ABSTRACT

FENG GODINEZ, SOFIA Chemical and Nutritional Analysis of Products Derived from
SweetpotatoegUnder the direction of Ddonathan C. Allen

The production of ingredients and foods derived fremeetpotatocontinue tobe of
interest to the industry and tbe increasinglyhealthconscious consumers due to the unique
nutritional propertiefound in thisvegetable Products fromsweetpotatoesre considered as
relatively new, and nutritional information of these prdducbtained from human trials is
limited.

Carbohydrates are the most abundant macronutrienswieetpotatoesoffering an
effective source of energynderstanding the health effects and properties of carbohydrates
responses may be berwgdil to the population. In thiglissertation a twopart study was
conducted to investigate the relationship between carlategdand their interaction in a
biological studywith a human panel Glycemic index (GI) isa ratio of the blood sugar
concentration®btainedafter the consumption of the product interestto those froma glucose
solution that serves as the reference. Capillary blood obtained from finger pricks were used
following the official GI methodology however, in this dissertatiprthe application and
functionality of a biosensor f@8l testing was also explored.

The first part of thestudy investigated the glycemic response obtained from eight
different products derived of two botanically differereigetablesGl results were calculated by
the incremental area under the cur@veetpotatocchips were significantly lower than white
potato chips. Both products fall into the low GI categor$weetpotato(SP) fries are also
considered low Gl and white potato (WP) fries moderate dwever there was no significant
difference between these two products. Dehydrateeetpotat@ranules can be converted into

powde to useas a functional ingredient for different applicatiodMghen comparedo white



potatq dehydrated granuldsom sweetpotat@owderareconsideredow Gl. WP powder and SP
juice arehigh GI. For all products, thigugy found no significant differences betwdée data
acquiredusing continuous glucose monitor readings and those obtained from capillary blood.
This offers the potential for a new application of a glucose biosensor

Not all carbohydrates are the sanide human body utilizes series ofchemical
interactions tanaintaintight control of blood glucose levels the second part dhis study the
postprandialconcentrationof seven different hormones was determined usingwtiple
immunoassay with fluorescence. The postprandial changes were deteframele difference
between concentrations at fasting levels and a#teperiod of onehour following the
consumption of thesame selectedroductsused to determinthe glycemic indexPostprandial
changes in insulifollowed closelythe changes in @eptide. For both hormones the greatest
change wa®bserved when consuming white potato powder. Postprandial change in GIP was
greatest for SP chips. Ghrelin levels weeenhigher in a fasted state. Postprandial change in
GLP-1 is the greatest when consuming SP chips and glucagon change was the Highest w
consuming white potato powder. Postprandial leptin levels remained relatively constant. This
study offered a way to visualize how digestive and adipose tissue dbouadnes responded
afterthe consumption aheseproducts

Carbohydrateich foods are known to be more accessible and are generally less
expensive than fatand proteirrich foods. In the U.S. theweetpotatoeare scaled into sizes
with a grathg for market selling purpose€ulls that do not meet these specifications are often
left behind in the field. However, culls can also be processed into juices that can be added into
other appliations such as sauces. The juigmgcesgproducesiehydratedibrousgranuledrom

SP that can balsobe turned int@a powder forfortified blended food applications such as cereal



shacks or extruded products. In the fichapter, the concept of entomophagy was applied,
combining the use of an edible insect with the material derived from dehydrated culls. The goal
of this study was to produce a dried extruded prodiwstable for use as a ready to use food
(RUTF) ingredentthat met the nutrient guidelines stipulated for its usage

Finally, another use of sweetpotatopowder or purees is incorporatiomto bread
formulatiors that have potential as glutéee bakey products or to providé-caroteneas a
precursor to vitamin AThe lastappendixin this dissertation offeran abbreviatedtudy in
which the retention percentage ofchrotenewas determinedfter baking andstorage under

refrigeration
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CHAPTER 1

INTRODUCTION



Food insecurity is defined by the Unitedatets Department of Agriculturesingdifferent
parametersas the lack of access to enough food for an active, healthy life for all household
memberswith limited or uncertain availability of nutritionally adequate foods (United States
Department of Agriculture (USDA), 2017). According to this assessment tool, there are different
levels of food insecurity. For example, food insecurity can bgeptasa verylow food security
level, where normal eating patterns of one of the members are disrupthd faod insecure
level, where a certain level of uncertainty of having, or acquiring enough food is present. As of
2016, about 31.1 milliorJ.S. households were identified as food insecure (USDA, 2017).
Worldwide, according to the Food and Agriculture Organization (FAO) in 2Q@16percent of
the global populationvasaffected by food insecurity often in geographical areas where violent
conflicts were present (FAO, 2017

The world of a food scientist presents many juxtapositions. First the profassieadto
serve as basic providers of nutritionally adequate safe products that could be used as sources of
energy to sustain life. Howeverpdd scientists arexpectedto fulfill the demands of heakh
conscous consumers based on current ndxvehds. In this regardhe sweetpotatp lpomoea
batatas (L.) Lam, as one of the sevemost important food crops in the world (Food and
Agriculture Organization (FAO), 201@,0ebestein and Thottappilly, 200%ould be used by a
food scientist to fulfill these expectations.

Sweetpotatoe¢SP) are widely cultivated ithe countries of Asia, Africa, the United
States (U.S.) ahCanada as well as thetropical countries of Latin America and the Caribbean.

In the U.S., although the crop is a perennial it is grown as an annual (USDA, SiWeetpotato
consiss of starchy storage roots, amsl corsidered a food security crop because of the low

requirement of nutrients and relativébyv economianvestment (CIP, 2016).



North Carolina ranks first in the production of this very nutritious vegetable (North
Carolina SweetpotatoCommission,2016). More than 78,000 acres are grown in the state
(Schulteis, 2018). As of 2016, North Carolina (NC) growers produced nearly 50 percent of the
total U.S. production (North Carolirfweetpotat€Commission, 2016). Consequenttjueto the
abwndance okweetpotatogsNC farmers are natlwaysable to completely sell their production.
Therefore, research on valadded products and nutritional qualities deri¥esin this crop
would help toutilize sweetpotatoeasingredients andlsoalign themwith the current trends in
healthy eating and exotic ingredients and flavors.

Sweetpotatopowder can be derived from this nutrigm@h crop using different
processing methods (Truong and Avula, 2010). This povedarshelstable product that can be
further improved with nutrient fortification. Dehydratedeetpotat@hips can be also be fried or
baked. These products add functional properties, taste and texture daisaalek foods, gluten
free prodicts and othenutritious applications. However, scientific informatios lacking on
certain nutritional characteristics such as glycemic index.

The consumption of any starch and stadehived product will have an impact on blood
glucose levels. The imptaof a particular food or ingredient on glucose respssportedoy a
value known as glycemic index (Jenkins et al., 2002)-dixigetes is a condition in which
glycemic values in blood are above normal but below the diabetes threshettabttess a
condition or state of high risk for developing diabetes characterized by fasting plasma glucose of
6.1-6.9 mmol/L (100 to 125 mg/dL) and impaired glucose tolerance defined as 2 h plasma
glucose of 7.8.1.0 mmol/L (146200 mg/dL) (American Diabetes Assation, 2014; Bansal,
2015). The systematieview from Bansal (2015) reportedsharp increase in the prevalence of

pre-diabetes and impaired glucose tolerance affecting 37% of the U.S. adult population.



Therefore, in order to achieve normal glucose lkeiteis imperative to learn how food choices

can help induce normal postprandial glycemic responses. In order to accomplish this, a
comparative glycemic index study with the postprandial hormone resp@se@ndertaken to
increase nutrition knowledge anw increase theconsumption of diversifiedsweetpotato
ingredients, as well as expand the utilization and market for processed forms.

Products derived fromsweetpotatotend to be low in protein(Loebestein and
Thottappilly, 2009) This dissertation also includes a study of an extruded product formulated
with sweetpotatoflour and mealworm flour. The consumption of insects is known as
entomophagy and although not very common in Western diets, the benefits and qualities
associated allow insects to becompassible food ingredient (Payeé al., 2016). For example,
the larvae offenebrio Molitor L, the mealworm, can be processed to be a-pigkein nutritious
ingredient fairly high in polyunsaturated fatty acids that lmarcombined with other ingredients
into a creative snack. The use of this product can also be expanded to a humanitarian scope,
effective for malnutrition interventions as a ReadyJse Therapeutic Food (RUTF).

RUTFs have fairlysimilar ingredientcompositiors. Most of them include a netostly
vegetable protein or grains, some form of milk powder or whey protein isolate, vegetable oil,
micronutrient fortifications, and sugar (Annan et al., 2014). Examples of RUTFs available are
pastes odrinks that can be consumed straight out of the package. Other fortified blended foods
such as powdered products (intended to be cooked as porridge) and other dietary supplements
(Annan et al., 2014). In this regard, insects are compat@loner animaproteins (Paynet al.,

2016 and can be useful in RUTF applications with a low adsinvestment and less land
required for insect rearing. The study aimed to produce a exieddedproduct suitable for use

as an RUTF ingredient. In order to accontplikis, three products with the same composition,



including sweetpotatoflour and mealworm flour were subjected to different extrusion
temperatures (75jC, 110;C, and 130;C) and compared in basis of texture ardesktbility:
water activiy, moisture content, and nutritional content: protein and amino acid quality, fat and
mineral composition.

Finally, bread is regarded worldwide as one of the most common staple food products. A
brief studyincluding sweetpotatdlour in a bread formulation can be found in the appendix H.
The study determined the retention percentage-cdrbtene after baking and storageder
common household methodsrefrigerationafterten days. ‘carotene is a precursor (bioactive)
form to vitamin A andetinoid. Deficiencies of this micronutrient are still latent and are present
as xerophthalmia, blindness and premature death in many parts of the world (Tarver, 2014). This
study determined the presence etdrotene derived from orangsveetptatoin the form of
flour and puree used as ingredients in the formulation of spaato breads followed by a 5 and
10 day period at 4iC.

The overall objective of this body of work is to increase the nutrition knowledge related
to functional ingredientslerived ofsweetpotatoesTo achieve this, Chapter 3 and Chapter 4
present the glycemic index and the hormonal responses after the consumption of different flours,
chips and fries. The impact on blood glucose control in healthy people, llaaswdiabetic
patients can banuseful tool for healthcare providers, food product developerss\aadtpotato
marketersThehypothesisn Chapter 5 is that the nutrients that are naturally higtweetpotato
such as vitamin Aand fiber can baitilized in a way that can result in a product that can
potentially be used as a RUTF. Nutritional studies from NC State on local crops frequently
receive media attention and this will help promote sales and expand into new markets.

Collaboration with the marketing branch of the NSweetpotatdcCommission will allow these



data to support their efforts and can help expand the U.S. and European demand for NC

sweetpotatoes



References

American Diabetes Assotian (2014). Diagnosis and classification of diabetes mellitus.
Diabetes Care, 37(1), 8100.

Annan, R. A., Webb, P., & Brown, R. (2014). Management of moderate acute malnutrition
(MAM): current knowledge and practice. GMAM Forum Technical Brief , 1E89.

Bansal, N. (2015). Prediabetes diagnosis and treatment#: A rBwiedJournal of Diabetes,
6(2), 296803.

International Potato Center (CIP). (2016). Annual Report. Nutrition in a climate changing world.
Retrieved from
https://cgspace.cgiar.org/discover?filtertype=authoré&filter relational operator=equals&filt
er=International+Potato+CenterAccessed on January, 2018

Food and Agricultural Organizatio(2016). Cultivation, harvesting and storageswEetpotato
products. Retrieved fromttp://www.fao.org/docrep/003/t0554e/T0554E14.héracessed
on November, 2016

Food and Agricultural Organization. (201The state of food security and nutrition in the world.
Retrieved fromhttp://www.fao.org/stat@f-food-securitynutrition/en/. Accessed on
February, 2018

Jenkins, D. J. A., Kendall, C. W. C., Augustin, L. S. A., Franceschi, S., Hamid&, Marchie,
A. (2002). Glycemic index#: overview of implications in health and diseasg-ican
Society for Clinical Nutrition, 76, 26ER73.

Loebenstein, G & Thottappilly, G. (2009ke sweetpotato. New York, NY:Springer.

North CarolinaSweetptatoCommission. (2016). Industry. Retrieved from
http://www.ncsweetpotatoes.com/swetateindustry/. Accessed on November, 2016

Payne, C. L. R., Scarborough, P., Rayner,&INon&a, K. (2016). Are edible insects more or
less OhealthyO than commonly consumed meats? A comparison using two nutrient profiling
models developed to combat ovand undernutritionfuropean Journal of Clinical
Nutrition, 70(3), 285291.

Schultheis, J. R2018).State Report - North Carolina. National Sweetpotato collaborators
group, progress report. Presented on January 20, 2018, Hilton Wilmington Riverside Hotel,
Wilmington, NC.

Tarver, T. (2013). Micronutrient Deficiency: A global public health is$iwed Technology,
67(11), 35042,



Truong, V:D., & Avula, R. Y. (2010)Sweetpotatgpurees and powders for functional food
ingredientsIin Ray ,R. C. & Tomlins, K. |. (EdsJweetpotato: Post Harvest Aspects in
Food (117-161). New York, NY: Nova Science Publishers, Inc.

United Sates Department of Agriculturg2017). Food Security in the U.S. Retrieved from
https://www.ers.usda.gov/topics/foodtrition-assistance/foedecurityin-the-
us/definitionsof-food-security/ Accessed on February, 2018

United States Department of Agricultyred.). Sweetpotato. Retrieved from
http://www.ba.ars.usda.gov/hb66/sweetpotato.gafcessed on November, 2016




CHAPTER 2

LITERATURE REVIEW



Sweetpotatoes

The sweetpotatplpomoea batatas (L.) Lam, is a member of the Convolvulaceae figm
thatdoes not have a clear site of ori¢pat recent literature shows thabitiginatedsomewhere
throughout theAmerican continent (Loebestein and Thottappilly, 2009; Miller, 2018). There is
much diversity amongssweetpotatocultivars. Diversity in cultivars is a result of natural
hybridization, continuous intervention of humans for domestication and artificial selection in
order to improve certain traits (Woolfe, 1992)of1yieldsfor exampleareaffected bymultiple
environmental falors and dought is listed as the major environnanstress affecting yields
(Choet al., 208). Plants that undergo drougittess have developed structural and physiological
mechanisms to protect themselveSurrently plant breedersfocus their efforts on the
improvement othesetraits that would allow for higher yields and higher quadityeetpotatoes
with an increased nutritionalprofile to satisfy the rapidly growing human population
requirements{weetpotato collaborators, 208 sterand Langridge, 2010

Sweetpotataultivarsmay vary from one another, for example, in the cofadhepeel. It
can bewhite, cream, lown, yellow, red or purple. The pigmentation of their flesh can be white,
cream, yellow, orange or redbipurple (Woolfe, 1992)SweetpotatoeéSP) are grown in more
than 100 different countries, mostly warmtemperatetropical and developing regiondduzZ
et al.,, 2015; Woolfe, 1992). In developing countri@seetpotatoesepresent the fifth most
important food crop (CIP, n.d). In these countries, SRi@taple foodnd usedis an alternative
option for animal feed (HeuzZ et al., 201&3cording to the Food and Agriculture Organization
(2016), in the year 2014, the worldoguction ofsweetpotatoewas more than 106 million (M)
metric tons and 8.3Mhectare were used to harvest this produaternational Potato Qeer

(CIP), reported105M in its 2016 annual report (CIR016. Since 1994, China has been the
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largest producer of this commodity, representing 86% of the total SP production, followed by
countries in Africa where 11% of the totaleetpotatoeare produced (Zhang et al., 2002). The
Solomon Islands,in the South Pacific have the largest pecapita production, 160
kg/person/year, followed by Burundi, in East Africa where production iskbBferson/year
(Loebenstein andrhottappilly, 2009). In the U.S.sweetpotatoproduction has constantly
increasedsince the year 2000 espaity in states such as North Carolina (NC), California and
Mississippi. In NC, the production in the past 10 years increased 185 percent and has expanded
from 5.6 million cwt to 15.8 million cwt (USDA, 2015). Since 19Rrth Carolinareports the
highestarea harvesteih the countryandhighest overaltotal production representing between

47 and 53 percent (Jiang et al., 2Q1bpwever, Californiahas the highest average yields
(USDA, 2015)

Nonetheless, the latest report presented at the Nationat@tate Collaborators Group
(2018) presumes a decrease in farming acreage in NC for 2018 from 90,000 total acres to 78,000
(Schulteis, 2018). This may be a consequence of the sustained low prices for this commodity in
the last few years. According to Cange(2009), cangefleshed SROFSP)genotypes occupy
about 90% oftie SP production area in the US. From the OFSP acreage, Diane occupies 40% in
California, Beauregard 50% and 65% in Louisiana and Mississippi respectively and in NC the
Covington cultivar ocupies 90% (National Sweetpot&iollaboratorsGroup, 2018). Covington
is a variety released in 2008 by the NC State University sweetpotato breeding and genetics
program (Yencho et al., 2008).

Sweetpotatoearea versatile crophat has a low need for input of nutrients in the aod
is less laboiintense when compared ¢ther cropssuch as corn (Chet al., 2016 HeuzZ et al.,

2015). Also,SP have fast growing periods and grow at a different range of alsiffiden sea

11



level to 2,500 meters above sea lejang et al., 201,6CIP, 2016).Sweetpotatccan also
tolerate marginal growing conditionssuch as dry spells and poor soils (Woolfe, 1992;
International Potato Center CIP, n.djoreover, SP can be stored for long periods of time
making hem available year round (Jiaagal, 2015). These positive characteristics allow SP to
be considered a food security crop (HeuzZ et al., 2015; Wang et al., R3i@jcally, SP had a
role in combating food shortages and malnutrition (Woolfe, 1992). For exarhplelapanese
usedthis cropwhen typhoonslestroyedherice fields(Loebenstein andhottappilly, 2009) It
was also important an important crop when Korea had a shortage infstagde(Scott et al.,
1992) and in 1960sweetpotatoekept millions from starvation in famipglagued China
(International Potato Center CIR.d) More recently sweetpotatoewere also used in Uganda
when a viruswept awaycassava cropénternatioral Potato Center Clm.d).

OFSP have a broad genetic base that can vary the color of their skin and flesh
(Loebenstein and hottappilly, 2009). They also diffein the size and shape of theot® and
leaves, in thelepth of rooting, the time to matty; theresistance to disease andhetexture of
the cookedproducts (Woolfe, 1992) The Typical U.S. No.1 storage roots of OCovingtonO are
described as oblonglliptic or roundelliptic in shape (Yencho et al., 2008). The sizes of roots to
be graded U.SNo. 1 must meet the following measurements: 5.1 to 8.9 cm in diameter and 7.6
to 22.9 cm in length. Cannegsade SP are 2.5 to 5.1 cm in diameter and 5.1 to 17.8 cm long and
Jumbos are larger than U.S. No. 1 in diameter or length or both, without obhgddé defects.

