.3, Figure 3.1). Moorthy (2002)
reported the range of known gelatinization tempeest of sweet potatoes: onset
temperature of 61.3-70°C, peak temperature of 7@°Z, conclusion temperature of
80.7-88.5°C, and an enthalpy of 10-18.6J/g. Tlege-fleshed sweet potato starch

values with no amino acid additives falls below thege for both onset and peak
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temperatures, but is well within the range for ¢baclusion temperature and enthalpy.
This result is also true for all of the orange-filed sweet potato starches that contained
amino acids. For onset temperature, there wasftevathce observed when aspartic acid,
leucine, or methionine were added. For this patamenly lysine had an effect on the
starch, which was to increase the onset temperbfu2e2°C. Lysine was also the only
amino acid to have an effect on the peak temperatithe orange-fleshed sweet potato
starch. In this case, the lysine also had an astng effect on the peak temperature, with
an increase of 3.2°C. The final temperature arnlladpy were not affected by the
addition of any of the amino acid additives. Thessilts correlated with findings from
An (2005). An (2005) studied the effects of lysorerice starch, and found that the
lysine increased the gelatinization temperaturdsotli untreated, ozone treated, and
oxygen treated rice starch samples. Ito et aD42@dded lysine, glycine, alanine, and
leucine to potato starch in order to determinertefects on gelatinization. The
researchers found that all of the charged amindgsabioth positive and negative, had
similar effects, which was to increase the geladhon temperatures. They also found
that the neutral amino acids had only a weak effadhe gelatinization properties of the
starch, if any. Ito et al. (2004) used the amicdson a 10% starch basis, whereas the
amino acids in the present study were used on atéféh basis. These results
correspond with those in the present study fopthetively charged lysine and the
neutral acids leucine and methionine, but do nobaet for aspartic acid that is
negatively charged. According to past researcitesaspartic acid is a charged amino
acid an effect on the gelatinization would be expacbut the results show that for sweet
potato, aspartic acid does not have a significiatieon the gelatinization characteristics

of the starch (Ito et al., 2004). From these rasitlis clear that only the positively
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charged lysine had significant effects on the oeas\geet potato starch in terms of
gelatinization.

Table 3.3. Effects of Amino Acid Additives on Getazation of Orange-fleshed Sweet
Potato Starch

Amino Acid Onset Peak Final Enthalpy
Additive Temperature| Temperature| Temperature (J/9)
(°C) °C) (°C)

No Amino | 56.81+ 1.2} | 67.69+ 0.51.| 82.88+2.99 | 12.51+ 3.65
Acid

Aspartic 58.09+1.01, | 68.66+0.29 | 82.55+ 0.5 | 10.86+ 0.26
Acid

Leucine 57.52+0.18,| 67.67+£0.3: | 79.71+1.11 | 9.73+0.74

Lysine 59.04+0.22 | 70.89+0.22 | 83.92+ 0.81 | 10.88+ 0.64

Methionine | 56.77+ 0.54| 66.42+0.85 | 80.93+1.53 | 10.70+ 1.8Q

! Means with the same letter in each column areigatfiantly different p>0.05.
3.3.3.2. Effects of Amino Acids on White-Fleshed Sweet Potato Starch

Similar results were seen in the white sweet pattach as in the orange-fleshed sweet
potato starch in terms of effects of the additiveghe starch (Table 3.4, Figure 3.2).
The white-fleshed sweet potato starch, however,witisn the known range of
gelatinization for sweet potatoes as reported bty (2002). All of the treatment
groups with amino acid additives also fell withire ranges of known gelatinization
temperatures. The onset temperature of gelatioizatas affected by two amino acids,
aspartic acid and lysine, which raised the tempeedty 2 and 3°C, respectively.
Aspartic acid and lysine were also seen to affeeipeak temperature, by the same
amount as the onset temperature 2 and 3°C, regplgctiBoth lysine and aspartic acid
are charged amino acids. These results correldateetresearch of Ito et al. (2004) that
found that charged amino acids, both positive aghtive, had the effect of raising the
gelatinization temperatures of potato starch. Thesy also found that neutral amino

acids had only weak effects on the potato starclsean here with leucine and
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caused an increase in the gelatinization charatitesj especially the addition of the
aspartic acid on a 6% dry starch basis. As irothage-fleshed sweet potato starch, there
was no effect seen by the amino acids on eithefinhetemperature or the enthalpy of

the white-fleshed sweet potato starch.

Table 3.4. Effects of Amino Acid Additives on Getatation of White-fleshed Sweet
Potato Starch

Amino Acid Onset Peak Final Enthalpy
Additive Temperature| Temperature| Temperature (J/g)
) (°C) Q)
No Amino | 70.13+0.1Q | 76.66+ 0.0¢ | 85.58+ 0.64,| 11.61+ 0.4
Acid
Aspartic 72.03+0.7¢ | 78.68+£0.2p | 86.77+£0.7Q | 10.58+ 1.74
Acid
Leucine 70.70+ 0.36| 76.65+0.39 | 84.07+1.18 | 9.02+1.1Q
Lysine 73.21+0.22 | 79.61+0.23 | 87.10+1.45 | 10.70+ 1.78
Methionine | 69.67+0.21| 76.01+ 0.39 | 83.84+0.4¢ | 10.48+ 0.52

Means in the same column with the same letter arsignificantly different at p>0.05.

3.3.3.3. Comparison of Gelatinization Characteristics of White-Fleshed and Orange-
Fleshed Sweet Potato Starches

In comparing the white-fleshed to the orange-flesfwweet potato starch, it is obvious
that even with no additives, differences existi@ onset temperature and the peak
temperature of gelatinization (Table 3.5). Theedtiemperature of the white-fleshed
sweet potato starch was 14°C higher than thateobthnge-fleshed sweet potato starch,
and its peak temperature was 11°C higher (Figl8e Xitahara et al. (2005) found that
the phosphate content of sweet potato starchesavesated positively with the
gelatinization temperature. This could mean thatwhite-fleshed sweet potato starch
contains more phosphate groups than the orandeeflesveet potato starch, and that the

attached phosphate groups could be raising thémgektion temperatures. In measuring
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the phosphate contents of both the white and orflaglkeed sweet potato starches, the
white-fleshed starch was found to contain 0.02%sphate while the orange-fleshed
starch contained 0.01%. These values are veryasiowever the white-fleshed sweet
potato starch does contain more phosphate thaor#imge-fleshed sweet potato starch
and the increased phosphate could have a greétet if raising the gelatinization
temperatures of the white-fleshed sweet potateistaKitahara et al. (2005) also found
that the gelatinization temperature of sweet patdech was positively correlated with
the amount of apparent amylose in the starch. Wihte- fleshed sweet potato starch in
the present research was found to have an amyogert of 14.43% whereas the
orange-fleshed sweet potato starch had only 4.58%ose. Our research also suggests
that the gelatinization temperatures decreaseddeitiheasing amylose content. There
were no statistically significant differences betwehe white-fleshed and orange-fleshed
sweet potato starch with regard to the conclusomperature or the enthalpy needed for
gelatinization. There may also possibly existfeetgnce in either the size or the shape
of the white-fleshed and orange-fleshed sweet patiairch granules. Larger granules
tend to swell at lower temperatures than smalbachktgranules (Kaur et al., 2006).
Taking this fact into account, the orange-fleshedet potato starch may have larger
granules, which could have induced a lower gelzgiton temperature than the white-
fleshed sweet potato starch, or the orange-fleshe@t potato starch may have granules
of a different and more accessible shape than hitesileshed sweet potato starch.

The addition of the amino acids to the white arahge sweet potato starches
made no noticeable changes to the comparison divihvetarches except for the

conclusion temperature of gelatinization (Figures®7). All of the onset temperatures
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Table 3.5. Comparing Gelatinization Properties cdr@@e-fleshed and White-fleshed
Sweet Potato Starches with Amino Acid Additives.

Onset Temperature (°C)
No Amino Aspartic Leucine Lysine Methionine
Acid Acid
Orange 56.81+ 1.21 58.09+ 1.01 | 57.52+ 0.15 | 59.04+ 0.22 | 56.77+ 0.54
White 70.13+ 0.19| 72.03+ 0.76 | 70.70+ 0.36 | 73.21+ 0.28 | 69.67+ 0.2}
Peak Temperature (°C)
No Amino Aspartic Leucine Lysine Methionine
Acid Acid
Orange 67.69+ 0.51 68.66+ 0.29 | 67.67+ 0.2 | 70.89+ 0.22 | 66.42+ 0.85
White 76.66+ 0.04| 78.68+ 0.25 | 76.65+ 0.39 | 79.61+ 0.23 | 76.01+ 0.39
Final Temperature (°C)
No Amino Aspartic Leucine Lysine Methionine
Acid Acid
Orange 82.88+ 2.99 82.55+ 0.57 | 79.71+ 1.1] | 83.92+ 0.81 | 80.93+ 1.53
White 85.58+ 0.64| 86.77+ 0.79Q | 84.07+ 1.18 | 87.10+ 1.45 | 83.84+ 0.4§
Enthalpy (J/g)
No Amino Aspartic Leucine Lysine Methionine
Acid Acid
Orange 12.51+ 3.5 10.86+ 0.2 | 9.73£0.74 | 10.88+ 0.64| 10.70+ 1.8Q
White 11.61+0.45| 10.58+ 1.74 | 9.02+ 1.1Q | 10.70+1.78| 10.48+ 0.52

'For each parameter, means with the same lettercin @lumn are not significantly
different at p>0.05.
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Figure 3.3 DSC Analysis of White-Fleshed and OraRigshed Sweet Potato Starches
without Added Amino Acids.
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and peak temperatures with and without amino aaded were significantly different
between the white-fleshed and orange-fleshed spatato starches. The addition of the
amino acids resulted in a significantly lowexQp05) the final temperature of the orange-
fleshed sweet potato starch in all cases compartdtketwhite-fleshed sweet potato starch
with amino acids. When the enthalpies of gelasitian were compared, none of the
treatment groups or the control were found to baicantly different.