Culls are described as larger than 2.5 cm in diameter and so misshapen or unattractive that they
could not fit as marketable roots in any of the previously mentioned three grades (Yencho et al.,

2008).
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Different varieties account for diffences in chemical composition, bioactive
componentsand antinutritional components (Wang et al., 2016). For example,]jBStg of
fresh OFSP root contains enoughetacarotene to provide the dailitamin A needs of a
preschoolaged child. According to the Report of a Joint FAO/WHO Expert Consultation:
Human Vitamin and Mineral Requirements (20@i9 needs of prescheabechildren are 500
micrograms orl,65 IU retinol/day. OFSP arealso a valuablesource of vitamins B, C, and E
(Wang et al.2016)

Pre and posharvest storage conditions can also alter their native chemical composition
(Wang et al., 2016). For examptieiang et al. (2014) reported that the amount of existing sugars
could be modified after storage. In their stuslyeetpotatoestored at 15C had less weight loss
than those stored under ambient conditions (23.8 jQ&HAd 77.1~ 81.0% relative humidity).
Higher storing temperature conditions allow for higher concentration of sugars. It was also
reported thatsweetpotatoestored atl15;C, had higher total sugar content aftea baking
treatment(Huang et al., 2014) Zhang et al. (2002plso reported thattotal sugar content
increasedn the earlier stages of storalget maintained relatively catant levels after 120 days
Purcell et al. (1978), reported an increase in protein with storageaﬁmielethe15th week

attributed to a loss in dry matter (DM).
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Common uses of sweetpotatoes roots

Sweetpotatoeare commonly consumed boiled, steamed, baked and fried. They can also
be canned or converted into purees creatalgeadded products and enhancing their shelf life
(Loebenstein and hottappilly, 2009 Wang et al., 2016). Rees et al. (2003}estahatboiling
and steamingare the main methods of preparation tmmsumptionat home In Korea for
example during winter,sweetpotatoesan be found roasted and fried in snack foods sold in the
street (Scott et al., 1992). Industrialpépations use raw SP as a material for further processing
as a functional ingredient with different applications (Carolina Innovative Food Ingredients
(CIFI), 2017). Sweetpotatoesan also be process@uto glucose andigh-fructosesyrup and
used as ingredients added many food applications. For example sweeteners from
sweetpotatoesan be added into juices, sauces, dressings and desserts (CIFI, 2017; National
Sweetpotato Collaborators Group, 2018). HBtarch can also be added into noodles, candy,
desserts and flour. Furthermore, the starch can be fermented t@loatkalic beverages such as
wine and beeand noralcoholic beverages such as red vinegar or additives such as monosodium
glutamate, enzymeroducts andantibiotics (Loebenstein and hottappilly, 2009; Scott et al.,
1992; Terahara et al., 2003; Wang et al., 2016). A comprehensive utilizatswveefpotatas

shown in table 1 and supplementary table 1.
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Table 1 Common usesf sweetpotat@roductsLoebenstein andhottappilly, 2009)
Type of product Name of the product
Food products Unprocessed fresh, dried and boiled tubers as fo
Canned and candied tubers, cakes, frozen fried tul
ice cream, pancakes, past
Refined dried tubers, driexiveetpotatdries and chips

Refined starchproducts Starch

Noodles (vermicelli, sheet jelly, noodles)
Saccharification products Dextrose, fructose, glucose, maltose, amylose,
amylose paste

Sugar residues

Processing of sweetpotatoes into fries

Sweetpotatofrench fries (SPFF) are a relatively new product. Its demand has been
constantly increasing (Truong et al., 2014). White potato (WP) French fries (WPFF), on the other
hand, has beea popular product in the frozen market section for a long tiSelanum
tuberosum L., the WP is auber vegetableWPFF have been studied for the past 60 ydans
example, Alexander and Schopmeyer (1950) described in their publication a standardized
method for French frying potatoes. According to the National Agricultural Statistics Service
(USDA, 2014) WPFF are the most popular product derived from white paetounting for
50% of the total production. The traditional way of preparing commercial WREIEdes
washing, peeling, cutting into strips, blanching, -fsging and freezing Redreschi 2012).
Blanching is an important step for the final SPFF product. The blanching process limits the
amount of oil absorbed through starch gelatinization armvalluniform color after frying
(GonztlezMartinez et al., 2004). The blanched strips are partially dried before the initial partial
frying process (pafrying). The pa#fried strips are frozen ai8jC and sold in the retail market
for further fryingor roasting. The industrial preparation of the SPFF follows a similar process

with an additional préreatment step that includéempeing and pH adjustment. This step
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improves the texture of the final SPPF by increasing the firmness oh#igfoduct (He et al.,
2014). The improved texture results from #ftect ofthe enzymepectin methylesterase (PME)

and its action upopectic substratesPME is responsible for catalyzing tlue-esterification of
carboxyl groups and fonimg crosslink interactionsbetween pectin polymers with divalent
cationssuch asCa? and Md? (GonzilezMartinez et al., 2004). The result is an increastnén
numberof cationbridgesbetween nommethoxy esters and ultimately an overall increase in cell
wall strengthBlanchingalsoallows the removal of air from the tissue, as well as, an important
reduction in dry mattecontent(GonzalezMartinez et al., 2004). Sonsagars and other water
soluble materialaire partially extracted in hot water via this step. The affe important in the
reduction of acrylamide formatioM(uong et al.2014). Acrylamideis among theby-producs
resulting from the Maillard reaction. Acrylamide is classified as a Group 2A carcinogen, and has
been found in foods that are sulggtto high preparation temperatures of overjC20Potato

chips, french fries, cookies, cereals and breads are examples of these products (Singh et al.,

2007).

Processing of sweetpotatoes into chips

White potato chips (WPC) arsiveetpotatahips (SPC) are very thin pieces of the sliced
tubers that are commonly defped to approximately 35 to 38 percent final oil content kg
than 2 percent moisture (Joshi et al., 2016; Pedreschi, 2012).

The initial steps for processing chips involve cleaning the raw potatoes by washing,
peeling and cutting into slices of various widths, usually from 0.75 Sorin (Yagua and
Moreira, 2011; Pedreschi, 2012). The sliced raw chips are washed to remove excessive starch

and dried before the cooking step.
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Deepfrying is acommonlyused method in industry and at the home level. In the cooking
step, the food product is immersedaither fat or oil at temperatures higher than boiling water
(Hubbard and Farkas, 2000). Frying temperatures reportesivieetpotatoesare between 150
and 20QC (Farinu and Baik, 2007). Frying at such high temperatures allow for a fasg dny
dehydration process in which heat from the oil is transferred as water is evaporated. The process
can be described in four steps or stagéginitial-heating, (2)surface boiling, (3) falling rate,
and (4) bubble end poifHubbard and Farkas, 199 In the initiatheating, the food encounters
the hot oil. In this stage water does not leave the fdddring this stage heat transferred from
the oil to the foodn the way offree convection and through the foeid conduction(Hubbard
and Farkas1999) In the second stage, the surface water of the food vap@imes crust is
formed through the increased transferred heat. Lateheatatling rate stagehe crust region
continues to form and thicken. There is a decrease in heat transf@canthuousdecrease in
vapor mass transfer from the mateatthis stageFinally, the bubbleendpoint, is characterized
by anend in themoisture losdeaving the food This is thelast frying stage (Hubbard and
Farkas, 1999). The efrésult is a fod with higher attractive sensorial attributes high in-non
enzymatic browning reactions with the development of a crust that provides taste, color, flavor
and crispness (Fillion and Henry 1998; Pedreschi, 2012).

Most of the oil on the surface does not geste into the food during frying. Some
adheres to the surface of the final product resulting in products with a high fat contee that
very energy dense and provides a significant source of fat (Fillion and Henry 1998). Frying
temperatures also havesgnificant effect on the final oil content of the fried tuber slices
(Pedreschi, 2012). The higher the frying temperature, the lower the oil uptake in the fried potato

slices. Frying temperature also correlates to the kinetics of acrylamide formag¢idnghier the
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temperature, the more acrylamide is formed (Granda and Moreira, 2005). Thus processers are
considering other types of technologies in order to avoid such high uptake afdoiéss
acrylamide conteninto their final product. Examples of tleegechnologies could include
microwaving (Joshi et al., 2016), frying under reduced pressure also known as vacuum frying

(Yagua and Moreira, 2011) or baking.

Processing of sweetpotatoes into flour

Sweetpotatoesan be dehydratl to enhance their shelf life and create functional
ingredients that can be added to numerous food products such as breads, biscuits, cakes and
desserts (Loebenstein ahdottappilly, 2009; Truong and Avula, 2010). The dehydrated powder
form can enhancthe natural sweetness, color and flavor of these products (van Hal, 2000). In
Uganda, for examplesweetpotatdlour is laterrehydrated and eaten aghick porridge known
as Oataf Atap- is a composite(mixture) of flours made fromsweetpotatqpowder cassava,
and/or sorghunthat when combined with water turns intosticky batter like bread dough
(Peters, 1998)The process of obtainingweetpotatdlour starts with selection and washing of
the roots. The tubers atieen sliced and dehydrated at@dor 12 h. The dehydrated chips are
finally ground and milled (Dansby and BobBknjamin, 2003).

Unlike wheat flour sweetpotatdlour does not contain gliadins and glutenins. Together,
both of these protes form gluten (Hathorn et al., 2008). These proteins are-rhgacular
weight proteins that gene the dough strength and bubble holding capacity during fermentation in
the process of making yeastised breads. Loebenstein aribttappilly (2009) reportd that the
International Potato Center (nd) introduced a ingblecularweight protein gene into a

sweetpotatwariety named OHuachanoO. They report 13 transformed events under this variety and
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threeexpressed glutenin gene transformation. dMaerork is needed to determirtiee dough
strength and the viscoelastic propert¢she sweetpotatstarch (Loebenstein anichottappilly,
2009).

In times of wheat flour scarcity, higduality sweetpotatdlour was incorporated into
breads (van Hal, 2000). Tissveetpotatdlour contained a substantial amount of starch content
and small amounts of ash, fiber and moisture. Dansby and ERemjhmin (2003) used a shelf
life study to characterize thdeal quality ofsweetpotatdlour. In their study, the flour ranged
between 830 91% carbohydrate4.4to 4.5%ash, 10.9%lietary fiber and 2.6 to 4.2% moisture
content.

Sweetpotatdlour is naturally low in protein content (approximately 1%) (Dansby and
Bovell-Benjamin, 2003). The flour can be fortified with the incorporation of soy flour or other
higher protein content flours; however this wdduce the water holding capacity and add strong
foreign flavors when reconstituting the dehydrated powder (Loebenstein and Thottappilly, 2009).

Sweetpotatdlour in combination with cornstarch holds the base material for making a
number of seondary food products such as extruded noodles. These types of noodles are
popular in countries like China, Japan, Taiwan and Korea (Woolfe, 1992). The process varies
from country to country, sometimes producers will extract the starch first, but inagéner
involves adding a composite of flours into a vessel with the addition of limited cold water using
extrusioncooking equipment. The resulting strings are further dried until the noodles are hard
and the stickiness is reduced (Limroongreungrata andd{2805).

Other uses o8P flour include pancakes, puddings, and flatbread (chapaatis) made with
50% SP flour (van Hal, 2000)Sweetpotatdiour can also be included into donuts, cookies,

brownies, and pies. In sunary, the consumption of SP flour can promote the-y@mard
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consumption of this crop while at the same time, contribute to the daily nutrient needs for
energy, carbohydrates and fiber as well @stotene, thiamin, iron, vitamin C, magnesium and

potassium (van Hal, 2000).

Glycemic responses to sweetpotato products (fries, chips, and flours)
Background

Carbohydrates are the most available macronutrients and the main source of energy found
in the ratio of G(H.0). Carbohydrateich foods are known to be more accessible and generally
less expensi than fat and proteirrich foods (Berdanier and Berdanier, 2015). Chemically,
they can be classified according to their degree of polymerization (DP) into- naoio
disaccharides (DP-2), oligosaccharides (DP-® and polysaccharides (DP >1@ppendixA,
Supplementary Data Table 2) (Philippou, 2017). Bonding between component molecules are
found ineitherin $ or ! conformation. These bonds are important as they affect the structure and
digestibility of the molecules (Sheperd et al., 2013). Functipnalarbohydrates can be
classified intosugars, starches arftbers and chargel with supplying energy to the body,
particularly to brain and muscles (Wei and Prasad, 2015).

Carbohydrate functions are wide, and are mainly involvedemergy and lipid
metabolism. Carbohydrates also play a role in satiety, blood glucose control and colonic
function, affecting transit time and like prebiotics, altering microbiota. Because of this,
carbohydrates are also important in supporting the immsystem (Philippou, 2017).
Commonly, the chemical determination of carbohydrates is done by subtracting the sum of the
major components including moisture, protein, fat and minerals from the total weight of a food

(Cummingsand Stephen, 2007). The remainteconsidered the total amount of carbohydrates.
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This measurement includes available and-aeailable types of carbohydrates such as fiber. The
determination by difference includes noarbohydrate forms such as waxes, lignin or
compounds derived of Mé&rd reaction (Philippou, 2017). Available carbohydrate refers to the
carbohydrates that are digested and absorbed in the small intestine that cause a rise in blood
glucose after consumption. For the purpose of glycemic index measurements only available
carbohydrates are taken into account (Philippou, 2017). Glycemic carbohydrates include free
sugars, maltodextrins and starches. Resistant starches, sugar alcohols &stdrchgn
polysaccharides such as cellulose and hemicellulose are known-asailaibe carbohydrates.
Available carbohydrates can be determined by difference when subtracting unavailable
carbohydrates in combination with the rest of the macronutri€@usnihingsand Stephen,
2007).

The term glycemic means providing carbohydrate for noditah (Philippou, 2017).
Glycemic index (GI) is defined as a ranking in which carbohydrate containing foods are
classified according to their immediate effect on blood sugar level (Jenkins et al, 2002).
Glycemic index is considered an inherent properttheffood and not the metabolic response of
an individual to the food consumption (Matthan et al., 2016). It was originally desagreetbol
for the dietary mamgement of type 1 diabetes (T1DM) and to mardgtipidemia(Pi-Sunyer
2002). The objectivef Gl was to develop a food selection guide for diabetic individuals to
improve their glycemic response by classifying different foods according to the elicited
postprandial blood glucose response (Jenkins et al., 2002; Matthan et al., 2016). Thepretically

Gl values should be reproducible within individuals.
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History

Insulin resistance waseported as anmportant factor to the survival ofAustralian
indigenouspeople (OODea, 1991). Diets from this tribe were characterized by low energy
density, bw fat and high fiber that in combination withhantergatherer lifestyleallowed them
to resist the onset afisulin resistancelheir transition to the Westernized diet, characterized by
highly refined carbohydrate and fgiromoted obesity and maxirezinsulin resistancamong
the population, when combined with low physical activity (Daniel et al., 1999; Taylor et al.,
2015). In consequence, the Aborigines developed a series of diseases diatietastype 2
(T2DM), impaired glucose tolerance, hyggglyceridemia hypertension, hypensulinemia
and obesity (OODea, 1991Burkitt and Trowell (1975) likewise reported that during their
medical sevices in Uganda, people livinghaheir traditionalktaplediets had less symptoms of
noninfectious digases, common in developed countries.

Pima hdians of Arizonaare an ethnic group prone to chronic diseases such as obesity
and T2DM (Boyce and Swinburn, 1993; Guyenet, 2008). Boyce and Swinburn (1993)
characterized their diet and found tHagyt prompty became diabetic and overweight when their
foods weresubsidizedby the government programs with foods containing ingredients such as
flour, refinedsugar, partially hydrognated lard, and canned foods.

Initial definitions of Gl, speculated that foods ibw Gl were commonly eaten in low
resource areas of Western countries and largely in countries in Africa and Asia. Examples of
these foods include porridges with buckwheat, yameetpotatoesand leguminous seeds
(Jenkins et al., 1981). Reéd foods that cause a higher increase in blood glucose were
consumed in more affluent Western diets (Jenkins et al., 1981). Examples of these foods include

sugar, rice and bananas.
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The Gl is a concepbriginally developed at the University of Torontodeterminewhich
foods were best for people with diabetes (Jenlahsl.,1981). A small healthynon-diabetic
group of people O individuals) were fed with boiled dry grains, legumes aedetables
containing the same amount of carbohydratesr blood glucose levels wereeaasured over 2
hoursand expressed as a percentage of the area under the glucose response curve when the same
amount of carbohydrate was taken as glucoserelluere great differences in postprandial blood
glucose response wheubjects were fed with these different foods (Jenkins et al., 1981). Since
then, the concept has been adopted lthatGl foodswould accounfor sustained energy and
good healthoutcomes whereasigh Gl foods would cause blood Igcose levels to spike
(Matthan, et al., 2016). Diabetic individuals could benefit from a OtightO blood glucose control
(Jenkins et al., 1981). Foods with less than 55 are ranked as l®8,iB&rmediate, and more

than 70 are ranked as high in ®&dtthan et al., 2016).

Mechanism of Action

Wolever and cavorkers (2006) studied the work of the scientist Claude Bernard from
the mid1800; developed an interest in the interactions between carbohydrate metabolism and
homeostasis, considering the gut and the liver as centradod glucose concentration.

In an attempt to achieve homeostasis the body tilike nutrients stored in foodsirgt the

body breaks down the foods into absorbable components in a process known as catabolism.
Through a series of metabolic processedbtitdy synthesizes the needed molecules. This process

is known as anabolism and both processes in combination are the pathways for intermediate
metabolism. The intake of nutrients, hormones, genetics and environmental conditions can have

an effect on these etabolic pathways (Berdanier and Berdanier, 2015).
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Plants differ than animal tissues as they contain higher amounts of carbohydrats. Milk
the only significant animal source of carbohydidue to the high amount of lactose content. The
Tables of Food Qupositionof the USDAshow around 5% of lactose in cowOs milk compared
to 7% in mature human milk(www. nal.usda.gov/foodcomposition)Usually, only
monosaccharidesan be absorbed across the small intesépdhelium. Thus, disaccharides and
oligosaccharides must first be hydrolyzed to their constituent monomers for absorption to occur
(Sheperd et al., 2013).

Digestion of carbohydratdsegirs in the mouth with the action of alpfzemylases by the
hydrdysis of the$-1,4-glycosidic lond producingnolecules of glucose, maltosgextrins, and
maltotriose.The salivary $amylase is denatured in the stomach as thesfaoelmixed and
acidified with the gastric hydrochloric acidhis mixture is known as chyen(Allen, 2017).
Chyme moves into the duodenum where the pancreatic enzymes secretextinye pancreas
are able to break starches into maltodextrins, and maltotrioseThe dextrins are further
hydrolyzed by $glucosidases on the surface of the lurhicglls. The carbohydrates, whose
bonds are not attacked byatylase or $jlucosidase, are then passatb the lower part of
intestine where they are attacked thg enzymes from the intestindbria. Examples of these
carbohydrates that pass into thetdi small intestine and proximal large intestine are: galacto
oligosaccharides, fructoligosaccharides, isomahuigosaccharides and xylaligosaccharides
(Sheperd et al., 201Berdanier and Berdanier, 2015

Undigestible fibers can be fermented by dodéonic microflora or they can pass through
the large intestine binding water and increasing the stool output (Cummings and S28pf@gn,
Although fiber is not converted to glucose, some short chain fatty acids (SCFASs) are produced in

the gut as fiber rad are fermented by the microbiota. SCFAs are absorbed and can have a
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favorable effect. SCFAsanbe used as sustainablesource of energy in the body. For example,
Nilsson et al. (2008) found a lower glucose response that negativelelated to colonic
fermentation(R*= % 0.25P < 0.05) when participants were fed witimeals including barley
kernetbased bread and bread enriched with bafl&gse meals elicited a lower incremental area
under the curve when compared to white wheat bread (Nilsson et al., 2008).

The term fiber includes both dietary fiber, which is the fiber naturally occurring in foods,
that consists of intrinsic plant cell wall polysacchasdgCummings and Stephe2007) and
functional fiber, which is isolated fiber that has functional physiolagfects. There is no
analytical measurement to separate dietary fibers from functional fiber. Mann et al. (2007)
estimates that the amount of msarch polysaccharides, resistant starches, polyols and
oligosaccharides that reach the large boarel betwen 20and 40 g/day in countries with a
Owestern style digt@hile countries thatconsume mordraditional staples, based on cereals,
fruits and vegetables may redabg/day.

Dietary fiber allows for the dilution of the total aledensity since it is not absorbed.
Therefore, the rate of gastric emptying is reduced and the rates of absorption of carbohydrate,
fatty acids and cholesterol are also reduced (Philippou, 2017). Short chain fatty acids, such as
acetate, propionate andutyrate reduce the pH of the colonic content and provide fuel for the
colonic mucosa (Gibson, 1999; Nilsson et al., 2008, Sheperd et al., 2013). It has been shown that
dietary fiber alters the populations of specific colonic bacterial species. The aftenatiolonic
mucosa most likely influences positively the immune function (Gibson, 1999).

Once the monosaccharides are reledised are absorbed by one of several mechanisms.
Glucose and galactose are absorbed by an ewqemgndent,sodiumdependent, arrier

mediated mechanism. This meclsan is termed active transpdrécause glucose is transported
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against a concentration gradient. Because the transport is against a concentragat) gredgy
is required to pusthe movement of glucose into the enoicyte.Another glucose transporter is
GLUT-2. This is an example of an independent transporter, which is not only found in the
intestine but also found in cells in the liver and beta cells of pancreas. The glucose transporters
are a family of proteins #t are referredsmobile GLUTs because, when not in use, they reside
in the endoplasmic reticuluigBerdanier and Berdanier, 201%ructoseis absorbed by GLUT
5, via facilitated diffusion. Once absorbed by the intestinal cell, glucose passes infmotted
blood and circulates first to the liver and then throughout the Bwdyn there glucosenters the
pathways of intermediary metabolismgigcoses-phosphatéBerdanier and Berdanier, 2015

A lower blood glucose concentration is achiewden glucose is absorbed in a slower
rate in the small intestine (Figure 1). This is observed when consumin@ldaods. Low Gl

foods reduce the postprandial rise in insulin and gut hormones.
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Figure 1. Effect of a dietith a (A) low glycemidndexand (B) high glycemic index and
glucose absorption over time after consumption (Jenkins et al., 2002).

According to Jenkins et al. (2002), tipeolonged absorption of glucose over time
promotes a suppression of free fatty acids (FF&d aver time With high Gl glucose is
removed faster from circulatigrihenreturrs to or below baseline. This effect is known as
sustained tissue insulinization with suppression of FFA release (Jenkins et al., 2002). Another
effect is an improvedIgcose tolerance in the following meal. This is called the seowl
effect.

Wolever et al. (1988), predicted postprandial glucose responses for breakfast after
feeding individuals with low and high glycemic index meals for dinner. Low Gl foods consumed
at dinner resulted in lower postprandial glucose respbosie for the dinneperiod andthe
subsequent breakfast. Other favorable effects include a redwdtiadipose tissue enzyme

concentrations and reduced fasting blood lipid conceors (Jenkins et al., 2002).
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The Gl concept remains as a topic of public health interest.-Govioods have been
proposed as important components for diets for weight lad®ercise performance (Matthan
et al.,2016). It also serves as the bdsis some fad diets. The term Ofad dietO comprises diet
plans that quickly fade over the tim#llowed by other dieting programs icommercial
publications (Feinman, 2011(ne example of this is THeouth Beach Diet (SBD) (Matthan et
al., 2016). This dieplan was created in 2003 and primarily relies on the restriction of dietary
carbohydrates, the selection of low Gl choices and healthy fats to achieve weight loss
(Anonymous, South Beach Diet, accessed62@halasani and Fischer, 2008)igh-fat, high-
protein, lowcarbohydrate disthaveremainedpopularover the time, lasting longer than other
fad diets(Feinman, 2011). This program operates on the principle that if the diets are very low in
starches and sugars the blood sugar $ev@h fall so low that there is insufficient glucose to fuel
the cells in the body. This state causes the pancreas to produce the hormone glucagon. Glucagon
causes the conversion of stored glycogen to glucose and once the glycogen stores are exhausted,
theliver synthesizes ketones (ketosis) and glucose in a process called gluconeogenesis, from fats
and proteinsrespectively This metabolic process in the context of caloric restriction results in
weight loss (Chalasani and Fischer, 2008; PadJdreorien ad Katz, 2003). A "mild" degree of
low carbohydrate, ketonemia and acidosis induced by a low canadéydiets results in clinical
improvements of glycated hemoglobin (HbAI@¢asurements patients HbA1C s the part of
the hemoglobin that has glucodtaahed to it (Fox and MacKinnon, 2006)bA1C s estimated
to have éweek halflife. Therefore,HbA1C providesa measure of longdgerm glucose conobt
(Chalasani and Fischer, 2008kood control in diabetic patients atefined as<7.0%HbA1C
(Fox and MacKinnon, 2005). According Tithe American Diabetes Association (ADA) level

of 5.7% to 6.4%for HbA1C in combination withimpared glucose tolerancel40-200 mg/dL)
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and impared fasting glucose 100-125 mg/dL)are characteristics of a pde&abetes condition

(American Diabetes AssociatipR014).

Continuous glucose monitors

Continuous glucose monitors (CGM) are federally approved wearable medical devices
that track sugar levels in a continuous ma&mat set intervals of time (FDA, 2017). TiRea2
digital recorder isan example of a CGM (FDA, 2016; Tansey, 2005). CGMs are commonly
composed of two parts: a recorder in the form of a patch is attached to a sensor that has a small
needle that probesto the skin (Bruen et al., 2017). The sensor is able to track the changes in
glucose from the blood or fluid under the skin through an electrochemical measurement that
involves an enzymatic reaction (Toghill and Compton, 2010). When the reaction dtcurs,
produces a measurable electric current. The level of current is related to the concentration of
sugar. Higher sugar level concentrations will produce higher measurable currents that are later
calibrated with an impulse factor andeference value obtad from a finger stick measurement
using a commercially availabtgucose monitodevice(Bruen et al., 2017). Usually CGMs look
like patches and are worn in the abdomen, thigh or inside part of arm (TIME, 2017).

Glucose sensors fall under the categofybmsensors. Biosensor refers to a device
designed to detect or quantify a biochemical molecule (Prasad, 2014). Glucose sensors are the
type of biosensors that are reported to dominate the makkidofvskaet al., 2016). Clark and
Lyons (1962) firs described a glucose monitor based on an enzyme electrode reaction or
amperometric measurements (Park et al., 2006; Toghill and Compton, 2010). According to
TIME (2017), the first CGM was approved in 2005. A list of approved CGMs can be found in

thearchies and current pagesBDA.gov.
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CGMs were originallyintended to continuously record interstitial glucose levels in
persons with diabetes mellitus @M and TDM) in order to offer a more strict control over
carbohydrates consumed. Tracking glucoseslgevcan be a preventive disease marker by
avoiding episodes of either hypor hyperglycemia. This type of prevention has proven to
prolong life expectancy by enabling diabetics to avpiysiological complicationsuch as
diabetic ketoacidosi®r chronicdegenerativecomplications (Ferrante do Amaral and Wolf,
2007, Nathan, 2014). Its use has also been extended to serve as a preventive treatment for
healthy people to keep track of blood sugar spikes and avoidigske associated with
overconsumption ofoods containing highlyprocessed carbohydratésox et al., 2010; TIME,
2017).

Blood based sensors continues to be the gold standard for glucose determination in
diabetes diagnostics and saibnitoring because of high reproducibility and low cost (Makara
et al.,, 2014). Over the years, devices that require blood have minimized the amount of blood
required for a precise reading. The bioengineering industry has also improved the size of the
portable (norcontinuous) measurable devices often by making tlsemaller (Figure 4).
However, the underlying process is still painful and invasive requiring often a pricking process
done multiple times a day. Glucose can also be measured in other body fluids imeasore
way via urine, sweat, saliva, tears and éathair (Makaram et al., 2014; Munje et al., 2017).
Interstitial fluid fluid under the skipand ocular are also examples of biological fluids that can
be used in biosensors (Bruen et al., 2017; FDA, 2016).

Enzymatic reactions allow a change in redtates. This is the common principle for
bloodbased biosensors (Makaram et al.,, 2014). Glucose oxidase (GOx) and glucose

dehydrogenase (GDH) are the most commonly used enzymes that facilitate these type of
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biochemical reactiorfPark et al., 2006;Makaram ¢ al., 2014; Toghill and Compton, 2010).
Figure 2 and Figure 3 depict the enzymatic reaction, taking place in electrochemical glucose
sensors based on enzyme electrodes. Figure 2 depicts the first generation of biosensors, in which
the enzyme glucosexidase was dependent of the reducing reaction from oxygen to hydrogen
peroxide in presence of glucose. Figure 3 relates to the second generation of glucose sensors in
which the oxygen was replaced with a mediator that facilitates the electron transfer loyeated

the redox reaction. Iectron mediators commonly usede ferreferricyanide, hydroquinone,
ferrocene, and variougdox organic dyegPark et al., 2006). In a third generation sensor, the
GOxis directly attachetb the electrod and a number of eleotrrelaying centers to the enzyme

(Park et al., 2006).
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Figure 2. Diagram of the first generation glucose sensors (Park et al., 2006)
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Figure 4. Diagram otie thirdgeneration glucose sensors (Park et al., 2006)
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Although the accuracy of the sensors has improved over the years there can still be a

systematic bias introduced by multiple factors. For exampéepérformance of most continuous

monitoring sensrs ischaracterized by the mean absolute relative difference (MARIARD

implies a documented deviation up 16%20% in approved devigearticularly when readings

are below 100mg/dL (Witkowska et al., 2016). Errors can also be introduced becafise o

calibration and lag. The calibration is a reading obtamethesubjectsby entering a reference

value from a finger stick measuremehnhe accuracy depends on the training and expertise of

each subject. Another contributor to the systematic biasreh a lagging period. In CGM there



can be up to 17 min lag time caused by the passive diffusion of analytes from blood into the
interstitial fluid matrix (Bruen et al., 2017). This is especially significant when dealing with
CGMs that have attached ansiin pump that allow for instant insulin administration as
depicedin Figure 4. In summaryhe overall accuracy & CGMsystemwill rely on the quality

of the sensor as well as the subjectOs finger pricking training skills.
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Figure 5. Finger pric monitor system (left). A. Lancet needle; B. Blood sample orstegt C.
Glucose meter displaying glucose concentration. Continuous glucose monitor (right) (Bruen et
al., 2017).

Factors Affecting Glycemic Index

Literature reports that several factaran affect the Gl values of foods. Some of these
factors include: differences in variety and growing conditions, degree of ripening among the
same food and processing or cooking methods (Adteal, 2012; PiSunyer, 2002; Philippou,
2017). Changes ithe physiological state of foods, for example from green to ripe often denote
the transformation from starch into sugar (JAMA, 2013). This reaction modifies the chemical
content of the food and in result increases the glycemic index value (Allen et H2;, 20

Greenwood, 2013). Free sugars are readily available and are metabolized and absorbed at a faster

33



rate than those with higher starch content (Alleat al.,2012). In this regard, FSunyer (2002),
reports differently. According to the author, gretarchy foods such as bananas have a higher
glycemic index than ripe ones

Raw foods are difficult to digest because carbohydrates are storedfanrthef starch
granules (Alleret al.,2012). During cooking, temperature allows starch granules to sutbll
disruption of the starch crystalline structure. As starch molecules enter the aqueous solution
amylose and amylopectin start interacting with water through hydrogen bonding interactions in a
process called gelatinization (Fennema, 1996). Afteparation cooked foods are often stored
for variable lengths of time under low temperatures. Amylose and amylopectin molecules can
associate to form a gel in a process called retrogradation (Fennema, 1996). The change in
structure of starclseduring gelatinization and retrogradation can have a significant influence on
starch digestibility, formation of indigestible complexes (resistant starches) and degree of
absorption in th gastrointestinal tract (Alleat al.,2012; Greenwoodet al., 20B; P+Sunyer
2002).

Cooking preparation methods can also affect the GE(lpiyer, 2002). According to the
author, the degree of surface exposure and time and temperature exposure to cooking allow
starchy foods to be more hydrolyzed; therefore, more dkildighly processed foods gaire
less digestive processing. This is seen in techniques such as extrusion cooking as well as
canning. These methods allow the starch of rice, potato and corn to be readily digestdet(
al., 1985;Soh and BrandMiller, 1999). The cooling process would reverse gelatinization and
form starches resistant to hydrolysis that cannot be absorbe&liiiper, 2002). Alleret al.

(2012) and Soh and Brand/iller (1999) reported no significant differences among potatoes

cookeal by baking, microwaving or boiling.
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Fluorescence imaging or multiplexing and hormones

The fluorescence bead or multiplexing principle follows the premises of OsandwichO
enzymelinked immunosorbent assay (ELISA), with the exception that the antibodiesotire
fixed to the well but to the microsphere and multiple reactions take place on a single well. This is
also known as multiplexingigh-throughput (HTS) assay (Blommel et al., 2004).

The fluorescence bead principle or multiplexing is based on threeemgemFirst,
microspheres (beads) with a distinct color that are fluorescently dyed can be spactniibyed
(Bjerre et al., 2009). The second element is a chamber that allows the imaging of the beads using
light emitting diode (LED) and a chargedupkd device (CCD) camera and lastly, a hsgieed
processor that captures the signal and transndigitally (BIO-RAD Lifescience @oup, n.d.).

The principle is presented as follows; polystye beads with carboxyl groups d@s
surface are coupled witnmtibodies that react against the peptides or proteins of interest (Figure
6 and 7) (&flek et al., 2011; Luminex Corporation, 2017). These beads also contain magnetic
particles (superparamagnetic nanoparticles) that can be captured using CCD technology
(Luminex Corporation, 2017). The beads are dy&different intensities of red to neanrfrared.
This allows the beads to be identified in the chamber by the concentration of the dye (Figure 8)
(Bjerre et al., 2009; Luminex Corporation, 2017). Another charitic of these beads is their
large active surface that alloi@ the immobilization of different antibodies further recognized
in a magnetic field (Egu’laz et al., 2010; &*lek et al., 2011) The color process is repeated up to
three times to allovior 3 dye concentrations (Figure 9 and 10). Different concentrations of red
dye on the fluorescence pattern (635 nm) relate to different antibodies (bead classification =
assay identification) byarrangingthe beads in a map (Figure 10). Green (532 nm) LED

determinedf the analyte of interest (hormone) is present or not. The software then processes the
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image and quantifies the concentration of the analyte with a standard concentration curve. The
software presents the data in median fluorescence intensitg (MFI) as well as the
concentration in pg/mLThe concentration of an analyte bound to each bead is propothona

the MFI of reporter signal (BIERAD Lifescience @®up, n.d).

Other technigues used to measure peptides and hormones that could be dameldge
example: immunofluorometric assays and mass spectrometry; however, one limitation can be the
limits of detection, which are often in the very low range of picomolar or picogram (pg) and
these limits are often not low enough to measure certaitidpssuch as parathyroid hormene
related peptide (PTHrP), which is representative of early stage cancers, as well as other
hormonesuch agestosterone, prolactin and cortisol (MoregBozmin et al., 2012; Otieno et al.,

2016).
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Figure 6. Carboxylgpups on the surface of beads allow for the addition of antibodies (Luminex
Corporation, 2017)

Figure 7. Antibody reacting to protein of interest (Luminex Corporation, 2017)
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Figure 8 Dyes of different intensities represented from A.tBelds can also be identified with
two dye concentrations (Luminex Corporation, 2017)
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Figure 9 A tri-dimensional representation of bead actual identificgtiaminex Corporation,
2017
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Figure 10 ELISA sandwich immunoassay (BIRAD Lifescience @oup, n.d.)

The assay follows the sandwich ELISA principle (‘fadkovi et al.,20The magnetic
colored beads are covalently coupled with antibodies against the hormone of interest @Egu’laz
al.,, 2010; 'adkovt et al., 2015). A series of washes are necessary to remove the unbound protein.
Later, a biotinylated detection antibodyaidded to the solution to create a sandwich interaction
(Figure 11). The end step involves the addition of streptayldytoerythrin that serves as the
fluorescenindicator (BIORAD Lifescience @oup, n.d.; Bjerre et al., 2009; More@uzmin et
al., 2012) Some hormones can be quantified ustngultiplexing high-throughput screening
technique.

Hormones act like chemical messengeansthe body(Gropper and Smith, 2005).
Hormones are derived from amino acids, cholesterol or from phospholipids; however most
hormones can be found in the form of peptides or proteins ranging from thre® aids to
over 200 (Nussewnd Whitehead2001). Multiple hormonesregulate the glucose metabolism
after the consumption of mealBgrg et al., 2002).All proteins aremade up of amino acid

residues covalently linked in a sequence otldat is ultimatelydefined by data informatiothat
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reside within our genes (Whitford, 2009he amino acid sequence of a protein is read from left
to right and are always formed by N, C&d C atomgWhitford, 2005) Hormones are
organized and act in a conedimanner; therefore, an abnormality imyaof them often results
in the lack of control of any other or several different hormones (NasskyVhiteheao2001).

Polypeptide hormones are synthesized by ribosomes dsopr®nes and are further
processed in the endoplasmic reticulum and Golgaigtps to form mature hormones and then
packed in secretory granules to await the signal for their release by exocytosis (Voet and Voet,
1990). In this regard, islet cells in the pancreas, function as a natural glucose sensor (Gropper
and Smith, 2005). Usmlly, after the immediate ingestion of meals, blood sugar levels are high.
Under these circumstances, glucagon levels are decreased and insulin is releagaddreatic
I'-cells

Insulin is an example of pancreatic peptidéormed by approximately 50nano acid
residues with a molecular mass of 5{0¢hitford, 2005) It contains two polypeptide chaios
subunits joined by disulfide bonds between two cysteine molecyldasseyand Whitehead
2001; Whitford, 2005). Insuh is secreted from pancreatiecklls in response to increases in
blood glucoseand signaling through thg@arasympathetic nervous systéBerg et al.,, 2002;
Fruhbeck, 2009)It is the product of a longer derivative known as preproinsiWitford,
2009. Preproinsulin contains 110 arpinacid residues and undergoes changes across the
endoplasmic reticulum membrane into the lumen where cleavage by proteases leaves the OproC
insulin moleculgWhitford, 2005. A fragment known as the-@eptide is releasethsulin and €
peptide represem5EB0% of the totalpancreaticcells (RSder et al., 2016). nsulin remains
inactive as a hormone and in high concentrations in the pan@kédatsord, 2005. After food

intake, in the presence of insulin, insudiansitive tissuel®cated mostly in muscle drfat tissue
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take upthe ingested glucose, where it is metabolized by the cell and excess energy is stored
(Whitford, 2005; Fruhbeck, 2009%lucagon is insulinGunter regulatorjnormone (Nussey

and Whitehead2001). It consists of a single polypeptein (Gropper an8mith, 2005) and it

is secreted by the-8ells of the pancreas. These cells repre$8B20% of the total pancreatic
function RSder et al.,, 2016). Glucagon is secretad response to low bloesugar leves
particularlyin fasting state The starved state signals liver reserves to mobilize glycogen stores
(Voet and Voet, 1990; Berg et al., 2002). Berg et al. (2002), explanssili® initiatesa protein
kinase cascade. Insulin stimulatdgcogen synthesis in both muscle and the lara suppresses
gluconeogenesis by the liver. Insulin also accelerates glycolysis in the liver, which in turn
increases the synthesis of fatty adisGlucagon is secreted in response to low blood glucose
levels and stimulates the liver to release glucos¢ecnles through gluconeogenesis and it
stimulates adipose tissue to release fatty acids through lipolysis (Voet and Voet, Fefil3).

with low to moderate Gl are characterized by a slovate ofcarbohydrate absorptioand
slower rises in insulirhave leen shown to produce beneficial effefds exampleon glucose
control, nsulin resistance, blood lipid profiles, satiety and other prevewtivenic diseases
(Jenkinset al, 2002 Philippou, 201Y.

Leptin is a bioactive protein secretéy the adipose tissue or an adipokine (Trayhurn,
2011). It is al67amino acid protein produatainly synthesized and secreted into the circulation
from white adipose tissue (Dardeno et al., 2010; Klok et al., 2007; Zhang Ed%), Leptin is
also praluced in small amounts in other human tissues such as in the stomach, the mammary
tissue, ovaries, placenta, heartbone marrow and lymphoid tissu¢Bardeno et al., 2010;
Trayhurn et al.,, 2001 Low insulin levels in combination with the satiety factdeptin, are

considered the most important letegm regulators of energy balan@euhbeck, 2000 Both act
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on the central nervous system to inhibit the intake of food and to increase energy expenditures by
stimulating the production of leptin from adipossstie via OacceleratedO glucose metabolism
(Fruhbeck, 200Q

Ghrelin, is a peptide of 28 amino acids that acts as a hormone produced in the endocrine
cells of the gastric mucos®Vierupet al., 2002). Ghrelimcreases food iake and decreases fat
oxidaion (Wierupet al., 2002Fruhbeck, 200Q Recently, it has been seen tghtelin-secreting
cells mayalso constitute a new islet cell typae the pancreas representing less than 1% of the
islet cells Wierup et al., 2002;RSderet al., 2016) Ghrelin may have an anabolic rola the
regulation of energy homeostasis rats,it caused changes in body weight gain and increased
adiposity (Wren et al., 2001)

Glucagonlike peptidel (GLP-1) and gastric inhibitory peptide (GIP) are bo#teased
by endocrie cellsin the terminal small intestine. The function of GLRs toinhibit feeding
either by acting upomepatic site or by inhibiting gastric emptyingFruhbeck, 200 GIP is
also a potent inhibitor of gastric acid secretion and gastric emptying.ueggwee main function
of GIP is to stimulate pancreatic insulin release (Voet and Voet, 1990). The release of GIP is

stimulated by the presence of glucose in the gut.
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Tenebrio Molitor L. and Entomophagy

Background

The consumption of insés is khown asentomophagy Edible insects have been
consumedfor a long time in the traditional diets of many Adestern countries, but more
recently, the Food and Agriculture Organization of the United Nations (FAO) singled them out
as havinga high potentialto treat malnutrition and food shortages without requiring large
amounts of land or infrastructureafh Huis et al., 2003The larvae offenebrio Molitor L., the
mealworm,have been processed todmhigh inproteincontent as fish and meat. Thase al®
fairly high in faty acids especially polyunsaturat@mnega3 and6, comparable with the content
of fish and higher than in beef and pork. They possess a variety of vitamins and minerals such as:
magnesium, copper, iron, manganese, phosphorus, selamdnzing as well as, riboflavin,
pantothenic acid and biotin (Nowak et @016 van Huis et al., 2013; Zhao et al., 2DIbhese
gualities would make them possibldood ingredient in the Ufbasedn current novelty trends)
if the US consumers wouldcknowledge and learn to accept indeted productsRumpold
and SchiYer, 2013. In areas where insects are a traditional part of the giecessed

mealworms can be used as a successful ingrediemeangency reliefneals.

History

Humans have coosed insects for thousands of years. Durst and collaborators (2010),
made reference to insect consumption tefohristian times by Europeaard its consumption
has also been described in the Bildleey have been generally consumed in very poor coantrie
(Aguilar-Miranda, 2002) or reared &sed for reptile, fish and avian petsdeveloped countries

(van Huis et al., 2013)Historically, insects have been eaten in Africa, Asia and Latin America
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(Alves et al., 2016). Currently, there are more tl2a000 insect speciesonsumed in113
countries all over the worl(Rumpold andSchliiter, 2013). The consumption of whole insects
and insectontaining foods historically have had low acceptance in countries in the Western
world. In view of the increasing watlpopulation demands for protein with low environmental
impacts, proteins extracted from insects can have diverse applications and might potentially have
greater success for acceptance as an ingredient for human foods (Alves et al., 2016; Zhao et al.,
2016.