3.4. CONCLUSION

This study showed that there are apparent diftm®im the white-fleshed and
orange-fleshed sweet potato starches in termseofdklatinization characteristics. The
orange-fleshed sweet potato starch granules begjalatinize at a lower temperature
and also completed gelatinization at a lower tempee than those of the white-fleshed
sweet potato starch. Both the orange-fleshed lamavhite-fleshed sweet potato starches
used similar amounts of energy to gelatinize aa bgdheir similar enthalpies.

The addition of amino acids did affect both of sveeet potato starches. The
orange-fleshed sweet potato starch was mostlytafiday the addition of lysine, a
positively charged amino acid, which increasedgilatinization temperature. The
addition of leucine, aspartic acid, and methioriiad no apparent impact on the orange-
fleshed sweet potato starch. The white-fleshedespatato starch, however, was
affected by both lysine and aspartic acid, positind negative amino acids, respectively.
Both of these amino acids had the same effect@sttrch, which was to increase the
gelatinization temperature. Overall, the two dtescused were more affected by charged

amino acids than by the neutral ones.
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CHAPTER 4

EFFECTSOF AMINO ACID ADDITIVES ON PASTING
CHARACTERISTICSOF SWEET POTATO STARCHESUSING RAPID VISCO
ANALYZER (RVA)

4.1. INTRODUCTION

The pasting of a starch occurs after gelatininatimt can also be viewed as a
continuation of the gelatinization of a starch. heating continues after gelatinization,
the starch granules become even more swollen gaasimcrease in the viscosity of the
starch paste. The starch is said to be fully plasteen the largest percentage of granules,
swollen but still intact, are present; this is ateown as the peak viscosity. During the
swelling of the starch granules, amylose as wedlmglopectin leach out from the
granules. After continued heating, the starch glesgradually rupture and breakdown.
Once the heating of the starch is complete andrapbkegins, the polymers of starch that
were released from the starch granules now begiassociate. This process is known
as retrogradation. Crystalline structures are &atpmainly from amylose molecules in
the short term, followed later on by amylopectimgias and Atwell, 1998).

Several different methods exist that can be useddasure the pasting and
potential for retrogradation in various starch&bese include Rapid Visco Analyzer
(RVA) and Brabender viscoamylography (BV). RVA leeen shown to be a better
method of quantifying pasting characteristics tBa&hbecause it couples a small sample
size, around 3 grams, with a rapid run time. B&Gduse of its large sample sizes, can
cause errors during the analysis. The RVA givesosity curves that show the various
pasting characteristics of the starch as they wooddir during processing. (Qian and

Kuhn, 1999).
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Several studies have shown that proteins and aalui@tb acids may influence
the pasting characteristics of starches. Hamak@Gaiffin (1993) studied the effects of
deproteinization on the pasting of starch granulHsey found that the removal of
proteins from starch caused the starch to haveegrescosity upon pasting because the
granules without the protection of proteins wereefoagile and allowed a greater
amount of water to enter the granule causing ire@awelling. An (2005) researched
the effects of added amino acids on rice starchfamad that the addition of charged
amino acids, including aspartic acid and lysinsuled in changes to the pasting
characteristics. The results from An (2005) agme#d those from Liang and King
(2003) who also found that the addition of chargedno acids effected the pasting
characteristics of rice starch, while the addibdmeutral amino acids did not effect the
pasting of the starch nearly as much as the changéab acids.

Sweet potatoes were used in this research in twdegsess the effects of
additives on the pasting properties of the swetdtpstarch. The sweet potato is an
excellent source of starch, but this starch ha ¢amgely unstudied.

The objectives of this study were 1) to deterniiveeeffect of various amino acid
additives on the pasting properties of sweet patches and 2) to investigate the
differences between the white and orange-fleshestspotato starches through the use

of RVA.

42. MATERIALSAND METHODS
4.2.1. Materials

Sweet potato starch was extracted from white-flésrel orange-fleshed
Beauregard sweet potatoes grown at the LSU resstatibn that were harvested in

October 2006. The amino acids used in this stuelgwurchased from Sigma Chemical
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Company (St. Louis, Missouri). The amino acidsduseluded one positive (Lysine),
one negative (Aspartic Acid), one neutral (Leucjraed one sulfur-containing amino
acid (Methionine). These particular amino acidsenghosen based on past research

(Liang, 2001 and An, 2005).

4.2.2 Sweet Potato Starch Extraction
See section 3.2.2. in Chapter 3.
4.2.3. Proximate Analysis
See section 3.2.3. in Chapter 3.
4.2.4. Amylose Deter mination.
See section 3.2.4. in Chapter 3.
4.2.5. Rapid Visco Analyzer Analysis
A Rapid Visco Analyzer 3D (Newport Scientific, Wivood, Australia) was
used to determine pasting properties. Samples mvade for the RVA on a 7% dry
weight starch basis, based on preliminary studys pimino acid additives on a 6% basis
of the starch (Liang, 2001). Water was addedttuia of 289 (starch, amino acid, and
water). The following formulas were used to dete@erthe amount of starch:
(7/100) = (x/28) x= 1.969 dry starch
100g- moisture content= theoretical dry starch Wweig
1.96/ theoretical dry starch weight= grams of watch
grams of wet starch x 6% = grams of amino acid
28- (starch + amino acid)= grams of water
The actual moisture content of the starch was oheted by using a moisture analyzer.
The combined water, starch and amino acids weredrseveral times to ensure proper

combination of the water and starch. The sampkethvan placed into the RVA, which
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was programmed using the thirteen-minute methdshaf et al. (2004), which is specific
to sweet potatoes. The procedure started by hottimgtarch for 1 minute at 50°C then
the mixture was heated to 95°C at a ramp of 12°Qutej the starch was then held at
95°C for 2.5 minutes, and was cooled to 50°C a€1&linute. Throughout the process,
the rotating speed of the RVA was kept constad6trpm. The following table
illustrates the procedure used:

Table 4.1. RVA Procedure.

Process Time (minutes)
Hold 50°C 1:00
Ramp 12°/min from 50-95°C 4:45
Hold at 95°C 7:15
Ramp 12°/min from 95-50°C 11:00
Hold 50°C 13:00

The measurements for time, temperature, and vigoesire collected and analyzed. The
RVA measured several points including: peak viggd$§tV), minimum viscosity (MV),
final viscosity (FV), time to peak (Ptime), and pag temperature (PT). Total setback
(TSB) and breakdown (BD) were calculated usingftineulas: FV-MV= TSB and PV-
MV=BD. All samples were analyzed in triplicat€he gelatinized samples were then
freeze dried and stored in air tight containersufge in the resistant starch and x-ray
diffraction procedures in the following chapters.
4.2.6. Statistical Analysis

SAS (Statistical Analysis System) software (ver€8dd) was used to analyze the
RVA data. Standard deviation, ANOVA (Analysis ciNance), and Tukey’s
Studentized Range (HSD) were used to examine thetgfof the amino acid additives
on the white and orange sweet potato starchesper0d5 level. The abbreviations

used were White for the white-flesh sweet potatocst, Orange for the orange-flesh

41



sweet potato starch, NOAA for no amino acid addaivASPA for aspartic acid, LEU for
leucine, LYS for lysine, METH for methionine, P foeak viscosity, T1 for minimum
viscosity, BD for breakdown, FV for final viscosjtgB for total setback, Ptime for time

to peak, and PT for pasting temperature.

4.3. RESULTSAND DISCUSSION

4.3.1. Effects of Amino Acid Additiveson the Pasting Characteristics of Orange-
Fleshed Sweet Potato Starch

Four different amino acids were added to the ordleghed sweet potato starch
in order to determine whether they would affectyhsting characteristics of the starch
(Table 4.2, Figure 4.1). Aspartic acid and lysithe, two charged amino acids used, had
the greatest effect on pasting overall. This temgieed with the results obtained by
Liang and King (2003) and An (2005), who found tthegt use of charged amino acids on
rice starch caused a greater effect on pastingcterstics as compared to neutral amino
acids. In this study, aspartic acid, a negatieblgrged amino acid, decreased the peak
viscosity (PV) of the control by 19.23 RVU, decredshe minimum viscosity (MV) by
37.86 RVU, and increased the breakdown (BD) by4A&@U as compared to the no
amino acid control. Aspartic acid also decreakedinal viscosity (FV) by 52.64 RVU,
decreased the total setback (TS) by 14.78 RVU |rardased the pasting time (Ptime) by
0.05 minutes as compared to the control withounanacids (Table 4.2, Figure 4.1). The
results for the effects of aspartic acid on swesdho starch agree with those results from
Liang and King (2003). The increased breakdowtheforange-fleshed sweet potato
starch with added aspartic acid signifies a deere@athe cooking stability of the starch
(Bean, 1986). Total setback has been correlatddtive potential for retrogradation in

starches, and a lowering of the total setback couden that there is less chance for
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retrogradation (Qian and Kuhn, 1999). This de@eaashe retrogradation of the starch
upon cooling may make the starch more suitable$erin some products, such as bakery
goods, that could be negatively affected by staling

An (2005) also found that the addition of aspaaticl on a 6% dry starch basis to
rice starch caused similar effects as those se#msistudy. The positively charged
amino acid, lysine, caused a decrease in PV ofl3R\U, a decrease in MV of 24.36
RVU, and a decrease in BD of 8.87 RVU as comparedd no amino acid control
(Table 4.2, Figure 4.1). Lysine also caused aa#se in FV of 21.62 RVU, an increase
in Ptime of 0.09 minutes, and an increase in pgsémperature (PT) of 1.74°C as
compared to the control without amino acids. Teeaase in the pasting temperature of
the starch with added lysine shows that the stgrahules will begin to swell at a higher
temperature than the control starch, possibly cgusislightly longer cooking time. The
decrease in the breakdown of the starch signifiasthe paste will be more stable to
shear during cooking (Bean, 1986). The other tmma acids, leucine and methionine,
both neutral in charge, showed little or no paspngperty changes on the orange-fleshed
sweet potato starch compared to the control (Ta4l@de The leucine did increase the
Ptime by 0.04 minutes, but methionine did not slamwy statistically significant increases
or decreases in any of the pasting characteristics.