The concept of OmitivestockO or insect farmiriga low-tech activity and requires low
capital investmentConventional forms ofarming insects for food and feedclude rearing
honeybees,producing silk from silkworms and scalingsectssuch ascochineal from which
carmine dyas derived. @rminedye isa red colorant widely used in the food industry (van Huis
et al., 2013)At present insects are not part of the Western diet. It has been speculated that there
are several reasons for this. Fomample, insects were not included in thlant and animal
domestication pattern. Historically, only large animals (and plants) were domesticated
particularly by Europeans conquering the new world. Domasiimals provided invaders with a
stable food sugdp, which is evidenced by their worldwide conquests. van Huis and collaborators
(2013) suggest that without European colonization and imports the domestication of edible
insects would havbeen more advanced and widespread for multiple species.

Insects also do not reproduce well during low temperature sgagich results in long
insectless winters. Alspinsects present the difficulty of being collected. Ease of access and the
total guantity accumulation for the task seems a complication for insects as human food (Durst et

al., 2010).
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Tenebrio Molitor L.

Among edible insecisthe larva or yellow worm oflenebrio Molitor Linnaeus (7.
molitor), 1758 (Coleoptera, Tenebrionidae) motable It is approximately, 2.50 3.5 cm in
length with a weight of approximately Og2(Aguilar-Miranda, 2002; Alves et al., 2016). As an
edible insect it is currently harvested and consumed in countries in Africagigidustralia
(Alves et al, 2016. In the literature of the reported cases of uncontrolled-lpastest pestsl.
molitor iIs among the largest beetles thahinfest food products in warehouses, mainlgereal
and othergrain warehousescausing approximatel$0% loss of produmn when infesations

occur(Aguilar-Miranda, 2002; Alves et al., 2016; van Huis et al., 2013)

Meal Worm Growth, Rearing and Processing

Typically, the life cycle off. molitor can be described as the following: the bedikgn
to lay eggsafter4to 17 days after copulation. A single fembketlecan generate an average of
500 eggs. The embryonic development lasts from 4 to 6 days, wéduacbhe accelerated with a
slight increase in temperature (25 to 27;C). Larval period is aboubdr8hs. A this stage, the
insectcan be harvested, processed aodsumedLarvae not harvested after this phase will turn
into a pupa, a stage that lasts 5 to 6 dayd culminates in an adult individuglves et al.,
2016). Because of this life cycl&, molitor is holometabolousHolometabolous insectsdergo
a true metamorphosis from ety larva to pupa to adult. émimetabolous insectsmdergoan
incomplete metamorphosis from egg to nymph to a@Riimpold andSchi¥er, 2013).Insects
undergo a metamorphosigth different development stageln the study yellow mealworms
developed in 12 to 32 weekSonincxet al., 2015)

Chemical Composition
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A summary of thenutritional components found idried nealworms can be found in

Table 2 Mealworms are considetea nutritionally dense form of energyich in protein, fats,

micronutrients and dietary fiber (AguitMiranda, 2002; Rumpold andchliter, 2013).

According to Zhao et al. (2016) mealworms are composed on the average of 15% fat and 20%

protein. Nowak et al. (2016) reported 24439 kcal for 100 g; pratin values in larvae from

13.68to 22.32 g/100 g.

Table 2. Nutritive valueni 100g of mealworms, fresh weight

Proximate Nowak, 2016 Payne et al., 201({ (Different authors)
50
Moisture (g/1009) 62+456 Not available | (mealwormcare.org
2016)
213
Energy (Kcal/1009) 214 2471 (mealwormcare.org
2016)
. 14 to 25
Total Protein (g/1009) 13.88-22.32 194 van Huis et al., 201:
Total Fat (g/100g) 13
g g 13.07+3.88 12.3 (mealwormcare.org
2016)
: 3
Carboydrate (g/100g) 3.61 Not available van Huis et al.. 201
Total Dietary Fiber 238+ 0.21 Not available 2

(9/1009)

van Huis et a] 2013
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Lipid

Lipids are macronutrients compounds that are generally soluble in organic solvents and
are the major components in adipose tissue, formed by long chains of carbon and hydrogen
atoms (Fennema, 1996). Compared with 4 kcal/g from thekdoean of carbohydrates and
proteins, the complete oxidation of fatty acids provides a high caloric content of 9 RByaldg (
Bredbenner2009). The term lipid encompasses molecules such as sterols, glycerols, fatty acids
(including tri, di-, monoglycerids, phospholipidsand othersSterol lipids, such as cholesterol
and its derivatives, are an important component of membrane; llmasever, kcauseof their
function asenergy storagetriglycerides arehe lipids that comprise the bulk of storage fat in
plant andanimal tissuesThey can either be solid or liquid at room temperature (Fennema,
1996). Dietary lipids are important in nutrition. They supply calories, essential fatty acids,
increase palatability of foods and serve as vitamin carriers. Arfatglare typically solid at
room temperature and consist of saturated fats, which are characterized by onlyt@adybon
single bonds. This characteristic allows them to have a relatively high melting point (Fennema,
1996). Plant oils, however, are ted from seeds and tropical trees, liquid at room temperature
with a narrow melting range given by their nature of unsaturated fats, which are characterized by
the presence of double bonds along the chain of fatty acids (Fennema, 1996). Phospholipids are
lipids containing phosphoric acid as part of their structure where either one or two hydrocarbon
chains are derived. Given by this structure, all phospholipids contain a polar head and one or two
hydrocarbon chains (Fennema, 1996).

Fat values for larvae slw an ample rangéom 8.90 to 19.94 g/100 @Nowak et al.,
2016); howeverZhao et al. (2016), repoetd 33% for fat analyed with continuous organic

extraction Such great variability is explained by Nowak et al. (2016), that points out the
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variability could be given by differences in average weight, agsize and different diets being
fed to mealworms. Mealworms contairlaage proportion of longeunsaturated long fatty acid
chains particularly ofoleic acid(18:1) and linoleic acid18:2 or r6) (Aguilar-Miranda, 2002,
Oonincxet al., 2015). AguilaMiranda (2002) also reported a small but significant amount of
linolenic (C18:3 n-3) found in T. molitor. Monoursaturated fatty acid§MUFAs) and
polyunsaturated fatty acid®(JFA9 are considered hithy fats andhave been proven w@d in
lipid lowering and prevention of cardiovasculdisease (CVD) Byrd-Bredbenner 2009. T.
molitor provides considerable amdsnof PUFA (3.1¥6.75 g/100 g in fresh weight basis
representing between 21% and 62%aélt lipids. Rumpold and SchiYter (2013) in their review
reported a mean PUFA content of 27% of total lipid for the insect order Coleoptera, which lies
within the range of findings; however, the range within this group was very widd%3.28%
PUFA of tdal lipids) (Nowak et al., 2016 Polyunsaturated and monounsaturated fatty acids
oxidize more readily than saturated fatty acids releasing unpleasant odors and off flavors. This
phenomenon is known as rancid({fyennema, 1996 FEuropean Food Safety Auttity (EFSA)
mentions speciatonsideration when processing insect food products because of the high
amounts of unsaturated fatty acids present that give rise to rapid oxidaimsingfoodsto go
rancid quickly(EFSA, 2015) According to van Huis et g2013), mlyunsaturated fatty acids
mealworm compositioare mostly foundn the phospholipids.
Protein

Proteins are essential in biological systems. Amino acids are the basic structural units that
can be conformed in primary, secondary, tertiary waternary structures. Of the 20 amino
acids, 9 areconsidered essentilecause thegannotbe synthesizd by humans. These are:

phenylalanine, valine, threonine, tryptophan, isoleucine, methionine, leucine,, lyside
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histidine(The National Academicsf Science, Engineering, Medicine [NAP], 2015). Basic units
align in highly complex polymers with a multitude of thhidiemensional structural forms that

give proteins different functionality (Fennema, 1996). Examples of proteins include: enzymes
that arecatalyzers in biochemical processes, structural proteins such as collagen, &arhtin
elastin that function as structural components of cells and complex organisms, contractile
proteins like myosin and actin. Other examples include hormones, allergeihedes and
storage proteins such as albumin, ferritin and others (Fennema, 1996).

When ingested, the nutritive value of proteins would depend on several factors, for
example: protein content, which varies widely among all foods, protein quality, WlpEnds
on the amino acids present (essential or nonessermatial)digestibility(van Huis et al., 2013
Animal sources tend to deliver all the essential amino acids (NAP, 2015). Other protein sources,
such as fruits, vegetables, grains, nuts and sketsof one or more essential amino acid. These
protein sources are considered incomplete proteins (USDA, 2016). Other factors that affect the
nutritive value are whether the quality complies with human needs and protein digestiaility (
Huis et al.,, 203). According to AguilasMiranda (2002) and Nowak et al. (2016), when
calculating protein content for mealworms, the applied nitrdggmotein conversion factor
used is 6.25.

Insectscould bepreferable to other animal proteinsReadyto-Use Therapétic Foods
(RUTF) applications because less land is required for raising insects compared to typical meat
sources (an Huis et al., 2003 They can potetially be raised more cheaply.o& has
historically prevented treatments fonoderately acute malnuion (MAM) to include products

with milk or other animaproteins from being successfubf Huis et al., 20103

49



The protein content of a variety of insect orders has bleegrminedoetween 13 and
77% of dry matte(EFSA, 2015) Tenebrio Molitor reportsvalues around 3.68 to 22.32 g/100 g
fresh weight Nowak et al., 2016). However, according to Zhao, et al. (20%8),0f the dry
matterof yellow mealworms wasrude protein (CP) (51.4%). This value is much higher than the
one reported by van Huis et a)2013); as some neprotein nitrogen, including chitin is present
in mealworms. Therefore, CP value over estimated the actual total protein cdbtdabptera
larvae was reported by van Huis and collaborators (2013) to contain betwaad 25lg/100 g
fresh weight.The discrepancies in protein amounts could be due to differences in methodology,
which was not reported for all studida generalthe protein content of insects is higher than
most plantsand protein from insect includes around 3%@opercentf all thetypes ofessential
amino acids (Durst et al., 201@&ccording to Nowak2016), poteinvariesin larvaefrom 13.68
to 25.009/100 gof edible portion (EP).According to van Huis and collaborators (2013), these
values are o$ignificance for labeling purposes. Codex Alimentariv®(d Health Organization
[WHO], 2007) specifies that a food containing 5 g protein/100 g can be labeled as Okource o
proteinO and a food containing 10 g/100g can be labeled as Ohigh in proteimdingh¢o
results from Nowalk et al. (2016), all metamorphic stageg forolitor can be regarded as high
in protein. Besidesoverall content the amino acisl preseh determinesthe protein quality.
Tryptophan, lysingeand hystidineare the amino acedmost commonly mentioned as limiting
amino acids of insect prote(tFSA, 2015) In generalthe levels of essential amino acids in
insect meals areften compared to and higher than soymeal in FAO food composition tables

(EFSA, 2015)
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Carbohydrate

Carbohydrates are widely available in nature, abundant and inexpensive. The elemental
compodgion is carbon atoms along with hydrogen and oxygen (Fennema, 1996). A great
majority of carbohydrate compounds in living organisms are found in the form of oligomers
(oligosaccharides) or polymers (polysaccharides) of simple or modified sugars (Fennema, 1996).
Carbohydrates are the least abundant macronutrient foundalworms. According tdhaoet
al. (2016), mealworm larvae contain up to 10% of other composecitsas carbohydrates and
vitamins. Most of the carbohydrateare thought to comdrom food remaining in the
gastointestinal tract of the larvae; hence the importance to purge prior processing (Durst et al.,
2010; Zhao et al; 2016). When rearing mealwother diet mainly consistef wheat,wheat
branor oats (for beddingand carrot, which have a high content of carbohydr@kaoet al.,
2016) According to Durst et al. (2010) the different types of edible insects differ in composition
and their carbojdrate contents also vary between 1 and 10 percent. Coleopteran order has an
average carbohydrate conten2o81% on a dry weight basis (Durst et al., 2010). Insects include
the bodiesand skin which arerich in chitin The content averages betweearis 15 percent
(Durst et al., 2010)Chitin contains nitrogen, ithe second most abundant polysacchafide
Huis et al., 2018 It is a naturally occurring polysaccharide of glucosamamepmponent of
fungal cell walls and the exoskeletons of insectd erustaceans (crabs, lobsters and shrimp)
(EFSA, 2015 Whitford, 2005. Chitin and the derivative chitosan am®duced commerciallyoy
the deacetylation of chitin(EFSA, 2015 van Huis et al., 20)3 These components have
immune modulatory propertieshat can trigger an allergic reactjomlepending on the
administration route and the size of the chitin partichkescording to van Huis et al. (2013),

chitin in medium and largsized particlesre considered to induce allergic inflammatioran
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Huis andcollaborators(2013, mentioned that chitin isonsidered idigestible for man and

animals andnay decreasdeé insect protein digestibility.
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Vitamin and Minerals

Most insects appear to be good sources of trace elemaatit@sron, zinc, copper,
mangaese and seleniuf@urst et al., 2010; EFSA, 2015). molitor larvaechave notable
amounts of calcium, zinaron, andmaghesium(Nowak, et alet al., 2016).

Insects, in general, have been shown to be low in calcium since they do not have an
internal &eleton (Nowak et al., 2016). In the study®gnincxet al. (2015) there was a strong
correlation between the phosphorus and crude protein comtenbrding to Durst et al. (2010),
edible insects are also rich uitamin A, andvitamins B, B, Bs, D, E, K andC. However,

EFSA (2015) considers information antamin content in edible insect®o insufficient at
present.

According to the definitions for labeling from Codex Alimentarius (WHO, 2007), a solid
food product is a source of protein, wheme tfbrotein content is at least 10% of the Nutrient
Reference Value (NRV), and a source of vitamins and minerals, when the content is 15% of the
Nutrient Reference Value. A food product may be labeled as OhighO in a nutrient, when the
nutrient value is twicehe value required for a OsourceO. Table 3 summarizes the values for
vitamins and minerals that could be labeled as Osource ofO or Ohigh inO according to the data
found in Nowak et al. (2016) for mineral and vitamin content of larva&eeébrio molitor

compared to the limits for the label according to Codex (WHO, 2007).
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Table 3. Mineral and vitamin content Bénebrio molitor in 100g, fresh weightNowaket al.
2016)

‘Source of’ ‘High in’
Nutrient Content According to According to
WHO (2007) WHO (2007)
Iron(mg) 1.89+0.93 2.10 4.20
Magnesium (mg) 9200+ 8 8 45.00 90.00
Zinc(mg) 4.33+0.72 2.25 4.50
Riboflavin (mg) 1.21 0.24 0.48
Niacin (mg) 4.10 2.70 5.40
Folate (pg) 137.00 30.00 60.00
Vitamin B12 (pg) 0.30 0.15 0.30

Food Safety Quality Concerns

Edible insects are relatively novel ingredients in industrial food processing. It is
important to be aware of potential biological, chemical as well as allergenicity and other food
safety hazards related with insects reared as food (EEBA). The microbial flora of insects is
composed ofthe following bacteria Staphylococcus, Streptococcus, Bacillus, Proteus,
Pseudomonas, Escherichia, Micrococcus, Lactobacillus and Acinetobacte (EFSA, 2015). EFSA
(2015 also states thapathogenic bderia of insects (entomopathogenic) are regarded as
harmless to animals and humans due to the fact that the hosts are so phylogenetically different
Any of the bacterial hazards and their derivative toxins that can dfteoans and animals
related to insets are mainly related and originateétom a residential microbiota (natural or
accidental) related to the rearing conditions (substrates and feed), handling, processing and
preservation

In this regards, research has shown that insects can pose a angmficrobiological
threat when used for food purposes and reared in improper conditions (Rumpold and Schluter,

2013). The main pathogens of concern with mealwormsEarerobacteriaceae and spore
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forming bacteria, which are found in the fresh insects\al$ standard for food harvested from

the soil. Crushed mealworm larvae can have higher counts of viable bacteria, which likely result
from the release of intestinal microbiota (Klunder et al., 2012). In previous research,
Enterobacteriaceae were killed ly boiling the insects, but not completely during roasting. Thus,
lower-temperature roasting may not be sufficient and a blanching step in boiling water may be
necessary prior to lowemperature roasting (Klunder et al., 201)lmonella spp. may be a
potential concern, asSalmonella can survive in low water activity products with high lipid
content, a category in which mealworm flour might {&ntillanaFarakos et al., 2014).

The US Food and Drug Administration (FDA) has no special certificationgdible
insects, as it requires all food processing facilities to meet the same requirements, and under the
European Commission's 2015 Novel Food Regulation, insects fall under the category of Onovel
food with a history of food use in a thirdforld] country [that] has been and continues to be part
of the normal diet.O Foods in this category require a demonstration of Othe history of safe use,O
which requires documented compositional data and wide experience of use (Belluco et al., 2013).
However, the ldc of specific regulatory guidance has caused issues for investors, farmers and
entrepreneurs who are willing to build industisahle inseetearing plants for food and feed
(van Huis et al., 2013

Another issue of concern is potential allergens. Altloagy food can potentially be
allergenic, arthropods and shellfish very commonly cause allergic reactions due to seme non
protein nitrogen, including chitin (Belluco et al., 2013). While some people have a history of
allergic hypersensitivity, it is alspossible to develop serious allergic sensitivity through-ong
term exposure to an allergeva( Huis et al., 2003 A large majority of relevant allergen cases

have been due to inhalation or direct and routine contact with the insects. According tossan Hui
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et al. (2013), the likelihood of people having a significant risk of allergenic reaction is small
especially for individuals that have no previous history of arthropod allergies or allergen
sensitivity. Like other proteisontaining foods, arthropods catso induce allergic reactions in
sensitive humans. This is a response mediated by immunoglobulin E (IgE). Particle size of chitin
seems to play a role. A review of the immunological response to chitin in inducing asthma and
allergies revealed that thesponses appeared to depend on the particle size of the chitin.
Mediumsized chitin particles induce allergic inflammation, while srsgdéd chitin particles
may have the reverse effect of reducing the inflammatory respaaséi(iis et al., 2003

The impmrtance of hygienic handling and correct storage was highlighted by Klunder et
al. (2012) study to determine the microbiological content of farmed yellow mealworm larvae
(Tenebrio molitor) and house cricketsi{heta domesticus). Boiling the insects in watdor a few
minutes eliminatedEnterobacteriacae. Alternative preservation techniques that do not involve
the use of refrigeration are drying and acidification. Lactic fermentation of composite flour/water
mixtures containing HPO percent powdered roaste@alworm larvae showed successful results
in acidification which resulted in longer shéife and safety by the control of enterobacteria and
bacterial spores (Klunder et al., 2012).

In another study, chemidgdhysical and microbiological analyses of fledowing five
insect species with rearing potential were carried out, on supeniogmobas morio), yellow
mealworm (enebrio molitor), wax moth Galleria melonella), butterworm Chilecomadia
moorei) and house cricketd¢heta domesticus). Neither Salmonella nor Listeria monocytogenes
were identified in the analyzed samples and it was concluded that it is unlikely that these insects

attract microbial flora that pose risks to humans. However, it is still recommended that insects
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undergo a transformation tender inactive or reduce their microbial content. This could involve
cooking (e.g. boiling or roasting) or pasteurization (Giaccone, 2005).

Exposure of insects to contamination can lm@asequence of the contamination of the
substrate used which canntain pathogens and allow their multiplication to an extetich
depends on the characteristics of the substrate (ESESA, 2015) Insectspossess the abilityp
convertlow organic material into high qualiipgredients. Bod waste and manuege conmon
substrates for rearing insects. There is a possixerrence of microbiologicalontamination
when usingprotein of animal originEFSA, 2015). It is important to consider thges of
organic materialgn which insects will be reared.

Prions are mteins that act as infectious pathogduslike other infectious ants, such
as bacteria, viruseand fungi, prions do not contain gendhformationsuch as DNA or RNA.
Prions contain their genetic information encoded within the conformatistnatture and
posttranslational modifications of the proteiiidas and Zou, 2016)'he possibility of finding
prions in noRprocessed insects is related to whether or not the substrate sooraginated
from protein of animal origia (EFSA, 2015).

According toEFSA (2015), dta on he transferring from substrates to insects reared on
chemical contaminants is very limited. Yang et al. (2015) reported the presepalystyrene
(PS) degrading bacteria in the guts of mealworms. Gut bacteria found in mealwornabldce
depolymerize PS into carbon dioxide, according to the analysis fromotime fecula When fed
with gentamicin(antibiotic) the strain ofxiguobacterium sp. strain YT2 was suppressed and
mealworms lost the ability to depolymeriZéhe bacteria fawd in mealworms created holes and

cavities from(0.2%0.3 mm in width{Jigure 2).
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Figurell Gut bacteriunkxiguobacterium sp. strainYT2 digesting polysterene (Yang et al.,
2015)

Role of Insects as Food and Feed in Food Security

In contrast to lager domestic food animals where some parts are not economically
feasible to use and are almost unusable as food, for example: bones, blood and offal; the entire
insect can be used or processed into food (Durst et al., 2010). Insects are a potentiaitivénov
food and feed source, especially with the increasing demands for alternative protein sources
worldwide (Rumpold andchliiter, 2013) as they are rich in proteico(nparableéo meat and
fish) (Durst et al., 2010), fat, minerals and vitamilmsects are known to have higher feed
conversion efficiency. This means that, insects require less amount of febd fmoduction of
dry matter (Rumpold an&chlYter 2013). Insects also have a much higher reproduction and
fecundity rates with shorter life cycles (Durst et al., 2010). For example, beeflesuofitor
would reach adulthood in a matter of weeksen compared to months taken by an adult bird or
years taken by ruminants (Belluco et al., 201B)molitor femalebeetles would layn average
of 500 eggs(Alves et al., 2016). Moreover, larvae from mealworms can be protected from

diverse climate catitions: drought, heat and predation with simple techniques such as cloth to
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cover the containers or to provide shade to their shelters. Edible insects for this reason are
unlikely to be affected by abrupt climate changes or environmental calamities. dvi@alwior
example, are more drougtgsistant than cattlesgn Huis et al., 20)3with the advantage that

theycan be fed on lowalue organic waste strearyielding similar nutritional values.

Ready-to-Use Therapeutic Foods (RUTFs)

There are aaumberof existing products to treat malnutrition due to food insecurity,
including RUTFs, which are usually pastes or drinks that cadideetly consumedwithout
further processing; Fortified blendedods, powdered products mostly intended to be cooked as
porridge; and other dietary supplements (Annan et al., 20IA¢ World Food Program (WFP)
is a United Nations agency in charge of procurement, logistics and distribution of these fortified
blended foods (WFP, nd.).

The majority of these products, due largalycbst constraints, ease of processing, and
nutritional density concerns, have fairly similar ingredients. Most are comprised of low cost
vegetable protein or grains, some form of milk powder or whey protein isolate, vegetable oil,
micronutrient fortificaions, and sometimes sugar (Annan et al., 2014). Examples of these
products includenutributter and plumpy’'doz (WFP, nd.) RUTFs resuls are effective for
moderate acute malnutritio™MAM ) interventions. Isanakat al (2009) reports an increate
weight fa height zscore [WHZ] after a shoterm (3 month) intervention improving nutritional
status, mortality, and morbidity in childrerDairy protein is a nearly ubiquitous ingredient in
these products due to the fact that multiple studies have shownetaddhion of milk powder
as a replacement for cheap vegetable protein like corn or soy increases weight gain in the

malnourished children being treated (Hoppe et al., 2008), and that higher concentrations of milk
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protein compound this effect (Oakley et, &010). Higheiquality protein (which has a higher
concentration of essential amino acids) from milk provides more of the necessary amino acids
without increasing satietypy adding more overall proteirPlant products contain higher
concentrations of anhutrients than milk does (Hoppe et al., 2008). Thus, whilgegetable

foods for treating MAM are available and cheaper to produce;lmailed products are generally
regarded as the best option.

Formulation of these supplemental foods remains a focasgning research, however,
as the existing products and programs are far from perfect. There are some tebhti@ayes
when addressing RUTFsoFexamplefinding the nutrients that will be delivered in forms that
the human body caabsorb (highly mavailable). Another challenge remains formulating
fortified products without unpleasant tastesodors. This can occur when adding fortificants to
food and beverages and designing a stable nutrient debystgms, preventing changes in a
nutrientOs @mical composition.

The use of local food products to increase the acceptability of RUTFs as well as reduce
costs is gaining popularity as an idea, although the predominantly distributed products are still
mainly made of nothocal vegetable proteins likeoy, corn, and peanut with dairy, another-non
local ingredient (Annan et al., 2014; Bechman et al., 2015). Often, the cheapest possible products
that meet nutrient guidelines are unfamiliar and unappealing with high amounts of waste stream
protein like whg isolate and oil sources (Weber and Callaghan, 2016). Existing RUTF
formulations have had some success increasing acceptability for children with sugar content as
high as 28%, but the success does not extend to adults suffering from MAM. HIV patients and

pregnant or nursing mothers (Dibari et al., 2012) also commonly suffer from malnutrition but are
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rarely the target audience when RUTFs are being developed because of the focus on child
nutrition (Annan et al., 2014; Bechman et al., 2015).

Texture is anothreexample of the way that RUTFs are rarely developed with adults in
mind. Texture is a concern, which has been studied in the formulation objpasid RUTFs, but
products are optimized for a texture, which can be squeezed out of a package withotiiddeing t
enough to present a choking hazard to young children (Bechman et al., 2015; Dibrari et al.,

2012).

Edible insects for RUTFs

Edible insects have been traditionally consumed and recently have attracted interest to
possibly treat malnutritiorand food shortages. Rearing mealworms is part of the concept of
mini-livestock with the benefit of not requiring a large amount of land or complicated
infrastructure. Moreover, insects are considered as suitable alternatives to conventional animal
proteinsources comparable to fish, chicken, pork and beef. The farming of mealworms for food
can lead to lower emission of greenhouse gases and ammonia when comparing to the emissions
from cattle or pigs farming and higher efficiency in converting feed toiprdtea way to secure
food, this is a lowtech activity that requires lowapital investmentvan Huis et al., 2013
From a food safety standpoint and based on the food safety quality considerasaass can
be regarded as safe, if properly managedred and consumed. Moreover, in order to reduce any
risks associated with safety consumption and achieve a-guoiglity nutrition product,
microbiologicallysaferearing, harvestand postharvest technologieare required. In order to
make the massrpduction and consumption of insects more attractive as well as more

competitive with regard to other animal proteins such as meat or fish, it is necessary to continue
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researching rearing and harvesting practices, as well ashgstst processing tecHaogies
including the automation and extract of protein, fatty acids or micronutrient production while

ensuring an ingredient that is safe for food and feed consumption.
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ABSTRACT

Background: Glycemic index (GI) is derived from a ratio thahka carbohydrateontaining
foods and classifies them according to their immediate effect on blood sugar level into low (55 or
less), moderate (569) and high (70 or above).

Objective: The purpose of this research is to study the Gl for four types of fudlingredients
derived fromsweetpotatdchips, fries, dehydrated granules and juice) and compare them to a
similar food derived from white potatdhe performance ad continuous glucose monitor was
ases®dand compared to readings obtained by the official glycemic index protocol for capillary
blood obtained by fingepricks.

Design: Theinformationwasretrieved through a human subject panel consisting of 10 voluntary
participants.Each subject consuet eight differentfood sample on three separateoccasions

The coefficient of variatiofCV) of the AUC for repeated reference foedas <30, suggesting
adequateaccuracy. Thaylucose responsder each product as well as method aufllection
(finger prick and continuous monitoryere graphed for each individuand te incremental
AUC, excluding the area beneath the fasting levetre calculated bydetermining the
trapezoidal geometrical areas.

Results: Gl (mean+ SBM) for sweetpotatochips was significantly lowerthan white potato
chips with valuesbetween 27.2% 2.92and 53.1Gt 3 respectively Sweetpotatdries and white
potato frieshad Glvaluesaveragingd7.40+ 2.87 and 583 + 4.50 There was no significant
difference between these two produ@sveetpotataranules when compared to whiteofato
dehydrated granuleshad Gl meansof 39.56 + 3.24 andr6.53 £+ 4.19 respectivelyand

sweetpotatojuice GI was 73.85 £ 3.82. For all products, His study found no significant
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differences between data collected from continuous glucose monitor readings and those obtained
from capillary blood.

Conclusion: Gl of SP products are lower than Wiaad laver thanprevious reports for SP
cooked through different methodBifferences may be due to a combination oftdas: fat

content in chipsand presenceof resistant starches or to alteration of starch structure during
processing leading to therfoation of nordigestible complexes and insoluble fibers and-non
digestible carbohydrates in powders and jugevalues for white potato fries remain consistent

with previous Gl values reported intérnational tables ol. Continuous glucose monitors

promise to be a less invasive solution when conducting glycemic index studies.

KEYWORDS: sweetpotatoproducts glycemic indexglycemic response, continuous

glucose monitgrwhite potato
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1 Introduction

Sweetpotates (SP) are cultivated in more than 100 different countries, mostly in warm
temperate, tropi¢aand developing regions (Heuzf al, 2015; Woolfe, 1992). In the U.S.,
sweetpotatgroduction has constantly been increasing since the year 2p@g@ialy in states
like North Carolina (NC), California and Mississippi. In NC, the production in the past 10 years
increasedl85 percent and it expanded from 5.6 million cwt to 15.8 million cwt (Department of
Agriculture, United States (USDA), 2013Jowever, the latest report presented at the National
Sweetptato Collaborators Groupresumes a decrease in farming acreage in NC for the present
year, from 90,000 total acres to 78,0@6res(Schulteis, 2018). This seems a consequence of the
sustained lav prices for this commodity in the latest years; therefore, there is a need to expand
the market by informing the public about the nutritional benefits derived from their consumption.
Different varietiesaccount for differences inhemic& composition and bioactive components
(Wang, et al., 2016). Just 1260f orangdleshedsweetpotatoeOFSP) contain enough beta
carotene to provide the daily vitamin A needs of a presehged child (Food and Agriculture
(FAO), 2001.

OFSPs have a broad genetic base that can vary the color of their skin and flesh
(Loebenstein and Thottappilly, 2009). They also differ in the size and shape of the roots and
leaves, inthe depth of rooting, the time to maturity, the resistance to disease and in the texture of
the cooked products (Woolfe, 1992). The Typical U.S. No. 1 storage roots of OCovingtonO are
described as oblonglliptic or round-elliptic in shape (Yencho et aRP08). Sizes of roots to be
considered U.S. No. 1 shall meet the following measurements: 5.1 to 8.9 cm in diameter and 7.6
to 22.9 cm in lengthCannerSP have dimensions from 2.5 to 5.1 cm in diameter and 5.1 to 17.8

cm long and Jumbos are largdran U.S. No. 1 in diameter or length or both, without
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objectionable defects. Culls are described as larger than 2.5 cm in diameter and so misshapen or
unattractive that they could not fit as marketable roots in any of the previnesiyoned three
grades(Yencho et al.,2008). Culls are often left in the field as unusable; however, further
processing can create added value products and expand the marketpartttus thecrop.
Examples of these applications are: dehydrated fibrous granules from $Brtheg turned into

a powder and further used into fortified blended foods or cereal sifaaksng andAvula,

2010) Culls can also be processed into juice and further concentrated to be added into juices,
sauces, dressings and dessefweetpotatoesan be fried an@rocessed into French fries (§P

or chips (SPC) in a similgrocesgo white potato. SPland SPC are still considered relatively

new products and nutritional resources as well as chemical composition information aral text
effects afteprocessing are limited (Truorgg al., 2014).

Glycemic index (Gl)s derived from a ratio that ranks carbohydietataining foods and
classifies them according to their immediate effect on blood sugar level into low (55 or less),
moderae (5669) and high (70 or above&3l (BrandMiller et al., 203). In an effort to help
reduce variability in the determinatiarf the Gl of a product (Wolevest al., 2008), one must
follow the procedures outlined under the first international standarchéaisuring the Gl of
foods under ISO 26642:2010 (International Organization for Standardization 2010). Incremental
(IAUC) and Net Incremental (Net incremental AUC) areas under the glucose curve (AUC),
excluding area below fasting, can be calculated usiegrapezoid rule (Brouns, 2005; Wolever,
2008, 1SO. 2010). To calculate GlI, the AUC for each test meal at each time point has to be
expressed as a percentage of the mean AUC glucose standard taken by the same subject. At least
10 healthy subjects shoultk studied in each location but some laboratories have inchgled

many as 800 subjectgith the use of continuous glucose monitoring (CGEBeviet al, 2015).
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IAUC stands for the area over the baseline under the curve, ignoring the area beneath.the curve
Net incremental AUC accounts for all increments (positive and negative).

Diabetes continues to be a majworldwide epidemic (Shrivastaet al., 2018). Self
monitoring of blood glucose via finger pricks method using a glucose meter and A1C testing are
frequently used to monitor patients with diabefdseserepetitive measurementare invasive
andcan becomgainful. Glucose sensors fall under the category of biosensors (Prasad, 2014).
Continuous glcose monitors (CGMs) were originally intended to continuously record glucose
levels in persons with diabetes mellitus (T1DM and T2DM) in order to offer a more strict control
over carbohydratanetabolism Tracking glucosdevels carelp avoidepisodes of either hypo
or hyperglycemia. This type of prevention has proven to prolong life expectancy by enabling
diabetics to avoid physiological complications such as diabetic kets&idw chronie
degenerative complications (ff@nte do Amaral and Wolf, 200Rathan, 2014). Lately, its use
has also been extended as a preventive treatment to healthy people (Fox et al., 2010).

The purpose of this research is to study the glycemic ifatefour types of foods and
ingredients derived fronsweetpotatovhen compared to a similar ingredient or food derived
from white potato. The study follows the traditional outline for data collection and calculation of
IAUC and offers a compeon when calculating the NetAUC and the comparison of data

collected when utilizing a continuous glucose monitor.
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2 Materials and Methods

The determination of Gl was done in dommercially availablefood products:
sweetpotatehips(SPC)and white potato chip@VPC) (UTZ FoodsHanover, PA, sweetpotato
fries (SPF) and white pote fries (WPF) (Alexia Foods, Conagra Brands(Chicago, Ib.
Carolina Innovative Food Ingredients (CIFI) (Nashville, NC) provided SP powdke form of
granules and SP juic&léshville NC). Potato powdefrom BobOs Red MillMilwaukie, OR
was purchased locallyThe chemical composition for all products was performelxyobac
Laboratories Inc(Warrendale, PA) (Appendix)BThe portion size of each test food contained
50 g available carbohydrate (defined as total carbohydrate minus dietary fiber) based on the
nutrition information provided by the compositional analysis (Table 3.1).

The study followed th@rotocol for Gl stidies (Brounset al., 2005), according to ISO
26642 (2010), which indicates that atleast10 healthy subjets should be studied. Data was
collected between May and July 2017. The participants completed an inclusion questionnaire to
determine the dibility for the partigpation in the study (Appendix)CParticipation included
males and nopregnant, noitactating females aged 18 to 65 y, who did not have diabetes or any
pre-diabetic condition, with BMI rangegn kg/nf) from 20 to 29.%rom the Rdeigh-Durham
area The participants also had to reframom consuming alcohol andxercising vigorously
during the duration of the trialThe protocol was approved by the NC State University
Institutional Review Board (IRB 9415) and each participant igeal an informed consent by
signng an approved form (Appendix)D

The trial was a randomized loko design with repeatatieasure. Each subject consurde
eight differentfood sample onthreeseparate dayis the morning after they had fastedernight

for 12 h. On occasions they consumed test foods and on other occasions their meal consisted of
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the reference food. Each reference food and each tested food was consumed three times. The
reference food consisted d0 g of orange glucoseolerance test dverages(Thermo
Scientific? ) in a total volume of 150 mL The method for Gl indicates that each test meal
should be served witB50 mL of water or tea (Woleveet al; 2008). When subjects consumed
the testmealthe volume was adjusteby difference to account f@&50 mL total volume (for
example when mixing the potato powder with water). The test meals were consumed within 10
minutes. The timing for blood samples started with the first bite of the test meal.

A capillary fastingblood sample was taken on the day of the testing. The subjects
consumed the test meal and had further blood samples drawn at 15, 3098560120 min
after starting to eat. The method for Gl indicates that capillary blood must be obtained from
finger-pricks for greatest sensitivitf\Woleveret al., 2008)Blood glucose response levels were
obtainedusing a glucose monitoring system, ONETOUCH Verimanufactured by LifeScan
(Cilag InternationalGmbH, Zug, Switzerland) selfretracting safety lamts Eisherbrand?,
Thermo Fischer Scientificwere used to obtaidarger (50 pL) of blood sampledor further
hormonal analysis at time 0 and at 1 hour

Moreover, a continuous glucose monitor (CGMPro2 system manufactured by
Medtronic (Minneapolis, MN) was placed on each participdiite CGM systenplacesa fine
flexible sensing wire into the skin in the abdomésing a retracting inserteA sensor is
connected to a data recorder that is taped in place. This system is designed for 7 days of
continuous blood glucose measurement with data points recordedhiaute intervals (FDA,
n.d.). In order to calibrate the biosensor, the participants had to &d@it®nal finger pricks
each day and annotate their blood glucose (BG) results before breakfastahthdmner. The

information was collected ia handout as seen on appendix &dditionally, each participant
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was trained on how to record a-B4food diary throughout the studgnnotating each meal
intake and portion size. Participants were provided wipe@dometer wristband/(illful Direct,
China)to record the numbeaf steps at the end of every day along with their exertion level (low,
medium, high) andny detail of physical activitgerformed (Appendix E

The net and incremental areas under the glucose response curve (AUC) above the fasting
glucose concentrationignoring the area beneath the fasting glucose concentration were
calculated ging the trapezoid rule (Brouret al., 2005; Food and Agriculture Organization
(FAO), 1998 Woleveret al.,2008). All the calculations were performseparatelyfor the AUC
collected via finger prick as well as via CGM. For each participant the AUC elicited after the
consumption of each test food was expressed as a percentage of the mean divided by the
reference food in the same subject. The mean and CV (CV X18D/mean) of he AUC
values for the repeated reference food were calculated to &8s 80 for each subject (C¥
30). The results were labeled reference AUC. The AUC values for the repeated test foods were
calculated and divided by the reference Al converted tpercent GI The mean values and
2 + SD were calculated. Individual values greater than the mean plus 2 SDs were considered to
be outliers and were excluded from the final results.

The reportedestimated energy requiremsEER) were calculated using the predictive
calculator retrieved from Centers for Disease Control and Prene(@DC) as explained by
Gerrior et al. (2006) The calculationaccounts forindividualO$asal metabolic ratencluding
age, sex, weight, hght and total energy expenditureccounting forindividualOsphysical

activity level.
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Statistical analysis

Multivariate analysis of variancéANOVA) was used to compare Gl values between
botanicalvegetablegsweetpotatoss. white potato), between measuring deviocesnethod for
data collection(finger picks and CGM) and between the different methods of Gl calculation for
AUC (Incremental AUC and Net Incremental AUQ3upplementary table, &ppendix . The
significance 6 differences among means was assessed using TukeyOs test to adjust for multiple
comparisons with twaailed P, 0.05. Analysis \&s performed using Version 1.1.383R Core

Team,2016.

3 Results
3. 1 Characteristics of the studied population

A total of 14people were involved in the study, of whom 2 dropped out during the first
and second week respectively and 2 wexeluded because of incomplete readings on the CGM
data. Of the 10 participants who were included, 5 were female with an aega@l5y + 2.64
(meanz S.E.M) and BMI of 24.5& 1.50 and 5 were male with an average age of 3%l
and BMI of 23.6+ 1.22 (Table2). All the participants reported their use of medication; of these
1 participant reported theady use of doxycycline oral, for acne treatment. None of the
participants were smokers aalll participants reported low physical activityoughout the study

with anaverage number ateps 0f7128+ 710 for females and 707 812for males.

3.2 Glycemic index of chips
All participants were fed with SPC, WPC, SPF and WPF. The food form influences the

rate of gastric motility (Haber, 1977); therefore, the chips were handpicked from thedryatch
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chipswith a standard thickness and a similar width. frles were als®electedafter bakng for
fries with astandard thickness and similar length.

Even though the most common methiod calculation of Gl is the area over the baseline
under the curve, ignoring the area beneath the curve (IAUC)Gthecalculatons were
performed for IAUC and net incremental (netAl@)esevalueswill be referred asnethods of
calculation. Since dataverecollected usindinger pricks (FP) and continuous glucose monitor
(iPro2), andboth measurementre also of interest they will be referred amethods of data
collection.

Gl valuesof SPCwhen compared t&PC were significantly lowerregardless of the
method of calculation or data collecti@frigure 1) The only significant differenca the results
for themethod of calculatiowas withFP netwhich wassignificantly higher thamPro2 Net and
iPro2 incrementalCalculated Gl for this product can be found in TableCBserall valus for

both types othips result in a low Gl value.

3.3 Glycemic index of fries

Gl values of SPF did not result in a significant difference when compau@l! values of
WPF (Figure 2) There were no significant differences between the methods of calculation, even
though the values for netAUC in most casesulteda highermeanthan iIAUC. There were no
significant differences between the methods of data collechbrralculated Gl values for SP
fries result in low GI. For the FP method, @t and incremental calculated values result in a

moderate GlI. iFb2 values reswtdin a low GI.
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3.4 Glycemic index of sweetpotato and white potato powder and juice

Gl values of sweetpotatopowder when compared towvhite potato powderwere
significantly lower classifying this product aslaw glycemic indexregardless of the method of
calculation or data collectioand white potato powdesalues arenigh Gl (Table 3. The values
for netAUC in all caseappearedhigher than iAUG however these values were not significantly
different There were no significant differences between the methods of data collgatjore
3).