Table 4.2. Effects of amino acid additives on thstmg characteristics of orange-fleshed
sweet potato starth

No Amino Aspartic Acid Leucine Lysine Methionine
Acid
Peak Viscosity | 223.67+2.7Q | 204.44+2.29 | 220.36+ 1.79 | 190.36+ 0.54 | 220.69+ 0.7¢
(RVU)
Minimum 126.19+£ 0.86 | 88.33£0.00 | 128.69+ 0.4% | 101.83+ 4.2 | 128.92+ 1.95
Viscosity (RVU)
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(Table 4.2. continued)

Breakdown 97.47+1.8p% | 116.11+2.29 | 91.67/+1.79. | 88.53+4.4¢ | 91.78+ 1.5},
Finza(IR\Yi;Jc)osity 172.31+3.15 | 119.67+0.96 | 179.81+ 3.08 | 150.69+ 2.8¢ | 180.14+ 3.94
Tot(aFr\éLeJBback 46.11+2.36 | 31.33+0.96 | 51.11+2.79 | 48.86+x1.72 | 51.22+2.6%
Paé?r\{gu')l'ime 4.41+ 0.02 4.46+ 0.0Q 4.45+ 0.03 4.50+ 0.0Q 4.44+ 0.03c

P(c’r;lnsltrl?lg 73.18+ 0.2 | 73.50+£0.39 | 73.08+0.29. | 74.92+0.1% | 72.72+0.03

Temperature (°C

IMeans with the same letter in each row are notifsigntly different at p>0.05.

4.3.2. Effects of Amino Acid Additives on the Pasting Char acteristics of White-
Fleshed Sweet Potato Starch

The white-fleshed sweet potato starch respondéelrdiftly to the added amino

acids than did the orange-fleshed sweet potatotstaike the orange-fleshed sweet

potato, however, the charged amino acids causegréagest effects, but the neutral acids

also affected the white-fleshed sweet potato st@rable 4.3, Figure 4.2). The greater

effects of the charged amino acids than thoseeh#utral amino acids were also seen by

Liang and King (2003) and An (2005) on rice stasch&he added aspartic acid caused a

decrease in PV of 41.94 RVU, a decrease in MV a25®RVU, an increase in

breakdown of 8.31 RVU compared to control withouir@o acids. A decrease in FV of

70.17 RVU, a decrease in TS of 19.91 RVU, a deeraaPtime of 0.13 minutes, and an

increase in PT of 0.65°C were also seen with aspacid compared to the control

without amino acids. The decrease in pasting gisgghows that this starch was

modified into a thinner pasting starch. The deseeat both the pasting time and the

minimum viscosity for this starch could translat&ia faster cooking time and a product

that is easier to cook (Liang and King, 2003). Trwease in breakdown shows that the

starch may be less stable during cooking than i@santrol starch without amino acids

(Bean, 1986).
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Figure 4.1. Effects of amino acid additives onplasting characteristics of orange-fleshed sweettpatarch.
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When lysine was added to the white-fleshed swettpastarch, a decrease in PV
of 29 RVU was observed, as well as a decrease irohM28.27 RVU, a decrease in FV of
28.17 RVU, and an increase in PT of 1.86°C. Liand King (2003) found that charged
amino acids added to rice starch had the abiliyeafeasing the cooking stability of the
starch as well as lowering the tendency for reeadgtion. Our study showed that the
positively charged lysine had no effect on the coglstability of the starch as seen
through the breakdown. For the possibility of sgtadation, lysine, again, had no effect
on the total setback of the starch, but aspariit @dded to the starch did decrease the
starch’s total setback and its chance for retragfiad. The neutral leucine also caused
several changes in the pasting characteristidseoivhite-fleshed sweet potato starch
compared to the control without amino acids, inclgdlecreases in PV (14.08 RVU),
MV (5.8 RVU), BD (8.28 RVU), and an increase in 85563 RVU). The starch with
added leucine showed a decrease in the breakdoakingnit possibly more stable
during cooking, but also showed an increase indtad setback, which correlates to an
increase in the potential for retrogradation (Be#86). Methionine also caused a
couple changes in pasting characteristics compgartte control with a decrease in PV
of 12.55 RVU and a decrease in FV of 5.63 RVU. @fiects caused by leucine and

methionine, however, were not as large as thossechloy the two charged amino acids.

Table 4.3. Effects of amino acid additives on thetmg properties of white-fleshed
sweet potato starth

Acid

Peak

No Amino | Aspartic Acid Leucine Lysine Methionine

Viscosity | 221.44+ 1.34 | 179.50+4.14 | 207.36+ 3.3} | 192.44+ 4.63 | 208.89+ 1.4¢

(RVU)
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(Table 4.3. continued)

Minimum
Viscosity
(RVU)

138.69+ 0.78

88.44+ 0.76

132.89+ 1.88

110.42+ 3.92

133.42+ 0.85;,

Breakdown
(RVU)

82.75+ 1.84

91.06+ 3.42

74.47+1.88

82.03+ 5.13

75.47+ 0.79

Final
Viscosity
(RVU)

189.92+ 0.38

119.75+ 1.64

189.64+ 1.79

161.75+ 1.7

184.06% 0.4

Total
Setback
(RVU)

51.22+ 1.1}

31.31+ 0.86

56.75+ 1.3@

51.33+ 2.3p

50.64+ 0.43

Pasting
Time (min)

4.55+ 0.03

4.42+ 0.04

4.51+ 0.04

4.51+ 0.03

4.51+ 0.04

Pasting
Temperatur

e (°C)

79.62+ 0.26

80.27+ 0.0@

79.42+ 0.03

81.48+ 0.0@

79.45+ 0.0%

Means with the same letter in each row are notifsigmtly different at p>0.05.

4.3.3. Comparison of Pasting Characteristics of White-Fleshed and Orange-Fleshed
Sweet Potato Star ch.

When the orange-fleshed and white-fleshed sweet@starches were directly

compared, the only pasting parameter that wasiffeteht between the two types of

sweet potato starch without amino acids was pesdosity. The similar measure of peak

viscosity shows that the two starches could havélai thickness during cooking. All

other characteristics measured, MV, BD, FV, TSnetiand PT, were significantly

different at a p value of 0.05 (Table 4.4, Figure 4.3). The orange-fleshweedet potato

starch had a lower minimum viscosity (12.5 RVU)yér pasting time (0.14min), and a

lower pasting temperature (6.44°C). These threeadteristics work synergistically to

make the starch easier to cook, than the whitérél@sweet potato starch, which had

higher MV, Ptime, and PT (Bean, 1986). The whigstied sweet potato starch had a

lower breakdown by 14.72 RVU, which shows that gtéch is more stable during

cooking than the orange-fleshed starch. The wietked sweet potato starch also had a
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higher setback than the orange-fleshed sweet pstatch. This characteristic has been
found to correlate with the potential for retrogaidn, so the white-fleshed sweet potato
starch would be more susceptible to retrograddtian the orange-fleshed starch.

A possible explanation for the differences betwenpasting characteristics of
the white and orange-fleshed sweet potato stahdd be the large difference in
amylose content. The white-fleshed sweet potati@istcontains 14.4% amylose, while
the orange-fleshed starch only contains 4.6% amyld$ie amount of amylose present in
a starch has been negatively correlated with bi@akdand positively correlated with
pasting temperature and setback (Juliano et @4 48d Noda et al., 2003). These
correlations could explain why the white-fleshedstpotato starch has a lower
breakdown, and higher pasting temperature and¢etbhck than the orange-sweet
potato starch.

The addition of amino acids to the white-fleshed arange-fleshed sweet potato
starches did change their pasting characteridatioaship. For the peak viscosity, the
addition of lysine reduced both the white-fleshad arange-fleshed starches by 9 and
13.3RVU, respectively. These changes, howevemaigroduce any statistical
differences between the two starches. The additideucine, aspartic acid, and
methionine did cause a significant difference | peak viscosity between the orange-
fleshed and white-fleshed sweet potato starchég nfinimum viscosity was unchanged
for both starches with the addition of leucine amethionine. Aspartic acid and lysine
lowered the pasting characteristics of minimum essty, total setback, and pasting time
of both starches to a point where no significaffedence was seen between the two
starches in those pasting parameters. The additiucine and methionine caused a

decrease to the breakdown of both the white-flestimedorange-fleshed starches,
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Figure 4.2. Effects of amino acid additives onplasting characteristics of white-fleshed sweettpattarch.
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Table 4.4. Comparing pasting properties of orangghed and white-fleshed sweet
potato starches with added amino atids