Calculated GI values cdweetpotatquice are between 73.863.82 and 79.4% 3.79;
classifying this product as high in Gl (Table 3yhe vales for netAUC in all casesended
higher than IAUChowever, these values were not significantly different. There were no

significantdifferences between the methods of data collection (Figure 4).

4. Discussion

Gl of a food is determined by multiple interaction factors, including physical and
chemical components of the ingested food, the rate of carbohydrate digestion, its gastric passage
and emptying and insulin response elicite@rathe consumption of the food (Phillipou, 2017).
For fries and chips the Gl of SP produatsre lower than in previous reports for SP cooked
through different methods (Allen, et 2012). These differences may be due to a combination of
factors.The cooking preparation methods previously studied allowed for a higher-Guiyer,
2002). Highly processed foods require less digestive processing; disrupted starch granules that
gelatinized arsusceptibléo enzymatic hydrolysiand readily digestibleChemical structure and
physical form determine the carbohydrate availability (Englyst and Englyst, 1994). Chips and
fries possess a complicated food matrix that can influence starghgl®w or or prevent

digestion The valuesin this studyremain consistent with Gpreviously reported values for
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French fries (54 to 70) (Atkinson et a2012). The Gl values for WP chipsvere similar to
valuesof 54 = 3previously reportedby FosterPowell et al.(2002. As seen in table 1, the
commercial chips in this study contained a high percentage of fat (34% for SPG%WRC).
Possiblythe presence of amylodgid complexeshad adirect impact in lowering Glor chips.
Amyloselipid complexes decrease the enzymedated digestion of starches (Lau et 2016).
These complexes are formed during the heating process of the starch. After starch gelatinization,
both amylose that has leached outside the graaot that which remains in the granaien
complex with lipids Some of these complexes danreasehe resistant starch (RS) content and
lower the hydrolysis index (Putseys et #2010). RS is defined as starch thatapes digestion in
thehuman small intestine (Englyst et d1992).

The traditional way of preparing commercial fries includes washing, peeling, cutting into
strips, blanching, pdrying and freezing (Pedreschi, 2012). Blanching is an importanfatep
the final product. The blanched strips are partially dried befor@dhel frying process (par
frying). The paifried strips are frozen afl8jC and sold in retail for further frying or roasting.
The change in structure of starchesrimiy gelatinization and retrogradation can have a
significant influence on starch digestibility, formation of indigestible complexes (resistant
starches) and degree of absorption in thstrgmtestinal tract (Greenwood et &013; Pt
Sunyer, 2002; Allen2012). Repeated cycles of heating and cooling can further increase the
retrogradation lowering the Gl @Sunyer, 2002).

No prior studies have provided values of Gl for SPC, SPF or SP pd3wleetpotatoes
can be dehydrated and used as$unctional ingredient imother applicationsSweetpotatoes
naturally contain nonstarchy polysaccharides such as cellulose and hemicellulose, which are

known as noravailable carbohydrates (Cummings and Stephen, 2007). Such compuaigits
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explain the difference in Gl values betwemmeetpotatgpowder and white potato powder. The
majority of reports for white potato produstsowthemto behigh Gl (Kinnear et al2011).

SP juice can be obtained after the tubers are cleaned, steamed and pasteurized (Truong,
1994). OFSP can yield beverages with pleasant color and aromas (Truong, B¥@9tpotato
starch can be converted to glucose syrup or high fructose syrup (Loebenstein and Thottappilly,
2009). Some fructose and the presence of resistant-shaih carbohydrates (nedigestible
oligosaccharides) can be responsible for the Gl valusvieetpotatquice notbeing 100, like
pure glucoseGl values reported in our study can be a result of the combination of fructose
molecules, fructaligosaccharides or fructan as well as glucose and sucroseules, present
in high concentrations in vegetable concentrates (Loebenstein and Thottappilly, 2009). Despite
having the same chemical formula, fructose and glucose are metaboldifdrant ways due to
the hepatic extraction and rapid hepatonversion of fructose into glucose, glycogen, lactate,
and fat (Tappy and Le, 2010). The glycemic index of fructose is lower when compared with
glucose (19 and 100, respectively) (Tappy and Le, 2010). No prior studies have provided values
of Gl for SP juces.

In this study, overall netAUC resulted in higher values than when iAUC was calculated.
This difference is to be expected because the netAUC method includes concentrations above
baseline even after blood glucose concentration has dropped below theeldasel within the
2-hr period after foodntake Consistent with the literature, the calculations using different
methods result in dérent Gl values (Brouns et a@005). The method of AUC calculation had a
substantial effect on the GI value aslivas the variability (Matthan et al2016). iIAUC has
been andontinueso bethe recommendation when conducting and publishing Gl studies (FAO,

1998).
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Interpretation of the CGM data is somewhat different than the fimgek data because
there is a delay due to diffusion of glucose frtira blood to the interstitial fluid. Despite this,
we found the IAUC calculation of the CGM data equivalent to the standard method because the
interstitial fluid glucose concentration usually returned to the fasting concentration within the 2

hr measuremennterval after foodconsumption
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5. Conclusion

The postprandial effects of d@hydratedense, highly processed, high Gl foods often
correlate to higher metabolic responses that can result in muigliéhrisks associatedith
inflammatory processes and chronic diseases. The main goal of dietary guidelines is to
encourage the palationto adoptrecommendationbased on scientific studighat will help
improve heahy eating habits to prevent dgetypes of diseases. At the same time, these
guidelines recognize the importance of carbohydrate food choices and the ample options th
allow for a healthy diet. Food industry stratega@strendng towardinnovation for moreood
formulations that includevhole grains, lower sugaand lower sodium. The present study aimed
to characterize certain foods thaight not often be caegorized as healthy choices. Further
opportunities exist for the creation of healthier options hasedxample, on the utility of the
amyloselipid complexes and resistant starches into the design of products that can result in an
option that can bedt support healthy eating patterns. The study also characterized the Gl of

sweetpotat@owders and juicgthat have not been previously investigated.
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Table 1. Composition of the test foods

Total Dietary Available
Weight Fat Protein | Carbohydates| Fiber | Carbohydrates
Product
g g g g g g
Sweetpotato chipy 103.34 | 35.44 5.43 56.84 6.84 50
White Potato
chips 88.13 23.0 7.47 52.61 2.61 50
Sweetpotato frie§ 175.13 | 13.37 4.52 58.84 8.84 50
White Potato frieg 145.14 | 10.14 7.20 58.34 8.34 50
Sweetpotato
powder (granules| 91.91 0.56 6.66 75.82 25.82 50
White potato
powder 64.41 0.23 5.61 52.75 2.75 50
Sweetpotato
juice-75 77.29 0.07 3.75 51.01 1.01 50
Table 2 Characteristics of the studied population
Males Females
Age (y) 35.8(t6.81 25+2.64
Gender(n) 5 5
Heigh (ft, in) 5.90+0.08 5.56t0.06
Weight (Ibs) 170.8@¢6.40| 157.0G:11.61
BMI 23.66t1.22 24.58:1.50
Underweigh18.5 0.00 0.00
Ideal Weight(18.524.9) 5.00 4.00
Overweight(>25.029.9) 0.00 1.00
Obese>30 0.00 0.00
Estimated E(Eig%y Requireme 2500+105 2000:102
Daily Caloric Intake (Kcal) 2200.0@55.67 1720+64
Number of steps 707#812 7128:710

Values are meanss S.EM
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Table 3Glycemicindexvalues for studied productisrough differentalculationmethodgor
area under the curvelficrementaAUC, Net AUQ andtwo differentmethod of data collection
(finger pricks and continuous glucose monitoring (CGM))

Type of data collection
Presentation Type of calculation method| Finger Pricks CGM +SEM
+SEM
) Incremental AUC 32.68:1.96 28.80t2.04
Sweetpotatachips
Net Incremental AUC 32.63:2.13 27.212.92
White potato | Incremental AUC 53.13:3.21 42.313.08
chips Net Incremental AUC 55.13:3.83 43.2%3.57
) Incremental AUC 48.6%2.85 47.4:2.87
Sweetpotatdries
Net Incremental AUC 49.6%3.11 48.94:4.06
_ _ | Incremental AUC 57.86t3.76 48.452.51
White potato fries
Net Incremental AUC 59.33:4.50 46.09£2.89
Sweetpotato | Incremental AUC 39.56:3.24 45.13t2.99
powder Net Incremental AUC 39.913.34 47.88t3.83
White potato | Incremental AUC 69.78:4.15 73.412.94
powder Net Incremental AUC 69.23:4.72 76.534.19
. Incremental AUC 79.044.82 74.92£3.79
Sweetpotatquice
Net Incremental AUC 79.4%3.79 73.85:3.82
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Figure 1 Glycenic index values for chips comparing type of botanvegjetablecalculation and
data collection methodars not sharing a common letter sigmificantly different P < 0.05).
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CHAPTER 4

POSTPRANDIAL CHANGES IN METABOLIC HORMONES IN RESPONSE TO THE

CONSUMPTION OF PRODUCTS DERIVED FROM SWEETPOTATO AND WHITE

POTATO
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ABSTRACT

Background: Concentrationsn the multiplehormonesthat regulate glucose metabolism after
the consumption of meals can be determined by a multipleumoassay using fluorescence
imaging.

Objective: The purpose of this research is to determine the concentrations and postprandial
changes for seven metabolic hormones duringuaglycemicfeeding trial with products derived
from sweetpotatd¢/pomoea batatas) and white potataSplanum tuberosum,).

Methodology: The data were determined in blood samples fraen human subj panel
consisting of 10 voluntary participantgach subject consumeight differentfood sample on
two separateoccasions. The determination of metabolic hormones was performed using an
immunoassay for seven hormones placed onnetagcolored beadsra datawere acquired
through a Luminesbased reader.

Results: Postprandial changes in insulin anep€ptide pg/mL+SEM) were greatest for white
potato powder 1592 207.7,9036 = 676.8. Postprandial change in Glfas greatest for
sweepotato chips 264t 34.1. Ghrelin levelsverehigher in a fasted stat€he greatest decrease
was seen with the consumption eWweetpotatquice -159.6+ 53.0. Change in GLR wasthe
greatest when consumirsgveetpotatahips11.0+ 1.9. Glucagon increasdd 2.775+ 0.7 with
the consumption ofvhite potato powder. Postprandial leptin levels remnelatively constant.
Significant positive and negative rcelations P < 0.05) were observed between insulin ard C
peptide, GLP1 and GIP, glucagon and&ptide, glucagon and GLE insulin and glucagon,
glucagon and GIP, insulin and GIP, GIP angdptide and leptin and GIP. Leptin and insulin

resulted ina negative correlatiorRf =-0.25 andP < 0.05.
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Conclusion: Different hormonal reactions responded to offergat control of blood glucose
levelsin response to homeostasis

KEYWORDS: Multiplex, multiplexed assaysnsulin, glucagon, GLR, GIP, leptin, ghrelin
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1. Introduction

Multiple hormonegegulate the glucose metabolism after the consumption of nigig (
et al., 2002).Hormones are organized and act in a coedartanner; therefore, an abnormality
in any of themcan affect the variables they contamlthe feedback control teeveral different
hormonegNusseyand Whitehead2001). Hormones are derived from amino acids, cholesterol
or from phospholipids; however mascently dscoverechormonesarein the form of peptides
or proteins ranging from three amino acids to over 200 (Nussely Whitehead 2001).
Hormones are released from endocrine glands in response to changes in a regulated variable.
Multiple feedback pdiways can alter the quantity of hormone released. Some hormones may be
released in different endocrine organs that have different sensitivities to the regulated variable.

Peptides and hormones can be identified and measured with the use of technigaes such
immunofluorometric assayand mass spectrometry; however, one limitation can be the bimits
detection (MorencGuzminet al., 2012;0tieno et al., 2016) The fluorescence bead or
multiplexing principle is also known amsultiplexing highthroughput (HB) assayBlommel et
al., 2004). This technique can also be utilized in the quantification of hormones with several
advantages such as the quantification of multiple analytes in a smaller fixed assay volume
performing multipleenzymelinked immunosorbernassayg (ELISA) in the same well (Blommel
et al., 2004). The principle follows the premises of Osandwich® ELISA, with the exception that
the antibodies are not fixed to the well but to the microsphere and multiple reactions take place
on a singlevell (Luminex Corporation, 2017).

Polystyrene beads with carboxyl groups in its surface are coupled with antibodies that
react against the peptides or proteins of inte@s$teket al., 2011;). These beads also contain

magnetic particles (superparamatymenanoparticles that can be captured using CCD
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technology (Luminex Corporation, 2017). The beads are dyed with different intensities of red to
nearinfrared. This allows the beads to be identified in the chamber by the concentration of the
dye Bjerreet al., 2009; Luminex Corporation, 2017). Different concentrations of red dye on the
fluorescence pattern (635 nm) relate to different antibodies (bead classification = assay
identification) by placing the beads in a map. Grég82 nm) LED will check if he analyte of
interest (hormone) is present or not. The software then processes the image and quantifies the
concentration of the analyte with a standard concentration curve. The software presents the data
in median fluorescence intensity units (MFI) asllwaes the concentration in pg/mL. OThe
concentration of an analyte bound to each bead is proportional to the MFI of reporter signalO
(BIO-RAD Lifescience groupn.d).

The purpose of this researatas to determine the concentrations and postprandial
changes for seven metabolic hormones using a multiplexing assay durewgleemicfeeding

trial with products derived dweetpotat@nd white potato.
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2. Materials and Methods

Treatments consisted of twegetablegreferred topotato types: white and sweet), in
the followingpresentation: fries, chips, powder and juice. Piiman subject panel consisting of
10 voluntary participanta/as recruited andonsume each of the eight potato and presentation
combinations twice in a thregeek period. The protocol was approved by the NC State
University Institutional Review Board (IRB 9415) and each participant provided an informed
consent by signg an approved form (Appendix)D

The sequence of feeding combinations within the thresk period was randomized for
each subject. The eight combinations were obtained ssuegtpotatachips (SPC) and white
potato chips (WPC) manufactured by UTZ FooHar{over, PA, sweetpotatdries (SPF) and
white potato fries (WPF)manufactured by Alexia Foods (Conagra Bran@bjcago, Ib.
Carolina Innovative Food Ingredients (CIFI) (Nashville, NC) providegetpotatgpowder in
the form of granules arslveetpotatjuice. Potato powder wasianufactured bgobOs Red Mill
(Milwaukie, OR) and the tolerance teseweragewas purchased fromhermo Fischer Scientific
(Waltham, MA. An orange glucose solution was substituted for white potato juice given the
unavailability of that produc The chemical composition for the products was performed by
Microbac Laboratories IndWarrendale, PA) (Appendix)BThe portion size of each test food
contained 50 g available carbohydrate (defined as total carbohydrate minus dietary fiber) based
on the nutrition information provided by the compositional analysis (Table 1).

Self-retracting safety lancei{d..8 mm, Thermo Fischer ScientifidNValtham, MA. and
0.6 mL BD Microtainerblood collection tubesHfanklin Lakes, New Jerspwereused to obtain
150pL of blood samplest fasted state referred time 0 and afterl hour postprandiakime 1).

The serum collection was performed according to the Standard Operation Procedures (Tuck et
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al., 2009; US National Institutes of Health (NIH), n.d). Brieflye samples welet stand for 30
minutes before centrifugintpr 20 minutes att100 rpm.Disposable transfer pipettd$hermo
Fischer Scientific (Valtham, MA were used to transfer the serum into labeled vials that were
immediately stored aB0°C until analyzing.

The determination of metabolic hormones was performed using an immunoassay
supplied by BiePlex Prd" Diabetes AssayHercules, Californip and datawere acquired
through a Luminesbased reader MAGPIX" (Luminex Corp, US). For each subpaud feeding,
the collected serum samples were plated in duplicate. The following hormones were analyzed: C
peptide, insulin, ghrelin, gastric inhibily peptide (GIP), glucagon, glucagon like peptide (GLP
1) and leptin. During the chemical analysiseddings out of 640 resulted on clear high leverage

outliers with respect to leptin and were removed.

Calculations and statistical analysis

The eperimental design consisted of a randomized complete block design with a
factorial arrangement of potatopy at two levels, presentation at four, and a random effect of
subject.A preliminary paired-test was used to compare the means of hormonal changes at time
0 and time 1R, 0.05 to ensure that the pand postprandial change was significant.

Changewas computed as mean values for timel minus mean at time 0 and analysis of
variance (ANOVA) with the described dataset were conducted with general linear models using
JMP Pro v 13 (SAS institute, 2016). Correlations between pairs of hormones were caoyputed
fitting a linear regression to each pair for all potato X presentatmnbinatiors. Finally,

principal component analysis (PCMas also used as described by Husson et al. (2017). Rows
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were considered as participants and columns as afixaditvariables denoting person, product

consumed and hormone of intergab(e3). PCA was performedsingR Version 1.1.383
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3. Results
3. 1 Characteristics of the studied population

A total of 10 participantsparticipated of the studyof which 5 were female with an
average age of 2b 2.64y (meant S.E.M) and BMI of 24.5& 1.50 and 5 were male with an
average age of 358 6.81 and BMI of 23.6+ 1.22 (Table 3 All the participants reported
number of steps at the end of every déoong with their exertion level (low, medium, high) and
use of medicationOf thesg 1 participant reported the daily use of doxglaye oralfor acne
treatment and all participants reported low physical actilityughout the studwith anaverage

number ofsteps 0f7128+ 710 for females and 704 812for males.

3.2. Postprandial change in hormone in relationship to the meal consumed

The changgfor each hormone in relationship to the product consumed are represented in
tables4-10. Gpeptide closely followedhe change for insulin (Figure 1 and 2). For both
hormones, products derived of WP corresponded to the higher increment. The ANOVA for
insulin andthe ANOVA for C-peptide showed highlsignificant overall effects gbotato P =
0.0006 andP = 0.0013 respectively), as well as presentatifn=(0.0252 andP < 0.001
respectively) and their interaction (potato pfesentation (P = 0.0277 andP = 0.0002
respectively) (Appendix GSupplementary table 1 and B).the presence of interaction, contrast
was used for comparisons between presentations within the type of potato; in this case, only SP
and WP powder resatl in a significantly different changeé’(< 0.001) (Supplementary table 3
and 4).

SP chips and WRhips gae the greatest increase in GIP (Figure 3)he higher

increment in GIPS seen for most of white potato produdise ANOVA for GIP showed highly
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significant overall effects of potat® & 0.0091), as well as presentatigh< 0.0001) and téir
interaction P = 0.0243) (Appendix GSupplementary table 5 the presence of interaction,
contrast was used for comparisons between presentations within the type of potato; in this case,
only SP and WP powder resedtin a significantly differenthange £ = 0.002) (Supplementary
table 6).

Ghrelin levelsare known to béiigher in a fasted state and ghrelin levelsd todrop
after meal(Kroemer et al. 2012). SP juice and glucose solution cdusnost no change in
ghrelin (Figure 4). SP fries causélie greatest change this hormonein a negative direction
The ANOVA for ghrelin showed only significant effsctf preentation £ < 0.0022) (Appadix
G, Supplementary table 7). Contrast was used for comparisons between presentations within the
type of potato; in this case, SP and WP fries reduit significantly different changesvhere the
WP frieswere followed by a significant increase in dhrgP = 0.0389) (Supplementary table
8).

SP chips resudd in the greatest increase in GlIR(Figure 5). The ANOVA for GLA
showed a significant overall effect of presentatiBr=(0.0014), as well as theirteraction P =
0.0152) (Appenx G, Supplementary table 9). In the presence of interaction, contrast was used
for comparisons between presentations within the type of potato; in this case, only SP and WP
chips and both types of powder resulted a significanty different change £ = 0.0037 and
0.0253 respectively) (Supplementary table 10). As seen in table 8, SP powder and glucose
solution resukd in a negative change aB& and WP fries reselt in a very small change in
GLP-1.

Overall, asmall postprandiacthangewas foundin glucagon(table 9). The ANOVA for

glucagononly showed significant overall effect in the interaction between type of potato and
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presentation £ = 0.0243) (Appendix GSupplementary table 11). In the presence of interaction,
contrast was sl for comparisons between presentations within the type of potato; in this case,
only SP and WP powder resedtin a significantly different chang® & 0.0025) (Supplementary
table 12).

Leptin levels are the highest in the morning (Dardeno, 28m@)this is represented in
table 10 with allnegativevaluesfor postprandial changdhe ANOVA for leptin only showed
significant overall effect in the interaction between type of potato and presenfatob.{071)
(Appendix G Supplementary tabl&@3). In the presence of interaction, contrast was used for
comparisons between presentations within the type of potato; in this case, both types of powder
resuls weresignificantly different £ = 0.0116) (Supplementary table 14). SP ¢uand glucose
alsowere significanthydifferent(P = 0.0279) (Supplementary table 14).