Peak Viscosity (RVU)
No Amino Aspartic Acid Leucine Lysine Methionine
Acid
Orange-fleshed | 223.67+2.7Q | 204.44+ 2.29 | 220.36+ 1.79 | 190.36+ 0.54 | 220.69+ 0.74
sweet potato starch
White-fleshed | 221.44+1.34 | 179.50+ 4.1 | 207.36+ 3.31 | 192.44+ 4.63 | 208.89+ 1.4y
sweet potato starch
Minimum Viscosity (RVU)
No Amino Aspartic Acid Leucine Lysine Methionine
Acid
Orange-fleshed | 126.19+ 0.86 | 88.33+0.0Q | 128.69+ 0.46 | 101.83+4.26 | 128.92+ 1.9%
sweet potato starch
White-fleshed | 138.69+ 0.7 | 88.44+0.7¢ | 132.89+ 1.88 | 110.42+ 3.92 | 133.42+ 0.8
sweet potato starch
Breakdown (RVU)
No Amino Aspartic Acid Leucine Lysine Methionine
Acid
Orange-fleshed | 97.47+1.85 | 116.11+2.29| 91.67+1.79 | 88.53+4.4% | 91.78+ 1.5}
sweet potato starch
White-fleshed 82.75+1.84 | 91.06+3.43 | 74.47+1.88 | 82.03+5.13 | 75.47+0.79
sweet potato starch
Final Viscosity (RVU)
No Amino Aspartic Acid Leucine Lysine Methionine
Acid
Orange-fleshed | 172.31+ 3.15 | 119.67+ 0.96 | 179.81+ 3.08 | 150.69+ 2.82 | 180.14+ 3.94
sweet potato starch
White-fleshed | 189.92+ 0.38 | 119.75+1.61 | 189.64+ 1.79 | 161.75+ 1.75 | 184.06+ 0.42
sweet potato starch
Total Setback (RVU)
No Amino Aspartic Acid Leucine Lysine Methionine
Acid
Orange-fleshed | 46.11+2.36 | 31.33+0.96 | 51.11+2.79 | 48.86+1.72 | 51.22+ 2.65
sweet potato starch
White-fleshed 51.22+1.13} | 31.31+0.86 | 56.75+1.36 | 51.33+2.35 | 50.64+0.43
sweet potato starch
Pasting Time (min)
No Amino Aspartic Acid Leucine Lysine Methionine
Acid
Orange-fleshed 4.41+ 0.02 4.46+ 0.0Q 4.45+ 0.02 4.50+ 0.0Q 4.44+ 0.02
sweet potato starch
White-fleshed 4.55+ 0.02 4.42+ 0.04 4.51+ 0.04 451+ 0.02 4.51+ 0.04

sweet potato starc

h
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(Table 4.4. continued)

Pasting Temperature(°C)

Acid

Orange-fleshed | 73.18+0.26 | 73.50+0.3Q | 73.08£0.29 | 74.92+0.15 | 72.72+0.03
sweet potato starch

White-fleshed
sweet potato starch

'For each parameter, means with the same lettexrcim @lumn are not significantly
different at p>0.05.

resulting in a significant difference, while lysidecreased the orange-fleshed sweet
potato starch breakdown but did not affect the evfligshed starch. The addition of
lysine minimized the original differences betweke two starches, resulting in no
difference in all of the pasting parameters exéepthe final viscosity and pasting
temperature. The addition of aspartic acid anchimarine changed the orange-fleshed
sweet potato starch final viscosity so that theas wo difference in final viscosity left
between the two starches. For the total setbatkeo$tarches, the addition of lysine and
aspartic acid served to eliminate the originaled#hces in the total setback between the
two starches. The same was also true for thengasine, but for this parameter all four
amino acids, aspartic acid, lysine, leucine anchroatne, removed the original
differences that existed between the two typesasth. In considering the pasting
temperature, all of the amino acids had minimad@# on the orange-fleshed and white-
fleshed sweet potato starches; however, these ebamgre not great enough to alter the
original difference between the two starches.

4.4. CONCLUSION

This study showed that both positive and negaimeo acids have greater

effects on the pasting properties of both whitsHled and orange-fleshed sweet potato

51

No Amino Aspartic Acid Leucine Lysine Methionine
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Figure 4.3. RVA analysis of white-fleshed and orfigshed sweet potato starch

without added amino acids.
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Figure 4.4. RVA analysis of white-fleshed and oexfigshed sweet potato starch with

aspartic acid.
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Figure 4.5. RVA analysis of white-fleshed and oexfigshed sweet potato starch with
leucine.
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Figure 4.7. RVA analysis of white-fleshed and oexfigshed sweet potato starch with
methionine.

starch than did the neutral amino acids. The &sparid made a starch that was less
stable during cooking and had a lower potentiakédrogradation in the white and
orange-fleshed sweet potato starches. Lysine gimtange-fleshed sweet potato starch,
decreased the breakdown, making a starch thatre masistant to shear during cooking.
The lysine, however, did not affect the setbac&ither of the starches or the breakdown
in the white-sweet potato starch.

The white-fleshed and orange-fleshed sweet pstatches were found to be
profoundly different in all of the pasting characdcs except for peak viscosity where
no difference was observed. The orange-flesheétspaato starch was found to be
easier to cook and had a lower possibility of rgtaolation, but had a higher breakdown

which makes it less stable during cooking thanvthae-fleshed sweet potato starch.
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CHAPTER S

EFFECTS OF AMINO ACID ADDITIVESON THE FORMATION OF
RESISTANT STARCH

5.1. INTRODUCTION

Starch can be classified into three groups: ragidigstible starch (RDS), slowly
digestible starch (SDS), and resistant starch (RBgse groups are differentiated based
on the time it takes each to be digested by enzgrhgtirolysis of pancreatic amylase
and amyloglucosidase at 37°C. The RDS is digestttin 20 minutes, while the SDS is
only digested within 120 minutes of incubation.€TRS is the starch left over after the
120-minute incubation period (Englyst et al., 1992)

The resistant starch can also be broken down ratdiébns. Four distinct
fractions of RS exist: RS1, RS2, RS3, and RS4. iRSflarch that cannot be digested
because it is physically inaccessible to the digestnzymes. This includes partly milled
grains and seeds and also dense starchy foods.typa of RS is heat stable during
cooking, which lends itself to be very useful iwiae array of foods. RS2 is starch in
certain granular forms that are inaccessible testign. The compact structure of the
granules makes it impossible for the enzymes toptetaly break down the starch.
Ungelatinized starch is an example of RS2. R3Basnost resistant of the resistant
starch fractions to digestion by enzymes and iswéat upon cooling after gelatinization
is complete. This starch is formed from the reaisgion (retrogradation) of amylose
molecules in the starch after they have leachedfilte starch granule during the
gelatinization process. Finally, RS4 is starch thaesistant to digestion because of the
formation of novel chemical bonds other tha(il-4) ando-(1-6) linkages that were
formed within the molecules. This fraction of stant starch is formed through chemical

treatments (Sajilata et al., 2006).
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Several methods exist to determine the overall ainotresistant starch within
starch samples. These include the Megazyme mé&MAC method 2002.02), a
method proposed by Champ et al. (2003), a methdgosy (1986), and another method
developed by Saura-Calixto et al. (1993). The Mggee method centers on enzymatic
digestion at 37°C. This method has been show tihdd most reproducible and
repeatable. This method, however, does not septratesistant starch that is quantified
into fractions, only one total percentage of resisstarch is determined (Sajilata et al.,
2006).

Much research has centered around the modificafioesistant starch contents of
various starches. Some of the methods employd@lpacid hydrolysis, heat-moisture
treatments, and the addition of amino acids (Shal.e2004 and An, 2005). An (2005)
studied the effects of amino acid additives toaasirice starch samples. An (2005)
found that none of the amino acids tested infludrthe percentage of resistant starch,
that had been measured at a level of 5.37% in reatetd rice starch. However, she did
find that on rice starch treated with ozone or @tyghe amino acids did change the total
amount of resistant starch. The level of resisttanich either increased or decreased
depending on the amino acid used (An, 2005).

Sweet potatoes were used in this research bedaeisgveet potato is an excellent
source of starch, but the resistant starch conserdanodifications thereof have not been
well researched to date.

The objective of this research was to study thect$fof the addition of certain
amino acids on the amount of resistant starch imeAfleshed and orange-fleshed sweet

potato starch.
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5.2. MATERIALSAND METHODS
5.2.1. Materials

Sweet potato starch was extracted from white aadgw-fleshed Beauregard
sweet potatoes grown at the LSU AgCenter resedatios that were harvested in
October of 2006. The amino acids used in thisystuere purchased from Sigma
Chemical Company (St. Louis, Missouri). The amacals used included one positive
(Lysine), one negative (Aspartic Acid), one neutaucine), and one sulfur-containing
amino acid (Methionine). These particular aminisevere chosen based on past
research (Liang, 2001 and An, 2005).
5.2.2. Sweset Potato Starch Extraction
See Chapter 3 for details on the starch extragronedures.

5.2.3. Resistant Starch Deter mination Procedure

To determine resistant starch content in each sathplMegazyme procedure
(Megazyme International Ireland Limited, Bray, &etl) was used. This method is an
approved AOAC method (method 2002.02) and alsqpanoaed AACC method
(method 32-40). The samples used had been préyigelatinized in the presence of
amino acids on a 6% dry starch weight basis irRWA (see Chapter 4) and were
subsequently freeze dried, ground with a mortargesile, and kept at room temperature
in hermetically sealed containers. A 100 mg samale weighed into a screw cap tube,
and gently tapped to ensure that the entire safapl® the bottom. Four mL of
pancreatiai-amylase (Pancreatin, 10g, 3 Ceralpha Units/mgnh@ifL) containing
amyloglucosidase (AMG) (3U/mL) was then added. s were tightly capped and
then mixed on a vortex mixer and attached horidlyntaa shaking water bath. The
tubes were incubated at 37°C with continuous shpkinexactly 16 hours. Then the
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tubes were removed from the water bath and a gapel was used to remove excess
surface water. The tube caps were removed ancbtiitents treated with 4.0mL of
ethanol (99%) with stirring on a vortex mixer. Tiades were centrifuged at 15009
(approx. 3000rpm) for 10 minutes non-capped. Afleynatants were decanted and the
pellets were re-suspended in 2mL of 50% ethandi stitring on a vortex mixer. A
further 6mL of 50% of ethanol was added, the tubee mixed and centrifuged again at
1500g for 10 minutes. The supernatants were dedamtd then the suspension and
centrifugation steps were repeated once more.stlipernatants were carefully decanted
and the tubes inverted on absorbent paper to draiess liquid. A magnetic stirrer bar
and 2mL of 2M KOH were added to each tube and éllets were re-suspended by
stirring for approximately 20 minutes in an ice/ardbath over a magnetic stirrer. Eight
mL of 1.2M sodium acetate buffer (pH 3.8) were atitteeach tube with stirring on the
magnetic stirrer. Immediately, 0.1mL of AMG (300tl) was added and mixed well.
The tubes were then placed in a water bath at 501@. tubes were incubated for 30
minutes with intermittent mixing on a vortex mixdfor samples containing <10%
resistant starch, the tubes were then directlyridegéd at 15009 for 10 minutes. For
samples containing >10% resistant starch, the otstd the tubes were transferred to a
100mL volumetric flask with the use of a water wasitle. The contents of the flask
was adjusted to 100mL with distilled water and rdixeell. An aliquot of this diluted
sample was then centrifuged at 15009 for 10 minu@e$ mL aliquots of either the
diluted or undiluted supernatants were transfeimgmiglass test tubes, treated with
3.0mL of Glucose Determination Reagent (GOPOD)iandbated at 50°C for 20

minutes. A reagent blank was made by mixing 0.1MQ ®M sodium acetate buffer (pH
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4.5) and 3.0mL of GOPOD reagent. The absorbaneadf solution was measured at
510nm against the reagent blank.
The calculations for the percent of resistant stavere performed as follows:
Samples containing > 10 % resistant starch:
=AE x F x 100/0.1 x 1/1000 x 100/W x 162/180
=AE x F/W x 90
Samples containing < 10% resistant starch:
=AE x F x 10.3/0.1 x 1/1000 x 100/W x 162/180
=AE x F/W x 9.27
Where:
AE= absorbance read against reagent blank
F= conversion from absorbance to micrograms (tiserace obtained for 1Q@
of glucose in the GOPOD reaction is determinedftdOug of glucose divided
by the GOPOD absorbace for this 1§0f glucose)
100/0.1= volume correction (0.1 mL taken from 10QmL
1/1000= conversion from micrograms to milligrams
W= dry weight of sample analyzed
100/W= factor to present RS as a percentage of lsanegght

162/180= factor to convert from free glucose, demeined, to anhydro-glucose
as occurs in starch

10.3/0.1= volume correction (0.1mL taken from 10 3rfor samples containing
0-10% RS where the incubation solution is not diduand the final volume is
about 10.3mL

5.2.4. Statistical Analysis
SAS (Statistical Analysis System) software (venrs3c0) was used to analyze the

DSC data. Standard deviation, ANOVA (Analysis @rhnce), and Tukey’s

Studentized Range (HSD) were used to examine thetgfof the amino acid additives
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on the formation of resistant starch of the whiésthied and orange-fleshed sweet potato
starches, on a0.05 level. The abbreviations used were WhitdHerwhite-flesh sweet
potato starch, Orange for the orange-flesh sweat@atarch, NOAA for no amino acid
additives, AA for aspartic acid, LEU for leucineY & for lysine, METH for methionine.
5.3. RESULTSAND DISCUSSION

The ungelatinized, native white-fleshed and orafteghed sweet potato starches
had significant amounts of resistant starch, 38d@20.7% respectively (Table 5.1).
These two values were significantly different frome another, with the white-fleshed
sweet potato starch containing much more resistanth than the orange-fleshed starch.
When the starches were gelatinized, through thetiadRapid Visco Analyzer, the
amount of resistant starch decreased dramaticabpth the white-fleshed and orange-
fleshed sweet potato starches. The resistanthstarttent of the white-fleshed sweet
potato starch fell from 39.8% in the ungelatiniztarch to 8.26% in the gelatinized
starch. The resistant starch content of the oramgeet potato starch decreased from
20.6% to 4.8% in the native starch to the gelagidigtarch, respectively. Although a
significant portion of resistant starch is elimedthrough the gelatinization process, not
many foods include ungelatinized starch (Annisoth &opping, 1994). Any cooking
process will completely gelatinize a starch, makimg preservation of the high level of
pregelatinized resistant starch rather improbaiieen a starch is heated and gelatinized,
the crystalline structure of the starch granuleissupted resulting in a loss of the natural
resistant starch that is normally present. Theidignce of the crystalline structure
changes the way in which the starch is procedsarody, allowing for a greater degree
of absorbance of the starch granules (Annison agifg, 1994). Shin et al. (2004)

found that the resistant starch content for galegthand cooled sweet potato starch was
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5.4%. The resistant starch content was measuierg e enzymatic-gravimetric AOAC

method for the determination of insoluble dietabef with slight modifications in order

to isolate resistant starch. This result comp&resrably with the amount of resistant

starch found in our gelatinized orange-fleshed $wetato starch.

Table 5.1. Effects of amino acid additives on & stant starch content of orange-

fleshed and white-fleshed sweet potatdéReported as a percentage (%) of total starch.

Starch Nativek No Amino | Aspartic Acid Leucine Lysine Methionin
Starch Acid

Orange-fleshed

Sweet Potato | 20.65+| 4.78+ 0.5%, | 5.01+ 0.56,, | 3.92+ 0.58, | 5.74+ 0.46, | 5.57+ 0.35,
Starch 1.7

White-fleshed

Sweet Potato | 39.82+| 8.26+ 0.48, | 8.42+0.64, | 8.91+0.36, | 8.26+ 0.78, | 6.81+0.26,
Starch 2.7

'All non-native starches are gelatinized starches.
“Means with the same subscript letter in each ra@nat significantly different at
p>0.05. These values compare the amino acid additwithin the same starch.

3 Means with the same superscript letter in eactinenlare not significantly different at
p>0.05. These values compare the amino acid addibetween the two starch types.

The gelatinized starch samples with no amino aattited were significantly

different on a §0.05 level. The differences in the amounts oftast starch in the

gelatinized without amino acid additive treated t@tleshed and orange-fleshed sweet

potato starches may be due to the difference iatmgose content of the two starches.

The amylose content of the white-fleshed sweettpatiarch (Chapter 3, Table 3.1) was

significantly higher than that of the orange-fledlsaveet potato starch. The amylose

contents were 14.4% for the white-fleshed stardhlenonly 4.6% for the orange-fleshed

sweet potato starch. Amylose is the main compoogstiort-term retrogradation, and

retrograded starch is one type of resistant sttanohd after a heating and cooling cycle

(Sajilata et al.,

2006).
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The addition of amino acids to the gelatinized gexsweet potato starch served
to both increase and decrease the amount of nesggtach, or had no effect, depending
on the amino acid used. The addition of the padificharged lysine caused a significant
increase in the amount of resistant starch whéeatifdition of the neutral leucine caused
a significant decrease in the resistant starch eoeapto the control without amino acids.
Aspartic acid and methionine had no effect on #xeg@ntage of resistant starch in the
orange-fleshed sweet potato starch. An (2005)esdiutie effects of amino acid additives
on the resistant starch content of rice starcle f8nd that none of the amino acids
used, aspartic acid, leucine, and lysine, signitigaaffected the percentage of resistant
starch in the rice starch samples without furthesttmnent. However, An (2005) did find
that the addition of leucine to rice white starsblate caused a significant decrease in the
amount of resistant starch. In the white-fleshedet potato starch, the addition of
amino acids mostly did not affect the amount ofstest starch. Methionine was the
only amino acid that had any effect on the pergmntd resistant starch in the white-
fleshed sweet potato starch, where a significaotedse in the resistant starch was found.
5.4. CONCLUSION

This study showed that the gelatinization of baetite-fleshed and orange-
fleshed sweet potato starches results in a magedse in the amount of resistant starch,
and that the white-fleshed sweet potato starchatomsignificantly more resistant starch
than the orange-fleshed sweet potato starch inthetlgelatinized and ungelatinized
forms. Also the addition of the amino acid, aspatid had no overall effect on the
resistant starch content in either of the two swegato starches tested. The addition of
lysine served to significantly increase the resisstiarch content of the orange-fleshed

sweet potato starch, which may serve to make spaato starch containing foods
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healthier. However, the addition of leucine to ¢tinenge-fleshed sweet potato starch
decreased the amount of resistant starch pre3ét.addition of methionine to the
white-fleshed sweet potato starch also decreasedritfount of resistant starch, making

both of these combinations unfavorable.
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CHAPTER 6
EFFECTSOF AMINO ACID ADDITIVESON THE CRYSTALLINITY OF
WHITE AND ORANGE-FLESHED SWEET POTATO STARCH USING X-RAY
DIFFRACTION (XRD)
6.1. INTRODUCTION

The starch granule consists of both amorphouscerstalline regions (Zobel,
1988b). Native starches are said to have betwBamd 45% crystalline material. The
crystallinity of a granule is determined by theaemttof helical structures formed from the
association of amylopectin molecules. The crygtalcture of the starch granules can be
observed through X-Ray Diffraction (XRD) (Yadavakt 2004). The crystal structure
and pattern of crystallinity of starches is chagastic of the plant source from which
they were obtained (Englyst et al., 1992). Theeefa B, C, and V types. The A-type
pattern results from monoclinic cells, while theype pattern is caused by two double
helices within the starch granules. The C-typégpatis a combination of the A and the
B patterns. The A-type patterns are generallyndgghas patterns for cereal starches,
including maize, rice and wheat. The B patternsoften found in tubers, while the C
patterns of starch are typical to legumes, roatd,some seed starches. The V-type
pattern results from amylose-lipid complexes wittina starch granules (Zobel, 1988b).

The four types of X-ray diffraction pattern havaraque set of peaks that are
characteristic to each specific type. The A-typtgrns have three peaks, 5.8, 5.2, and
3.8 Angstroms (A), each of these peaks are relgtsteong in intensity. The B-type
patterns can be distinguished by a peak betweéhall 16.0A, one at 5.9A that is
medium in intensity, a strong peak at 5.2A, anadabiet consisting of 4.0 and 3.7A with

medium intensity. The C-type pattern mimics thHahe A-type pattern, but with the
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addition of a fairly strong peak at 16.0A. Thewpe¢ pattern shows the amylose-lipid
complex with peaks at 12, 6.8, and 4.4A (Zobel,8E28

B and C-type patterns tend to be more resistapancreatic amylase and,
therefore, more resistant to digestion within tbdy(Englyst et al., 1992). V-type
patterns have been correlated with the stalingedd and retrogradation of a gelatinized
starch, but the B-pattern has also been suggesteeélirag the crystalline pattern for
retrogradation. This occurs when the amylosehbdtpreviously leached out of the
starch granules during gelatiniztion, reassocittdsrm tight knit groups (Dragsdorf and
Varriano-Marston, 1980, and Annison and Toppin@®@4)9 Mahadevamma and
Tharanathan (2006) found that the x-ray diffractpattern of rice changed from an A-
type pattern in the native starch to a V-type patédter gelatinization due to the
disruption of the crystalline patterns during hegti Their results were based on the
XRD pattern of several processed rice productsitiol parboiled rice, puffed rice, and
rice flakes.