The relationship between hormones can be visualized in a plane representation that
allows for visualization ofthe proximity between the hormonal respon$¥3A was used as an
exploratory tooko have an idea of possible behaviors or relationshifhsn the dataet (Figure
8) (Husson et al.,, 2017). PCAemonstratedhe proximity betweennsulin and Gpeptide
associatealosein the same dimension, followed by GIP. Glucagas also closelgassociated
with GLP-1, both hormonesvithin the same dimension as t&p

Significant positive and negative correlatiois<{0.05) were observed between different
pairs of hormones (Table 11 and Figure 9). A strong positive correlation is indica®d y5
andP < 0.05. Strong positive correlations were folredween insulin and-@eptide, GLP1 and
GIP. A positive correlation (0R2<0.5 andP < 0.05) was seen between glucagon angkeftide,

glucagon and GLR, insulin and glucagon, glucagon and GIP, insulin and GIP, GIP and C
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peptide and between leptin a@dP-1. A negative significant correlatioff{<0 andP < 0.05)

was found between leptin and insulin.
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4. Discussion

C-peptide is a marker of insulin secretion (Wu et al., 260dljipou, 2017. In this study
consistent with the literature, the wak and high correlations obtainddmonstratedhat the
change in Geptide showed a close resemblance to the change in insypeptde was also
found in higher quantities than insulin, dudttdonger halflife in circulation (Wu et al., 2004).
Insulin and Cpeptide effects followd the glycemic response (IAUC) reported in the glycemic
index for WP productsFeng et al., 2018).

Upon nutrient ingestigrthe gutstarts releasingarious hormonesncluding GLR1 and
GIP (Rsderet al.,, 2016). This port found a strong correlation between these hormones
(R=0.59, P < 0.001) GLR1 and GIP potentiate insulin secretion (Voet and Voet, 1990). A
significant positive correlation was also found between insulin and D27, P < 0.0148).
The hidhestpostprandial chang®und in this study for both hormones was present in SP and
WP chips. This report would have presumed lower concentration levels given by the fat content
of these products, which in principle would hal&ayed the gastricemptyinginto the small
intestine slowingthe entrance of nutrien{8Vilms et al., 1996). As expected, SP powder, causes
almost no change in GIP concentration. Timgy bedue to a combination of factordietary
fiber, since it is not absorbe@llowed for the dilutionof the total meal densityThe rate of
gastric emptying wa presumed to be reduced and the rates of absorption of carbohydrate also
seemed reduced (Philippou, 2017).

Ghrelin is responsible for appetite regulation (Kroemer et al., 2013). In this study, ghrelin
levels werehigh after the intake of SP juice and glucose solution. Given the chemical
composition simple carbohydrates such as glucosdemdes and fructose were preseamd

readily absorbed with minimadigestion and entethe circulation. A low volume meal also
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allowed ghrelin to continue to stimulate food intake, as veadlastric motility and acid secretion
(Wierup et al., 2002)Ghrelin levels were also found high after the consumption of WP fries. An
extended hormonal panel in explanation of hunger and satiety regulation would be helpful to
draw stronger conclusions leason correlations. Further analysis could include Neuropeptide Y,
as apotent stimulator for appetite amtholecystokinin(CCK); which has aroppositefunction
than ghrelin

PCA presents glucagon and insulin in different dimensions. Glucagon is therasitago
hormone to insulin (RSder et al., 2016) and is secreteg@sponse to low bloegugar levés
particularlyin fasting state. This study reports small quantifiable levels of glucagon (maximum
change 2.7 pg/mL); however, contrary éxpecation, this resulted in significant positive
correlations between-@eptide and glucagon as welliasulin and glucagon. The explanation is
not clear bummight bethe impact oincretins like GLP1 potentiatingthe secretiorfRSder et al.,
2016). Glucagon and GLP were positively correlate(R?= 0.42, P < 0.001), asvisualizedin
the PCA graph Possily GLP-1 and glucagon are secreted by the same intestinal cells e GLP
is causingalpha cells to release glucag@tsder et al., 2016)

As seen in the PCA leptin and insulivere found in different dimensions. This study
found a significant negative correlation between leptin and inswf=-0.25, P = 0.0247).
Leptin is a bioactive protein mainlgynthesized and secreted into the circulation fromewhit
adipose tissue (Zhang et d994 Klok et al., 2007, Dardeno et a2010. Controlled nsulin
levelsare important in combination witleptin for shortterm satiety signalingl[Dardeno et al.,
2010). Both act in the central nervous system to inhibit the intake of food and to increase energy

expenditure Eruhbeck, 2000
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5. Conclusion

The human bodwtilizes a series of chemical interactions to creatigght control of
blood glucose levelsThis study characterizethe postprandiachangesising a multiplex high
throughput assay aeven different hormonesfering correlationsandusedPCA to validate the
principle in which hormones respond in an organized Bettain this studyshowthatafter the
ingestion of mealghat raiseblood sugar leve]different cells releasehormonemolecules in
order to maintain glucose homeostasis.
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Table 1. Composition of the test foods

Available
Weigh Dietary | Carbohydrate
Product t Fat | Protein| Total Carbohydates | Fiber S
g g g g g g
Sweetpotato
chips 103.34| 35.44 | 5.43 56.84 6.84 50
White Potato
chips 88.13 | 23.0 7.47 52.61 2.61 50
Sweetpotato
fries 175.13| 13.37 | 4.52 58.84 8.84 50
White Potato
fries 145.14| 10.14 | 7.20 58.34 8.34 50
Sweetpotato
powder
(granules) | 91.91 | 0.56 6.66 75.82 25.82 50
White potato
powder 64.41 | 0.23 5.61 52.75 2.75 50
Sweetpotato
juice-75 77.29 | 0.07 3.75 51.01 1.01 50

Table 2Exploratory character of the mulsiviate aalysisfor postprandial hormonal changes

Field Individuals Variable Respons&ix
Expression of

Biological Sciences Participants Product consumed hormone for

participant i
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Table 3. Characteristics of the studied population

Table 4.

Males Femals

Age (y) 35.8(t6.81 25+2.64

Gender(n) 5 5

Height {t., in) 5.90+0.08 5.56t0.06

Weight (bs.) 170.8@¢6.40| 157.0G:11.61

BMI 23.66t1.22 24.58:1.50

Underweigh18.5 0.00 0.00

Ideal Weight(18.524.9) 5.00 4.00

Overweight(>25.029.9) 0.00 1.00

Obese>30 0.00 0.00

Estimated E(IQifa?)y Requireme 2500:105 2000:102

Daily Caloric Intake (Kcal) 2200.0@55.67 1720+64

Number of steps 707812 7128t710

Values are mearnss S.EM.
Change in insulin
Insulin
Type ofvegetable | Presentation Least Sq Meat Std Error
(pg/mL)

Sweetpotato Chips 435.8375 207.68706
Sweetpotato Powder 344.25 207.68706
Sweetpotato Fries 87.0375 207.68706
Sweetpotato Juice 783.575 207.68706
White Potato Chips 794.975 207.68706
White Potato Powder 1592 207.68706
White Potato Fries 591.225 207.68706
Glucose solution 777.0625 207.68706
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Table 5.

Change in@eptide

Table 6.

C-peptide
Type ofvegetable | Presentation Least Sq Mea Std Error
(pg/mL)
Sweetpotato Chips 3660.8375 676.81655
Sweetpotato Powder 3720.3125 676.81655
Sweetpotato Fries 2449.625 676.81655
Sweetpotato Juice 7005.175 676.81655
White Potato Chips 3680.925 67681655
White Potato Powder 9036.0375 676.81655
White Potato Fries 4051.675 676.81655
Glucose solution 6498 676.81655
Change in GIP
GIP
Type ofvegetable| Presentation Least Sq Meatr Std Error
(pg/mL)
Sweetpotato Chips 264.55 34.154781
Sweetpotato Powder -12.8125 34.154781
Sweetpotato Fries 119.5 34.154781
Sweetpotato Juice 75.3375 34.154781
White Potato Chips 249.225 34.154781
White Potato Powder 177.775 34.154781
White Potato Fries 162.0125 34.154781
Glucose solution 116.5125 34.154781
Table 7. Change in ghrelin
Ghrelin
Type ofvegetable | Presentation Least Sq Mearr ~ Std Error
(pg/mL)
Sweetpotato Chips -23.6875| 52.962101]
Sweetpotato Powder 26.225| 52.962101
Sweetpotato Fries -28.45| 52.962101
Sweetpotato Juice -159.675] 52.962101]
White Potato Chips -78.25| 52.96210]
White Potato Powder -12.55| 52.96210]
White Potato Fries 129.15| 52.962101
Glucose solution -141.1125] 52962101
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Table 8. Change in GL-P

GLP-1
Type ofvegetable | Presentation Least Sq Mear Std Error
(pg/mL)
Sweetpotato Chips 10.9875 1.9264881
Sweetpotato Powder -0.5375 1.9264881
Sweetpotato Fries 1.85 1.9264881
Sweetpotato Juice 3.4625 1.9264881
White Potato Chips 5.2 1.9264881
White Potato Powder 5.6875 1.9264881]
White Potato Fries 0.0375 1.9264881]
Glucose solution -0.225 1.9264881
Table 9. Change in glucagon
Glucagon
Type ofvegetabé | Presentation Least Sq Mear Std Error
(pg/mL)
Sweetpotato Chips 0.775 0.66834262
Sweetpotato Powder -0.1875| 0.66834262
Sweetpotato Fries 0.525 0.66834262
Sweetpotato Juice 1.4125| 0.66834262
White Potato Chips 0.9 0.66834262
White Potato Powder 2.775 0.66834262
White Potato Fries 0.00 0.66834262
Glucose solution -0.4125| 0.66834262
Table 10. Change in leptin
Leptin
Type ofvegetable | Presentation Least Sq Meat Std Error
(pg/mL)
Sweetpotato Chips -426.3625 92.958489
Sweetpotato Powder -387.4625 92.958489
Sweetpotato Fries -288.025 92.958489
Sweetpotato Juice -583.5625, 92.958489
White Potato Chips -287.7875 92.958489
White Potato Powder -727.9 92.958489
White Potato Fries -351.0125 92.958489
Glucose solution -288.591 92.958489
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Table 11. Pairwise significant hormonal correlations

Variable by Variable Correlation Signif Prob
Insulin C-peptide 0.7138 <.0001
GLP-1 GIP 0.5939 <.0001
Glucagon C-peptide 0.4468 <.0001
Glucagon GLP-1 0.4283 <.0001
Insulin Glucagon 0.4011 0.0002
Glucagon GIP 0.292 0.0086
Insulin GIP 0.2716 0.0148
GIP C-peptide 0.2255 0.0443
Leptin GLP-1 0.2207 0.0492
Glucagon Ghrelin 0.2058 0.067
GLP-1 C-peptide 0.1752 0.1201
Leptin GIP 0.1468 0.1938
Leptin Glucagon 0.1185 0.2953
Insulin Ghrelin 0.0581 0.6087
Insulin GLP-1 0.0486 0.6686
Leptin Ghrelin 0.0124 0.9131
GIP Ghrelin -0.0376 0.7404
Ghrelin C-peptide -0.0439 0.6993
GLP-1 Ghrelin -0.122 0.2811
Leptin C-peptide -0.1458 0.1968
Leptin Insulin -0.2511 0.0247
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CHAPTER 5
ANALYSIS OF A MASS PRODUCED DRIED READY-TO-USE THERAPEUTIC FOOD
INGREDIENT

Sofia Fend, Jonahan C. Alleri

! Department of Food, Bioprocessing and Nutritional Sciences, North Carolina State University,
Schaub Hall, 27695
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ABSTRACT

This reportanalyzed thequality and safety aspects of relevanceatwiable readyto-use
therapeutic f@od (RUTF)ingredientacross three different cooking extrusion processes for a dried
sweetpotat@and mealwornformulation The products intended as a treatment for moderately
acute malnutrition (MAM) inscenarios and regions with ongoing food shortadjes to its
nutrientdense, hig calorie, high protein conterffince RUTF products are typically made on an
industrial scale in developed countries then shipped to places in need, the sutttegsarfuct

is heavily dependent upon the ability to effectively scale up productioneofiniqueproduct
formulation The extruded snack is the focus of this projdttcontributesthe majoiity of the
protein and fatso its nutritional quality and consisteramevery important tats success. Three
process group combinations werhosen utilizing a twikscrew cooking extruder. Each of these
producttreatments were copared on the basis of textusater activity, moisture content, total
protein, total lipids, ash, and protein content with carbohydrate determined by difference.
Texture was determined bythreepoint bending texture analysigexturewas an important
indicator of the final productOs viability. A product that takes more force to bredlewilbre
durable during shippingrhe average SEM fracture force range for dheatments from 1.03

0.20 to 3.9+ 0.27 N, extension ranged from 2.290.15 to 2.75 0.39 mmand work from 0.0&

0.01 to 0.25: 0.01 J. A low water activity is crucial for shelf stabilitgo bothwater activityand
water contentveremeasured to verify that the heating stepgipoe a fully dehydrated product
The data collected sh@aa anaveraget SEM water acwity for all temperatures 0.26390.008
which is below the 0.65 safety targ&€he averge+ SEM moisture contenin 1009 of finished
productwas 1.95+ 0.002 Lipid content is important in an RUTF because fat provides readily

available, dense caloriedacronutrients are presented as averfgex SEM in 100 g of
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product. Fat entent was 10.%* 0.004%6 of dry weight Ash content was 3.4 0.0003%6, and
carbohydrate contenmeasured by differencgas 61.23t 0.00486. Both macronutrientsvere
determinedor complete nutritional facts labeling of the produ®btein content and nutritional
quality are vey important to the formulation. rAino acids are the limiting factor for growth in
many MAM cases. There are very specific guidelines for an RUTF regarding protein, and
exceeding them is crucial for RUTF succeBsotein content was 234 0.0026 and higher
temperature extrusions did not result in significantly different changes to coroposit of the
treatmentanetthe requiremets for total protein, moisture, ater activity, mineral contepand

the 11Q and 13QC treatmentsnetthe requirenents foramino acid compositian

KEYWORDS: Sweetpotatp mealworm, Tenebrio molitor, proximate analysis, twhscrew

extruder, RUTF

135



1. Introduction

Although food security in many developing countries has been increasing over the last
few decades, the percentage of children under 5 with moderately acute malnutrition (MAM) is
still at an ahrming 17% in areas such as South Asia. AdditionaHyarotene deficiency istill
the leading cause of childhood blindness (Foster et al.,; 10@2n, et al., 2015)When a
developing region with high food insedyris hit by a natural disastdike the 2004 tsunami that
hit Indonesia and eastern India, the results can be deadly and create millions of refugees.
Temporary camps providing rehabilitation and humanitarian aid were erected for these refugees
(Rerton et al., 2005). Readwp-Eat Therapeutic Bod products (RUTF) were in great demand.
Edible insects are relatively novel ingredients in industrial food processiogever, the
consumption of insectsepresentsa staple in many countrie¥hailand, for example, has a
sizable commercial market basew insect consumption because edible insects are considered a
cultural norm (Siriamornpun and Thammapat, 2008). Inssntsbepreferable to other animal
proteins in RUTF applications because investment is low cost with less land required for raising
insects compared to typical meat sourcestrsy can potentially be raised more cheaply. Cost
has historically prevented MAM treatmemdsincludemilk or other animal proteins (van Huis et
al., 2013).Sweetpotatoeare known to have higlevels of l-carotene and can be grown in a
wide variety of areas, including many developing countries (Singh et al., 2004). Additionally,
they are high in vitamins and minerals, such as-tatatene and vitamin C, and fiber.
Therefore, an RUTF incorporagl edible insect anslweetpotatoesould be effective at treating
MAM . Many of the most financially successful examples of RUTF foods are entirely vegetarian
with poor protein quality (van Huis al., 2013). The prototype product in thisesearch

containinginsectprotein can potentially givRUTFsa higher protein qualitand content than
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other products in the markefThe project herein focuses ¢ime sweetpotatcand mealworm
extrudedsnack Most relief efforts for MAM are currently produced in developed countries and
distributed by norgovernment organizations (Annan et &Q14); therefore, the ability to
produce aRUTF in a more industrial settingh@ scale is vital to its success as a relief option.
The objectiveof this project involvedthe analysis ofthree sets of pilescale cooking extrusion
temperature parameters (5 110C, 13GC) to determinghe effectof barrel temperaturesn

nutritional quality and safetyn a prototype product
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2. Materials and Methods
Product Ingredients

The formulation included orangteshedsweetpotatoesf Covington variety, which were
dried and milled inta sweetpotatdlour (SH-). SPFwas further mixed with mealworm flour
(MWF). OCovingtonO is an orafigehed, roseolored, tablestock sweetpotatpdeveloped by
North Carolna State University (Yenchet al, 2008). Selectedweetpotatoewere storedn a
refrigerated room maintained atjC5 Mealworms {enebrio molitor Linnaeus)were sourced
from Rainbow Mealworms (Compton, CA), and rice flour and cornstarch thrimaegh retail
(Raleigh, NC) Both ingredients were manufactured by BobOs Red Millv@ukie, OR.
Sweetpotatoewerecleaned andliced into approximately 0.6 cm slices gsan semiautomatic
slicer (Presto P&0 Eau Claire, WI) and then dehydrated in a cabinet dehydrator Weston Pro
1000, (Gainesville, VA) for 12 hours at j&D to achieve an 85% weight reductione&lworms
were roasted whole in an industrial foread oven at 938C for 60 minutes to achieve about a
55% weight reduction due to water loss. Dehydrated ingredients were then ground separately in a
RobotCoupe Blixe 3 (Vincennes Cedex, FR) to a fine powder consisteDoge all flours were
produced, they were mixed by hattdhomogenizeand reducevariability from batch to batch.
Homogenized flours were then stored in glass jar8&C in the dark to avoid enzyria and
chemical reactios) until needed.
Extrusion

Ingredient mixes were preparethily for extrusion. The mix was made of 45 parts
sweetpotatdlour, 35 parts mealworm flour, 15 parts rice flour, a@mgbarts corn starch by
weight, mixed by hand until visibly homogeneous, and then st refrigerationin ziplock

bags until time of us&ilot scale extrusions were conducted using a CoperionrZ65Stuttgart,
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Germany) cerotating twinscrew cooking extruder with a giie-screw volumetric feeder. The

water feed rate was set at 4 mL/min and the powdered ingredient feed rate was calibrated to 40
g/min. Powdered ingredient feed rate had to be set by hand based upon the rotation speed of the
feederauger and was meased by collecting powder coming out of the extruder for one minute

and weighing until a setting was found that produced the correct weight twice in a row. The
temperature of five different zones of the extrusion barrel could also be set individtigiiye(

1), as well as the screw spedthesewere the parameters variathongtreatments.

Three treatments were processed through the extruder, two with a barrel screw speed of
350 rpm (one with a final barrel temperature atC/and one at 13C) and one with a barrel
screw speed of 550 rpm and a final barrel temperature C1@&ble 1). Throughout this
report, these treatment groups are referred to by their final barrel temperature (e.g. 75, 110 and
130). These treatments were chosen to reptes&vide range of extrusion parameters used for
similar readyto-eat products in the industry (Stojceska et al, 2008). chosel30;C as the
highest heat treatment becayseviousresearch hadound that 14016GC treatments can
experience significant Maillard browning, which would negatively impact protein qy@ggn
et al., 2015, Villota antlawkes, 1994).