Modifications of the XRD patterns of starches hbeen performed through heat
moisture treatments, differences in growth tempeeadf sweet potatoes, various
gelatinization temperatures, and the addition @$ide materials such as amino acids
(Genkina et al., 2003, Kitahara et al., 2005, A0Q02, and Liang and King, 2003). All of
these factors can influence the types of XRD pasgtef starches. The addition of amino
acids resulted in various effects on the XRD pattdirice starches. An (2005) studied
the effect of lysine on rice starch and found thatlysine changed the crystalline
structure from an A to a A+B pattern and enhanbedterall crystallinity. Liang and
King (2003) added aspartic acid, gutamic acid ngsarginine, leucine, and alanine to

rice starch to test the effects of these aminosagidthe crystalline properties of the

65



starch. They found that, overall, the additiorthef amino acids caused an increase in the
V-type pattern of crystallinity and some of the amacids caused in increase in the
crystallinity of the starch (Liang and King, 2003).

Sweet potatoes were studied in order to assesh#mges in crystallinity due to
gelatinization. Also, the addition of amino acidghe sweet potato starch has not been
well researched.

The objectives of this study were 1) to compaeevthite-fleshed and orange-
fleshed sweet potato starch XRD profiles and Zseess the influence of amino acid
additives on the crystallinity of the two sweetatotstarches.

6.2. MATERIALSAND METHODS
6.2.1. Materials

Sweet potato starch was extracted from white-flésrel orange-fleshed
Beauregard sweet potatoes grown at the LSU AgCesdearch station that were
harvested in October of 2006. The amino acids us#ds study were purchased from
Sigma Chemical Company (St. Louis, Missouri). @h@no acids used included one
positive (Lysine), one negative (Aspartic Acid)eameutral (Leucine), and one sulfur-
containing amino acid (Methionine). These parac@mino acids were chosen based on
past research (Liang, 2001 and An, 2005).

6.2.2. Sweet Potato Star ch Extraction
See Chapter 3 for details on the procedure foclstextraction.
6.2.3. X-ray Diffraction Analysis

The starch samples used were both gelatinized agelatinized. Both white-

fleshed and orange-fleshed native sweet potatolssamples were tested. The rest of

the samples were from the starch gels collectest Biapid Visco Analysis (see Chapter
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4). These samples had already been pasted indbente of 6% amino acids and
cooled. They were then freeze dried and grourmarggowder with a mortar and pestle.
The starch samples were placed in a desiccatoctimadined a saturated sodium
chloride solution and had a 75% relative humidhn,(2005). The samples were stored
overnight. One gram of gelatinized freeze-drietiglas was placed in a 10x25mm pellet
and hermetically sealed with a hydraulic presse Xkray diffraction patterns were
obtained using a Siemens D5000 X-ray diffractiastruiment set with conditions of
40KV, 30mA, and with a scanning angle df 2et from 2° to 36° at a scanning rate of
0.6°/minute. Relative crystallinity (RC) of theasth was determined by the method of
Hermans and Weidinger (1948), as described by Blaah(1978), i.e., the area of the
crystalline fraction (ac) is divided by the difftaon area for a 100% crystalline substance
(Ac). In this study, the area of the crystallingction in raw starch XRD pattern was
used as the value of Ac (Dragsdorf and Varrianostter, 1980). X-ray patterns were
designated according to the d-spacings and intesgjiven by Zobel (1988a,b). The
diffraction patterns were then recorded and contpafbe XRD experimentation was
performed as a single analysis of each sample.
6.3. RESULTS AND DISCUSSION

6.3.1. XRD Patterns of Native White-Fleshed and Orange-Fleshed Sweet Potato
Starches

The native sweet potato starches, both the wheshéd and orange-fleshed,
showed a clear A type XRD pattern with peaks at 5.8 and 3.8A (Figure 6.1). The A
pattern in XRD is generally regarded as the pafi@rnative cereal starches (Zobel,
1988a). Moorthy (2002) reported that ungelatinizgeget potato starches do exhibit A
type patterns under XRD. The white-fleshed sweédtp starch was 34.4% more

crystalline than orange-fleshed sweet potato stdmehboth graphs were almost identical
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when it came to intensities of peaks, placemepieaks, and pattern type. The increased
relative crystallinity of the white-fleshed sweettg@to starch may be due to the fact that
the white-fleshed starch contained a much highergm¢age of resistant starch than did
the orange-fleshed sweet potato starch. The Vileis&ed starch contained 39.8%
resistant starch while the orange-fleshed sweettpastarch had only 20.6% resistant
starch in the ungelatinized, native starch forrm idcrease in crystallinity has been
associated with an increase in the amount of egdistarch present within a starch
sample (Botham et al., 1995).

6.3.2. Effects of Gelatinization on the XRD Patter ns of White-Fleshed and Orange-
Fleshed Sweet Potato Starches

After gelatinization was complete through Rapidddi\nalysis, the starch
samples changed dramatically in their crystalliatgrns and overall relative
crystallinity. The white-fleshed sweet potato skaexhibited a loss of the peaks at 5.8
and 3.8A, and a diminished peak at 5.2A, whilewa peak emerged weakly at 4.0A after
gelatinization (Figure 6.2). This new patternéstdescribed as a B type pattern,
although it is missing the characteristic B-patteeak at 16.0A. Although, retrograded
starch is sometimes seen with a V-type patterngétatinized starches in this study were
found to have patterns more consistent with B-fygigerns. Annison and Topping
(1994) reported that the normal pattern of retrdgdastarch is in the B form. The
gelatinization process caused a loss in relatiystallinity of 59.6% in the white-fleshed
sweet potato starch (Table 6.1). During gelatinraboth amylose and amylopectin
leach out of the crystal structure of the star@ngtes. Eventually, with enough heating,

the starch granules are completely disrupted dhdgart. The gelatinization process
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Figure 6.1. The XRD graph of native white-fleshed arange-fleshed sweet potato starches.
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alters the crystalline structure and relative apisiity in a negative way (Thomas and
Atwell, 1998). Liang and King (2003) found thateafgelatinization, rice starch lost
47% relative crystallinity.

Table 6.1. Relative crystallinities of native arelaginized white-fleshed and orange-
fleshed sweet potato starches.

Starch Native Gelatinized

Orange-Fleshed | 100% 76.6%
Sweet Potato Starch

White-Fleshed 100% 40.4%
Sweet Potato Starch

When the orange-fleshed sweet potato starch wasimeed, the A type pattern
of the native starch was lost (Figure 6.3). Athimwhite-fleshed sweet potato starch, the
5.8 and 3.8A peaks were lost, a new peak at 4.0\ganed and the peak at 5.2A was
also diminished. This crystalline pattern can lbestlescribed as a B-type pattern,
although it is missing the characteristic peak@0A that the B-patterns usually have.
After undergoing gelatinization, the orange-flessagtet potato starch lost 23.4%
relative crystallinity (Table 6.1).

When examined together, the gelatinized white-Beséind orange-fleshed sweet
potato starch XRD patterns are almost identicajfé 6.4). Both graphs show the same
two peaks at 5.2 and 4.0A. The gelatinized ordtegded sweet potato starch was
19.6% more crystalline than the white-fleshed svpe¢dto starch (Table 6.1). This
could be because the white-fleshed sweet potatchstantained a greater percentage of
amylose in the native form. During gelatinizatitime amylose is first to leach out of the
starch granule and could have caused a much gaterase in crystallinity in the

white-fleshed sweet potato starch granules.
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6.3.3. Effects of Amino Acid Additives on the Crystallinity of White-Fleshed and
Orange-Fleshed Sweet Potato Starches

The amino acids aspatrtic acid, leucine, lysineraethionine were added to both
the orange-fleshed and white-fleshed sweet potatotes and gelatinized prior to
assessing their effects on the crystallinity ofsthstarches. For the white-fleshed starch,
the addition of aspartic acid did not change tlystatline pattern of the gelatinized
starch, and had the effect of decreasing the dwetative crystallinity by 2.5% (Table
6.2).

Table 6.2. Relative crystallinities of the gelatei orange-fleshed and white-fleshed
sweet potato starches with added amino acids.

Starch Contro| Aspartic Acid| Leucine| Lysine | Methionine
Orange-Fleshed | 100% 85.8% 99.3% 73.7% 95.9%
Sweet Potato Starch
White-Fleshed 100% 97.5% 125.7% 145.9% 97.7%
Sweet Potato Starch

A decrease in crystallinity is an unfavorable ocence, since it could signify a
decrease in the amount of resistant starch (Bot#teah, 1995). Liang and King (2003)
found that the addition of aspartic acid to ricaeh did not affect the overall crystallinity
of the starch but did induce new peaks at 3.7 athll.3 Figure 6.6 shows the differences
in the graphs of the gelatinized white-fleshed svpe¢ato starch with no added amino
acids and that of the gelatinized white-fleshedcstavith added leucine at 6% dry weight
basis. The leucine changed the crystalline patikthe starch by decreasing the
intensity of the 5.2 and 4.0A peaks and by adding\ael peak at 16.0A. This XRD
graph, with peaks at 16.0, 5.2, and 4.0A is alBetgpe pattern. In addition, the overall
relative crystallinity was increased 25.7% (Tah)6 The addition of methionine

caused a decrease in relative crystallinity of 28 the formation of a peak at 16.0A
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(Table 6.2, Figure 6.7). When lysine was addetti¢ovhite-fleshed sweet potato starch,
an increase in the intensity of the peaks at 5d24a@A was observed, as well as the
appearance of a small peak at 16.0A (Figure 618)s pattern is still a B-type pattern.
An (2005) found that the addition of lysine at 6%g dtarch basis to rice starch induced
the formation of two peaks, 5.2 and 4.0A. Thisileagrees with the results of the
present study. The lysine also induced an increasative crystallinity of 45.9% over
the crystallinity of the gelatinized white-fleshedeet potato starch with no added amino
acids (Table 6.2). This could suggest an increasesistant starch, but the lysine did not
cause any fluctuation in the amount of total resisstarch present in the white-fleshed
sweet potato starch (Botham et al., 1995). An %2@0so found that the addition of
lysine to rice starch caused an increase in theativelative crystallinity of the starch.
When the amino acids were added to the orangketesweet potato starch, only
leucine caused any large effects on the crystallowfithe starch. The addition of aspartic
acid did not change the crystalline pattern ofstaech and decreased the relative
crystallinity by 14.2% (Table 6.2, Figure 6.9). itys and methionine, when added to the
orange-fleshed sweet potato starch caused the fiomat a small peak at 16.0A, but
decreased the relative crystallinity by 26.3 arid#l.respectively (Table 6.2, Figures
6.10 and 6.11). This decrease in relative crystglicould translate to a starch that is
more easily digestible and an overall decreaskarpercentage of resistant starch. The
addition of leucine caused a change in the cryseapattern, as well as only a slight
decrease in relative crystallinity of 0.7% (Tabl2)6 The peak at 5.2A was decreased
slightly, while a new very strong peak appearetiGa®A (Figure 6.12). This pattern is

also a B-type pattern.
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6.4. CONCLUSION

White-fleshed and orange-fleshed sweet potatolstar¢he native form, show
A-type crystalline patterns under X-ray diffractiomhe gelatinization of both white-
fleshed and orange-fleshed sweet potato starckaksén a loss of overall relative
crystallinity. Also, the addition of various amiagids can affect the overall pattern and
relative crystallinity of the two sweet potato stags. Aspartic acid did not change the
crystalline pattern of the gelatinized white-fledlo orange-fleshed sweet potato
starches, but did cause a large decrease in thalbredative crystallinity. The addition
of lysine, and methionine to the white-fleshed arahge-fleshed sweet potato starch
had similar effects including the evolution of ameeakpeak at 16.0A. Leucine, added
to the both sweet potato starches, induced thedom of a strong peak at 16.0A and
increased the relative crystallinity in the whiteshes sweet potato starch, while slightly

decreasing the relative crystallinity in the oraifiigshed sweet potato starch.
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Figure 6.5. Comparison of white-fleshed sweet posédrch with added aspartic acid to the controlgdded amino acids).
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Figure 6.6. Comparison of white-fleshed sweet posédrch with added leucine to the control (no ddalaino acids).
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Figure 6.7. Comparison of white-fleshed sweet postdrch with added methionine to the control (ddeal amino acids).
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Figure 6.9. Comparison of orange-fleshed sweettpatarch with added aspartic acid to the colitrmladded amino acid).
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Figure 6.10. Comparison of orange-fleshed sweettpatarch with added lysine to the control (noeadamino acid).
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Figure 6.11. Comparison of orange-fleshed sweettpatarch with added methionine to the controlgdded amino acid).
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CHAPTER 7
GENERAL CONCLUSIONSAND RECOMMENDATIONS

The sweet potato is a very useful crop in termthefvariety of food products that
can be made from the flesh and starch of the rébe extraction of starch could be an
outlet for much of the rejected waste cuts of svpe¢ato produced by the sweet potato
processors. This could include misshapen, smalilemnished pieces of sweet potato
that are unfit to be sold as the whole root andhoabe used in canning.

The comparison of the orange-fleshed sweet potatolsto that of the white-
fleshed starch showed many differences betweetwihastarches. The orange-fleshed
sweet potato starch exhibited a lower gelatinizatemperature than the white-fleshed
starch, but both starches needed the same amoanegy to complete gelatinization.
The white-fleshed starch had a much larger amytoséent than did the orange-fleshed
sweet potato starch; the relationship between aseytontent and retrogradation was
supported by our study using RVA. The orange-#esstarch was found to be easier to
cook with a lower potential for retrogradation s also found to be less stable to shear
during cooking than the white-fleshed sweet posééoch. The white-fleshed sweet
potato starch had more resistant starch than tregerfleshed starch in both gelatinized
and ungelatinized forms. In terms of crystallinitypth the white-fleshed and orange-
fleshed sweet potato starches exhibited an A-tgteem in their native forms with a shift
to a B-type pattern after gelatinization. The gedfleshed sweet potato starch was
found to be more crystalline after gelatinizatibar the white-fleshed starch.

Although most of the amino acids tested, did mgnifcantly increase the amount

of resistant starch in either of the white-fleslbe@range-fleshed sweet potato starches to
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produce a healthier starch, the additives did affézer characteristics of the starches that
could make the starches more suitable for cookmppaocessing. Lysine was the only
additive found to increase the amount of resistgartch in the orange-fleshed sweet
potato starch. Lysine, also, was the amino act thie greatest effect on the thermal
characteristics for both the white-fleshed and geafleshed starches. The lysine served
to increase the gelatinization temperatures fon Istdrches; aspartic acid raised these
temperatures, as well, but only in the white-flesbeeet potato starches. The addition
of aspartic acid and lysine, the two charged arairids, caused significant alterations to
the pasting properties of both the white-fleshed arange-fleshed sweet potato starches.
The aspartic acid decreased the stability of btatitctkes to shear during cooking and also
lowered the potential for retrogradation. Lysimethe orange-fleshed sweet potato
starch, made the starch more stable during cooKiing addition of leucine and lysine,

to a lesser extent, caused changes in the crystgdattern of the gelatinized orange-
fleshed and white-fleshed sweet potato starchdisof he amino acids added to the
orange-fleshed sweet potato starch decreasedléteeerystallinity, which makes the
starch more susceptible to digestion by enzymde addition of leucine and lysine to

the white-fleshed starch caused large increastirelative crystallinity of the starch,
making the starch harder to digest.

Overall, the charged amino acids used, lysineaapartic acid, caused the most
changes to both the white-fleshed and orange-ftesiveet potato starches. More
research should be done examining the effectsfigfrent levels of amino acid additives,
and possibly other charged amino acids. Also,rsogrelectron microscopy (SEM)
could be done to the white-fleshed and orange-@eéstweet potato starches in order to

determine whether a difference exists in the stgrahule shapes and sizes.
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APPENDIX 1
DSC RAW DATA AND SASCODE

Sweetpotato Additive Onset Temp Peak Ter@oncl. Temp Enthalpy

white noaa 70.19 76.7 85.4 11.68
white noaa 70.19 76.58 86.29 12.03
white noaa 70.01 76.69 85.04 11.11
white aspa 72.6 78.61 85.96 8.61
white aspa 71.17 78.96 87.24 11.19
white aspa 72.31 78.47 87.1 11.93
white leu 71.03 76.93 85.39 10.16
white leu 70.75 76.82 83.69 7.97
white leu 70.32 76.2 83.12 8.94
white lys 73.02 79.72 88.38 12.07
white lys 73.16 79.76 87.38 11.34
white lys 73.45 79.35 85.53 8.684
white meth 69.65 76.4 84.33 10.69
white meth 69.48 75.63 83.79 10.87
white meth 69.89 76.01 83.4 9.89
orange noaa 55.68 67.48 86.25 16.7
orange noaa 56.67 68.27 81.84 10.77
orange noaa 58.09 67.31 0.5 10.06
orange aspa 58.38 68.88 82.55 10.93
orange aspa 58.92 68.77 83.12 10.57
orange aspa 56.96 68.34 81.98 11.07
orange leu 57.67 67.8 78.43 8.873
orange leu 57.52 67.78  80.27 10.2
orange leu 57.38 67.44 80.42 10.11
orange lys 59.23 71.1 83.69 10.53
orange lys 58.8 70.66  84.82 11.66
orange lys 59.09 70.91 83.26 10.46
orange meth 56.77 67.32 8254 12.69
orange meth 57.31 66.33 80.75 9.17
orange meth 56.24 65.62 79.49 10.24

dm“clear log; clear output”

optionsnodate nonumber;

data DSC;

input sweetpotato $ additives $ OT PT CT EN;
cards

white noaa 70.19 76.7 85.4 11.68
white noaa 70.19 76.58 86.29 12.03
white noaa 70.01 76.69 85.04 11.11
white aspa 72.6 78.61 85.96 8.61
white aspa 71.17 78.96 87.24 11.19
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white
white
white
white
white
white
white
white
white meth
white meth
orange noaa
orange noaa
orange noaa
orange aspa
orange aspa
orange aspa
orange leu

orange leu

orange leu

orange lys

orange lys

orange lys

orange meth
orange meth
orange meth

leu
leu
leu
lys
lys
lys
meth

aspa 72.31 78.47 87.1

71.03
70.75
70.32
73.02
73.16 79.76
73.45 79.35
69.65 76.4
69.48 75.63
69.89 76.01
55.68 67.48
56.67 68.27
58.09 67.31
58.38 68.88
58.92 68.77
56.96 68.34
57.67 67.8
57.52 67.78
57.38 67.44
59.23 71.1
58.8 70.66
59.09 70.91
56.77 67.32
57.31 66.33
56.24 65.62

76.93
76.82
76.2

79.72

11.93
10.16
7.97
8.94
12.07
11.34
8.684
84.33 10.69
83.79 10.87
83.4 9.89
86.25 16.7
81.84 10.77
80.56 10.06
82.55 10.93
83.12 10.57
81.98 11.07
78.43 8.873
80.27 10.2
80.42 10.11
83.69 10.53
84.82 11.66
83.26 10.46
82.54 12.69
80.75 9.17
79.49 10.24

85.39
83.69
83.12
88.38
87.38
85.53

proc sort; by sweetpotato additives;

proc means n meanstd maxde&2; by sweetpotato additives;

varOT PT CT
proc anova; by
classadditives;

EN:;
sweetpotato;

modelOT PT CT EN = additives;
meansadditivestukeylines

run;,
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APPENDIX 2
RVA RAW DATA AND SASCODE

SweetPotato Additive P1

white noaa 222
white noaa 222.4167
white noaa 219.9167
white aspa 179.5
white aspa 175.3333
white aspa 183.6667
white leu 203.75
white leu 208.0833
white leu 210.25
white lys 188.4167
white lys 191.4167
white lys 197.5
white meth 208.1667
white meth 207.9167
white meth 210.5833
orange noaa 220.75
orange noaa 224.1667
orange noaa 226.0833
orange aspa 201.8333
orange aspa 206.0833
orange aspa 205.4167
orange leu 222.3333
orange leu 219.9167
orange leu 218.8333
orange lys 190.75

T1

137.8333
139
139.25
88.3333
87.75
89.25
131.4167
132.25
135
106.5833
114.4167
110.25
132.6667
133.25
134.3333
125.25
126.4167
126.9167
88.3333
88.3333
88.3333
128.9167
128.1667
129
104.4167

BD FVv SB
84.1667 190.3333 5 52.
83.4167 188583 50.5833
80.6667 TR 50.5833
91.1667 A&y 31.0833
87.5833 BER3  30.5833
94.4167 121.5 32.25
72.3333 18676 58.25
75.8333 18338 55.5833
75.25 191.4167 56.4167
81.8333 160.5 53.9167
77 163.75 49.3333
87.25 161 50.75
75.5 a637 51
74.6667 184 50.75
76.25 384 50.1667
95.5 6B6d. 43.4167
97.75 4,257 47.8333
99.1667 174 47.0833
113.5 75918 30.4167
117.75 9.5833 31.25
117.0833 120.6667 33F2.
93.4167 178.4167 49.5
91.75 .6667 49.5
89.8333 18833 54.3333
86.3333 153.0833 663.6

94

Ptime

4.5293
4.5622
4.5626
4.3985
4.3993
4.4637
4.4641
4.5293
4.5293
4.4963
4.4974
4.5293
4.5293
4.4644
4.53
4.4311
4.3985
4.3996
4.4637
4.4641
4.4648
4.4641
4.4311
4.4644

4.4974

PT

79.55
79.4
79.9
80.2
80.3
80.3
79.4
79.4
79.45
81.55
81.45
4381.
79.4
79.5
79.45
72.9
73.4
73.25
73.8
73.2
73.5
73.25
72.75
73.25
75.05



orange
orange
orange
orange
orange

lys 189.75
lys 190.5833
meth 220.9167
meth 219.8333
meth 221.3333

104.1667
96.9167
127.75
127.8333

131.1667

85.5833
93.6667
93.1667
92
90.1667

95

151.4167
58838
80.5B33
176
83.8B33

%47.2
50.6667
52.8333

48.1667
52.6667

4.497
4.4974
4.4311
4.4644
4.4315

74.95
74.75
72.7
12.7
72.75



dm "cl ear

| og; clear output”;

opti ons nodate nonunber;
dat a RVA;
i nput sweetpotato $ additives $ P1 T1 BD FV SB Pti me PT,;

cards;
white
white
white
white
white
white
white
white
white
white
white
white
white
white
white
or ange
or ange
or ange
or ange
or ange
or ange
or ange
or ange
or ange
or ange
or ange
or ange
or ange
or ange
or ange

ir)roc sort;
proc means
var P1 T1

noaa
noaa
noaa
aspa
aspa
aspa
| eu
| eu
l eu
lys
lys
lys
met h
met h
met h
noaa
noaa
noaa
aspa
aspa
aspa
l eu
l eu
| eu
lys
lys
lys
met h
met h
met h

222 137. 8333 84. 1667 190. 3333 52.5 4.5293 79.55
222.4167 139 83. 4167 189. 5833 50. 5833 4. 5622 79.4

219. 9167 139.25 80.6667 189. 8333 50. 5833 4.5626 79.9

179.5 88.333391.1667 119. 4167 31. 0833 4.3985 80.2

175. 3333 87.75 87.5833 118. 3333 30. 5833 4. 3993 80.3

183. 6667 89.25 94.4167 121.5 32.25 4.4637 80.3

203. 75 131. 4167 72.3333 189. 6667 58.25 4.4641 79.4

208. 0833 132.25 75.8333 187.8333 55.58334.5293 79.4

210.25 135 75.25 191. 4167 56. 4167 4. 5293 79. 45

188. 4167 106. 5833 81.8333160.5 53.9167 4. 4963 81.55

191. 4167 114. 4167 77 163. 75 49.3333 4.4974 81.45

197.5 110.25 87.25 161 50.75 4.5293 81.45

208. 1667 132. 6667 75.5 183. 6667 51 4.5293 79.4
207. 9167 133.25 74.6667 184 50.75 4.4644 79.5

210. 5833 134. 3333 76.25 184.5 50.1667 4.53 79. 45

220.75 125.25 95.5 168. 6667 43.4167 4.4311 72.9

224.1667 126. 4167 97.75 174.25 47.83334.3985 73.4

226. 0833 126. 9167 99. 1667 174 47.0833 4.3996 73.25

201. 8333 88.3333113.5 118.75 30.4167 4. 4637 73.8

206. 0833 88.3333117.75 119.5833 31.25 4.4641 73.2

205. 4167 88. 3333 117. 0833 120. 6667 32.3333 4.4648 73.5
222.3333 128. 9167 93. 4167 178. 4167 49.5 4.4641 73.25
219. 9167 128. 1667 91.75 177.6667 49.5 4.4311 72.75
218. 8333 129 89. 8333 183. 3333 54. 3333 4. 4644 73.25

190. 75 104. 4167 86. 3333 153. 0833 48. 6667 4. 4974 75.05

189.75 104. 1667 85. 5833 151. 4167 47.25 4.497 74.95

190. 5833 96. 9167 93. 6667 147. 5833 50. 6667 4. 4974 74.75

220. 9167 127.75 93.1667 180. 5833 52.83334.4311 72.7

219. 8333 127. 8333 92 176 48. 1667 4. 4644 72.7

221. 3333 131. 1667 90. 1667 183. 8333 52.6667 4.4315 72.75

by sweet potato additives;
n nean std maxdec=2; by sweetpotato additives;
BD FVv SB Pti ne PT;

proc anova; by sweet pot at o;
class additives;

nmodel

P1 T1

BD FVv SB Ptime PT = additives;

means additives/tukey |ines;

run;
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APPENDIX 3
AMYLOSE RAW DATA AND SASCODE

Sweet Potato Amylose Sweet Potato Amylose

white 14.5 orange 3.91
white 13.73 orange 4.15
white 14.52 orange 4.18
white 14.21 orange 4.01
white 15.15 orange 5.72
white 14.47 orange 5.56

dm "clear |og; clear output"”
opti ons nodat e nonunber;

dat a amyl ose;

i nput sweetpotato $ anyl ose
dat al i nes;

white 14. 5 orange 3.91
whi te 13. 73 orange 4.15
whi te 14. 52 orange 4.18
whi te 14. 21 orange 4.01
white 15. 15 orange 5.72
white 14. 47 orange 5.56

proc sort; by sweetpotato;

proc nmeans n nean std maxdec=2; by sweetpotato; var anyl ose;
proc anova;

cl ass sweet pot at o;

nodel anyl ose=sweet pot at o;

nmeans sweet pot at o/ t ukey i nes;

run;
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APPENDIX 4
RESISTANT STARCH RAW DATA AND SASCODE

Additive White Orange
NOAA 8. 36 4.89
NOAA 7.52 5.4
NOAA 8. 88 4. 36
NOAA 7.91 4. 31
NOAA 8.42 4. 36
NOAA 8. 46 5.37
AA 9.22 5.27
AA 8.08 4.54
AA 8.73 4.72
AA 8.47 4. 45
AA 8. 68 5.55
AA 7.36 5.55
LEU 9.48 3.9
LEU 9.04 4.69
LEU 8.41 2.96
LEU 8. 82 4. 36
LEU 8.99 3.71
LEU 8.71 3.92
LYS 8. 46 6.11
LYS 7.84 5. 64
LYS 7.53 5.25
LYS 7.76 5. 36
LYS 9.59 6. 25
LYS 8. 36 5.84
METH 6. 96 4.99
METH 6. 69 5.87
METH 6.52 5.43
METH 7.26 5.97
METH 6.74 5.48
METH 6. 68 5. 67

dm "clear |og; clear output";
opti ons nodat e nonunber;

data resistant_starchl

i nput additives $ white orange;

dat al i nes;

NOAA 8.36 4.89
NOAA 7.52 5.4

NOAA 8.88 4. 36
NOAA 7.91 4.31
NOAA 8.42 4. 36
NOAA 8.46 5.37
AA 9.22 5.27
AA 8.08 4.54
AA 8.73 4.72

98



AA 8.47 4.45
AA 8.68 5.55
AA 7.36 5.55
LEU 9.48 3.9
LEU 9.04 4.69
LEU 8.41 2.96
LEU 8.82 4.36
LEU 8.99 3.71
LEU 8.71 3.92
LYS 8.46 6.11
LYS 7.84 5.64
LYS 7.53 5.25
LYS 7.76 5.36
LYS 9.59 6.25
LYS 8.36 5.84
METH 6.96 4.99
METH 6.69 5.87
METH 6.52 5.43
METH 7.26 5.97
METH 6.74 5.48

6.68 5.67

VETH

proc sort; by additives;

proc nmeans n nmean std maxdec=2; by additives; var white orange;
proc anova,;

class additives;

nodel white orange=additives;

nmeans additives/tukey |ines;

run;
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