Eachrun used approximately 1 kg of dried ingredients. The final extruded products were
collected on aluminurgoveredtrays as they came out of the extruder in such a way that long,
continuous straight sections could be collected for texture analysis, and were then dehydrated on
the aluminum foil for 12 hours at @D. The whole extrusion process frareationof the mix
through dehydration of the product was replicated three times using the same raw ingredients,
which had been homogenized to minimize false variability in the data due to raw ingredient

variability. Random samples from each treatment group aplicagon were taken for the
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texture analysis, water activity measurement, and microbiological plating. The remaining sample
from each treatmengplicate group was ground up and homogenized for chemical analysis.
Analysis Overview

The flow of experimentsvas designed such that the completely nondestructive water
activity analysis was conducted first, followed by moisture analysis and then crude lipid analysis,
asthis produced dried and defatted samples, respectively, which were needed for several furt
analyses. Destructive analyses like crude protein, ash content, and protein quality followed
utilizing primarily the defatted samples, and texture and microbiology analyses were determined
with separate wground samples. The flowchart of the ovemdperimental designFigure 2)
summarizes all experiments.
Texture

Threepoint bend texture analysis was conducted using an Instron Universal Testing
Machine mode5542 (Norwood, MA) with 100 N load cell and a gap length of 0.4 cm. The
instrumentwas used to quantify the peak force required to btiealength ofsampleas well as
the distance thesampledeformed bedre breaking. With these valudise total workon the
samplewas calculatedThe analysis wasonducted as in Mariotti et.al2011), but utilizing
modified parameters on Launch Bluehill 2 Software. fElein technical replicates were tesiad
each treatment witBV<15(CV = 100x SD/mean).
Water Activity

Water activity was measured by filling a measurementwattp3 g of ground sampland
placing it into Aqua Lab Model 4TE (Decagon Devidesliman, WA) in a chilled mirror water

activity sensor, which measures the dew point of the sample and uses it to calculate water
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activity (Bradley, 2010). Three replicates were condud@deach treatmenturther replicates
were not measured becaubkedata points were not highly variable.
Moisture Content

Moisture content was measured gravimetrically using a vacuum oven to dehydrate
ground samples at 182 (Official Methods of AnalysifAOAC), 2005).A 5-g samplewasused
in each metal ehydrating pan, and threeplicates were conducted
Total Lipid

Crude lipid analysis was conductedth a Soxhlet apparatus that containsesikractors.
Samples were randomly assigned to ohéhe six extractors using a random number generator.
A 5-g sample was weighed into each thimble with the precise weights recorded, then the sample
was covered in glass wool and the thimble placed in the apparatus, which runs a continuous
stream 6 petroleum ether through the sample, conducting repeated extractions to remove all fat
present in the sample. This process was allowed to run overnight before the ether was evaporated
and the extracteddids were weighed (AOAC, 20033ecauseother analges required defatted
sample, this wathe firstchemical assagerformed.
Ash

Ground sample that had been dried andttefaas described above washed in a muffle
furnace fordetermination of mineral content. Defatted séampas used to minimize fat splatter
and prevent sample loss of very lightweight ash from the small crucibles. Ceramic crucibles were
labeled with a heatesisant pencil and fired at 53& for 4 hours in the muffle furnace to burn
any organic esidue. The crucibles were stored in a desiccator to cooth@ndsamplesvere

weighed into individual crucibles
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Total Protein

The Dumas method was used to calculate total nitrogethéosamples. An automated
micro-analyzer, the Elementar vario MICROcube was used. Samplég8 mfy were weighed
into tin capsules and deposited automatically into the combustion chamber. Standards of known
nitrogen concentration were utilized to createstandard curveo calculate the amount of
nitrogen gas produced and the amount of nitrogen present in the initial sample from the peak area
as conductetby Granchi and Grey (1987)otal protein content was calculated by multiplying
total nitragen content by a factor of 6.2hich is thestandardconversion factofor mealworms
(Nowak et al., 2016) answeetpotatdlour (Yadav et al., 2006). It is also the only acceptable
conversion factor to calculate the Protein DigestipiibrrectedAmino Acid Scor(PDCAAYS)
on a per gram of protein basis (FAO/WHO/UNRQOD. This factor is used baase most
proteins contain 16%itnogen(Bradley, 2010).
Protein Quality

Hydrolysis with hydrochloric acid and analysis using UPLC was fiosen method for
amino acid analysisdydrochloric @id was use@ccording tcSchaafsm#2009. Briefly, sample
was first ground and defatted, then mixed with water to inject intdhydeolysis tubes. The
tubes were therybphilized overnight to remove the water. About 6.01 g was hydrolyzed
with 500 pl 6N HCI overrght, as described in Guo et €015, but with the modification of
maintaining the samplasnder vacuumnot undemitrogen(Scoffoneand Fontana, 1970). The
hydrolysis product was then neutralized with an equal amount of 6N NaOH, diluted with Borate
Buffer up to a 1/200 dlition, and derigtized for HPLC(Shi et al., 2009)Amino acid standards
were derivatizedor samplequantification ofconcentrations of each amino acid (Shi et al.,

2009).Prepared standards were injected twiceshteck the precision, while the derivatization of
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the amino acid standds alongside the sampleasuredan accurate standard curve from which
to extrapolate concentrations. The PDCAAS was calculated from these numbers assuming that,
as for most animal proteins, the digestibility score is 100%.
Statistical Analysis

JMP statistical software (SAS Institute, Cary, NC) was used to conduct ANOVAs on the
data from the analyses. All variables were additionally analyzed with a TukeyOs HSD test to

determine which treatments had significantly different v@fuwem the others.

3. Results

The experimentwasdesigred to measure nutritional content and texturehefextruded
snackwith three final barrel temperatures:jZ5110C, and 13QC. Se€Table 1.
Texture

The texture results are shovim Table 2. The average ANOVAanalysis revealed a
significant trend £ = 0.0175) of work to fracture increasing as the final barrel temperature of the
extruder increased.hetrend was observeak the final barrel temperature increased, the agerag
work to fracture theroductincreased® = 0.084) The force to fracturef the 13QC treatment
wassignificantly higher than the 76 treatment® = 0.0414) and as a tremeashigher than the
11G,C treatment(P = 0.076) and average distze to fracture theample Results showedhe
distance to fracture theample decreasedith an increase of the final barrel temperature,

howeverthis was notsignificant (P = 0.429.
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Water Activity

The water activity is shown iRigure 3. The average water adty for all temperatures
was0.2639+ 0.008, with the lowest being 0.2586 for extrusion 1, 7% the highest being
0.3313 for a second extrusion sample at 75;C.
Proximates

Summary charts for the proximates of each tneait are shown iifable 3. There was no
statistical difference in moisture, lipid, or carbohydrate content among samples; however, there
was a statistically significant difference of 0.9% in total protein confentq005).
Moisture Content

The mosture content datare seen inFigure 4. Averagemoisture contenin 100 g of
finished productvas 1.95+ 0.002.There were no significant differences between treatn{énts
> 0.05).
Total Fat Content

The fat content is shown Figure5. There was no statistically significant effect with
extrusion treatment and total fat content ingheduct(?P > 0.05) The total fat content of the
treatmentsvas 10.55% for the 7€, 9.72% for the 11, and 11.43% for the 130 treatmend.

Ash
The average ash content across all treatment8as0.0003%, and it did not vary

significantlyacross treatments grouf¥&gure 6).
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Protein Quality

The proteincontent and quality arehown inFigure 7 and 8. Therewasno significant
difference between the total protein content folietiveentreatments; however, significant
difference was found betweéno treatment groupsP(= 0.005), with the 75;C treatmenhaving
significantly lower amino acicconcetration than the other two treatmeni&/hen compared to
the Amino Acid Requirement Pattern (US National Institutes of Health (NIH), 1883he
75iC treatmentamino acid profileonly histidine and threonine we sufficient to satisfy this
requirement. The extrusion data for 130 and 13QC treatmerd seened to satisfy the
requirement for most essential amino acids rmit for leucine, lysine andryptophan which
have a higher requiremerithe adequacy of these extruded snacks was assessed based on the
amino acid facts pattern reported for children, aggeas and older;which is based onthe
achievement oé nitrogen balancéhat wouldbe sufficient to support adequate lean tissue gain
(NIH, 1989) The requirement for each sential amino @d can be found irFigure 8. This
report showed amouns of tryptophan and methionine + cysteitiegat seemedadequately
recovere¢d however these amino acids require special attetgmause the hydrolysis method

usedis known to destroy tryptophamethionine andysteine
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4. Discussion
Texture

The temperature increase of the final bamektly affectedthe force to fracture and work
required to break the produdt. is possible that the increase of the final barrel temperature
caused a greater giee of starch gelatinization which could have led to a nooteesive
structure thatequiredmore work to break (Zhang et al., 2018%he resultsshowed that high
temperature caused products to be harder and more brittle.
Proximates

Extrusicn temperaturesesulted inno statisticaldifferences between thdreatments in
moisture, lipid, ash and carbohydrate cont&éhtre waso statistically significandifference in
protein contentFrom this,it wasconclude that the proximate data for all treatments show no
meaningful change across temperatures. These products are not affected by inhange
temperature in the range of-180;C or screw speed of 3550 rpm.
Water Activity

The main concern with measuring and evaluating the water activitiéiseofarious
extrusion temperatures is that they remain below 0.61. All of the satapted were well below
this marker for shelf stability, and there was little varmtizetween samples of the same
treatment (no statistical significance). It wdsterminedthat the treatment with thkwest
application of heat (75;C final barrel temperature) had the highest water activity af 0.G21.
Becauseall treatments were well below the limit, the water activity would not be a limiting

factor in deciding which temperature is best for pilot scale extrusion.
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Total Fat Content

There was no observable difference in the extracted fat caftéme treatments. This is
was attributed to the fact thigtty acids thermally degrade at far higher temperatures than what
the treatmentswere subjected to. In a nitrogenous matrix, fatty acids thermally degrade into
capric acid at 25@. At 300;C, ketones and aldehydes start to be produced. In the presence of
moisture, cotton seedil, for example,can hydrolyze at 2QC (Nawar, 1969). The observed
values were not far off othe theoreticalcalculated fat content, 13%Nowak, 2016) The
expected total fat content was calculated by adding up the fat content of all of the ingredients and
their respective parts.
Ash Content

The ahcontentmeasured was very close to the calculagokctedsalue of 3.5%based
on repats of proximate composition of individual ingredients (Nowak et al., 2016; US
Department of AgriculturédSDA, 2015). Since inorganic compounds that are measured by dry
ashing are stablet aemperatures of above 500iC, there wassignificant variation between
treatments or loss during cooking compared to the raw ingredid@ims. micronutrient
composition of mealworms can vasybstantially depending dheir diet (van Huis et al., 2013).
The slight difference from the expecteds attribuedto one of these two factors
Total Protein

There is littleresearchreportedon theuseof mealworms as a food ingredieartdprotein
composition and qualityOf thelimited data on mealworrsontaining productsa total protein
predictionof 21%wasbased on the proximate information for each ingredient and the amount of
each ingredient in the product. Tlergestprotein contributorto the productwas from the

mealworms, which are esated to have 125% protein and only a small amount from the
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sweetpotatoesl.2% (FAO 2015; Dansby and Bowv8énjamin, 2003). In comparison this,
with total protein of 23.12%, PlumpyONut,ameady established pearhased RUTF, has a total
protein value of 13.6% of wet weight (Nabuuma, et24l13).
Protein Quality

All of the 110;C and 130jGreatmentexceeded thstipulated amino acid requirement
for all groups of age US National Institutes of Health (NIHL989) while none of the 75;C
treatments didThe two higher heat treatments had signifigahigher amino acid contents than
the 75jC treatmentA < 0.01). This is further illustrated iRigure 8, which shows the 75;C
treatments having a lower amount of each amino acid shown. This may be due to the mechanism
of chemical proteindigestion reglting in an inappropriateor ineffective hydrolysis or
experimentakrtifact. Another possible explanation is related to the treatment temperatures. At
higher heatreatmentanore proteincould bedenaturedesulting inmore proteirreacing with
acidduring hydrolysisWhile there idittle researcldoneon the effect of heatingnd hydrolysis,
there has been some on the effect of heating and extrirtieygjousresearchmakes reference to
proteindigestibility increasingwith harsherextrusiontemperaturein food products containing
vegetable as well as some anirpabtein (Singhet al., 2007). This has been attributed to the
inactivation of antnutritional factors, which can inhibit protein digestibility. Destruction of
these inhilors is shown to increase with an increase in temperature, up to 139;C (Bjorck and
Asp, 1983). Other research has suggested a more complicated link between moisture flow rate,
temperature, and amino acid contehitldereand Filli (2015) have reported Qeision at low
temperature ranges of 1@to 130;CO as well as a moisture Oin the range of 20 to 30%0 could
be beneficial to retaining both reducing sugars and amino aditle. pattern of amino acids

measured from the higher temaemre extrusions was similar émalysis of mealworms reported
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by Yi and collaborators (2013), as seentable 4 Yi et al. (2013) also showed the protein
quality to be comparable to other protein sourtiks, soy and caseirilhe recovery of some
amino acids during thexgusiontreatmentt 75;Cportrayssome similarities specifically for the
guantification of His, Leu, Met+@s, Thr and Trp (Yi et al., 2013)Further research is required
to deermine the precise link between extrusion temperatures and amino acid quantifloation.
sweetpotatoesthe protein nutritional quality has been previously investigated. The sulfuric
amino acids(Met and Cys) have been identified as limiting amino acitlysine has been
reported as second limitin.oebenstein and Thottappil2009). In insects, trypiphan is
singled out as limitingThis could be the case fanealwormalthough the requirement for Trp
referenced by Li et al. (2013) was lowdhan the NR{1989) valuewhich may be true for older
chidren Limiting amino acids from their analysis was lysine, closely followed by methionine +
cysteing(Table 4)

This reportprovideda prototype produdhat combined protegifrom different sources,
which would result on an efficient way for one to get the essential amino acids. This is known as
protein complementation. The concept of protein complementdgones fromthe idea that
incompletesources of proteican be combined toomplenent the deficienciesn the limiting

amino acidsandimprove the overall quality of {Bressani, 1988)
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5. Conclusion

The goal of this project was to produce a dagttudedproduct thatould besuitable for
use as an RUTF ingredierthree different potential piloscale extrusion temperatures (75iC,
110jC, and 130jC)vere examinedto assess their suitability. Texture, nutritional content, and
water activity werestudied From the analyses performatljs concludedthat the 110iC and
130iC treatments werthe most nutritionally viable, particularly in terms of protein quality.
Most proximates are consistent across treatm&atsed on the guidelines summarized the
targets for RUTFSfrom UNICEF, FAO/WHO, andMAM requirements(Annan, et al., 2014)
all of the treatmentmetthe requirements for total protein, moisture, water actieitgl mineral
content While none of the treatments contained the required carbohydrate or lipid amount, it
should be understood that teeackcould be one part of the compents for the RUTF final
product. Further research should focus on performing a compiefiéee and quantification of

vitamins, minerak, andfatty acid.
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Table 1. An overview of the parameters (barrel temperatures and extrusion speed) that varied
between selected treatment groups.

Treatment Barrel Barrel Barrel Barrel Barrel Screw
Number | Temperature| Temperatur, Temperatur| Temperatur| Temperature| Speed
1 e2 e3 ed 5 (rpm)
(iC) (iC) ((9) (iC) (iC)
1 75 350
40 50 60
2 20 110
3 60 90 110 130 550

Table 2.Texture results for the 75;C, 110;C and 130;C treatments

Average Work | Average Fracture | Average Extension
Treatment J) Force (N) (mm)
T75 0.088+0.01% 1.039+0.20° 2.776t039
T110 0.143001° 1.649+0.16 2629039
T130 0.257+0.01° 3.922+027° 2.298:0.15
Pretzel 1.340 4.131 0.849
Table3. Proximate data for the 75;C, 110;C and 130;C treatments
Proximates in 75iC 110iC 130iC
Percentage
Moisture 2 2 2
Lipid 11 10 12
Total Protein 23 23 23
Ash 4 3 4
Carbohydrates 60 60 61
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Table 4. Amino acid composition, comparison betwagirements (NRC 198@nd reportd
analysisof mealworns as analyzed byi et al.,(2013.

Amino Acid Requirement Requirement Mealworm Flour
mg/kg/day (~2 yr) |mg/g Crude Protein| mg/g crude Protein
His 21 19 29
lle 31 28 43
Leu 73 66 73
Lys 64 58 54
Met + Cys 27 25 26
Phe + Tyr 69 63 100
hr 37 34 39
Trp 12.5 11 12
Val 38 35 61
Sum ofeaa 373 341 437
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Zone 1 Zone 2 Zone 3 Zom 4 Zone 5

e 0 O I |

20°C  40- 50- 60- 75,
60°C  90°C 110°C 110, 0or
130°C

Figure 1. An example layout of the extruder, with temperature ranges shown. Exactaeimpe
profiles for each tr@ment can be seen in Table 1.

’ Raw Matorials |

-—

- Al
[Totap | [ Lpd | [TowP | [ Lpd ] [ Toalp | [ Lipid |

[ Ash ] [P Qualty | [ Asn | [P Quaity | [ ash ] [P Qualty |

Figure 2. A flowchartthatsummarizes the flow of work from preparation of raw ingredients to
extrusion through all of the analyses conducted.
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Lipid Content based on Heat Treatment
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Figure 5. Average lipid content of all threegatment groups
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Figure 6. Average ash content atrosghreetreatment groups
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CHAPTER 6

CONCLUDING REMARKS AND SUGGESTIONS FOR FUTURE WORK
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Concluding remarks and suggestion for future work

The studies presented in Chapter 3 and Chapteofféred scientific nutritional
information about carbohydrate responses and hormonal interactions applied in a biological
study after the consumption of products derived from sy&@Yand white potato. The glycemic
index (Gl) of sweetpotat@hips, fries, powder and juiceerereported for the first time for these
specificproducts. Carbohydratmntaining foods are consumed as staple in most countries. It is
in the best interest that the food scientists develop products that would result in lower glycemic
and insulin respases.These types of foods will cause a slow, gradual rise in blood glucose with
longer duration energy levels.

In order to achievex low glycemic responseertainingredients andheir interactions
with other ingredients and processing conditions should be investidade@xample, one must
understand the processing and cooking methodshanidhpact orstarch granulesThe presence
of starchlipid complexescan be favorable, if selecting fan adequat®il-type. Oleic acid
present in vegetable oilss a moneunsaturated fatty acid thatoes not increaslw-density
lipoproteins (LDL),lower insulin sensitivityand or causeinflammatory condibns (Mondal et
al., 2011)

Starches that arsubjectedto gelatinization gelationand retrogradation processes can
have asignificart influence on the digestion and absorptioinstarches particularly in the
formation of indigestible @amplexes that result iRs.type esistant starche¥he Gl value in the
analyzed products is also impacted by the amount of dietary fiber presgnton-soluble
dietary fiber (particularly, cellulose and lignin) g the most impact. Furtihevork is needed
to determinenow theGl valuesare influenced bgoluble andhonsoluble fiberconcent of these

products
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An important part of glucose homeostasi©iormonal regulation. A more thorough view
of a glucose response can be obtainethbgsuringdifferent hormonesThis profile couldalso
include the responses achieved by calculatingpsmin Index(iIAUC) in combination withother
hormones sth as cholecystokinin (CCK) and Neuropeptide Y. These hormones are cedsider
potent appetite controllers through inhibition and stimulation respect{@lypper and Smith,
2005)

Sweetpotatopowder from culls can be added into different formulationéenhg an
additional value to this crop. Thehelf stable, nutritiousrange powder can like result of two
different processes. First, fresh culls can be dehydrated and ground with the use of simple
technologies such askitchen dehydratand a smalgrinder The powder can sb be a result of
culls from the juicing process. In both cases, dieéydrated fibrougranulescan beusedin
different food products. Chapter 5 and Appendix H offered two different applications for this.

The proteinquality in SP has been previously investigat&llfuric amino acids
(Methionine and Cysteine) have been singled out as limiting amino acids for thitysme is
reported as the second limiting amino acid (Walter et al., 1984)insects tryptophan is
reported as the limiting amino aci&uropean Food Safety Authority (EFSA), 2015). When
ingested togetheBP products and products derived of insects caoimplementaryThis effect
would increase the quality of the tofatotein consumed. A suggestion for future work will
include carefully examining the amino acid profile whieimking of the desigf a productthat
would improve food insecure condition€hitin, a polymer of glucosamine molecules, which is
also present in ins&; should also be quantified to be included as part asolable dietary

fiber.
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Supplementary Table 1. Comprehensive utilizatiosvedetpotat@nd commercial products
reported bywanget al., 2016

Categories Products According to author
Pasta, plai Noodles Lee et al. (2005); Lee et al.
(2006) Tan et al. (2006)
Starches, Sour starch Miguel et al. (2014)
modified Bread Greene and Bovebenjamin
(2004)
Pickled Gari El Sheikha and MontgR2014)
vegetables Lacto-Pickles Panda et al. (2007, 2009b)

Dairy products

Major
condiments
Beverages

Food
Additives

Acidophilus milk
Curd and yogurt

Red vinegar

Perez andan (2006)

Panda et al. (2006Mohapatra
et al. (2007)
Terahara et al. (2003)

Lactojuices fionalcoholic) Panda and Ray (20p8anda e
Wine and beeralcoholic) al. (2009a)

Panda et al. (2013)

Organic acidsléctic acid, Yen et al.(2010, Panda and

citric acid)

Ray (2008)

Sugar syups high fructoseJohnson et a{2009

syrup)
I -cyclodextrins

Alves-Prado et al(2008

167



Supplementaryrable 2 Classification of carbohydrates according to chemical composition
(Shepercet al., 2013)

Absorption /

Constituent Hydrolysis in
Subgroup
monosaccharide the small
intestine
Rapid, Active
1 Glucose N/A
absorption
Rapid,Active
Fructose N/A
absorption
Rapid, Active
Monosaccharides Galactose N/A
absorption
Passive
Xylose N/A
absorption
Passive
Sugars Arabinose N/A
absorption
2 Sucrose Glucose Hructose Hydrolyzed
Hydrolyzed (in
Lactose Glucose + galactos presence of
lactase) activity
Disaccharides
Maltose /
Glucose + glucose| Hydrolyzed
isomaltose
Alpha-Glucose +
Trehalose Hydrolyzed
Alpha-Glucose
Sorbitol,
mannitol,
Polyols Sugar Alcohols 1 lactitol, xylitol, N/A N/A
erythritol,
maltittol
Malto-
Oligossacharideg 39 Maltodextrin Glucose Hydrolyzed

oligosaccharides
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Supplementary Table Zontinued

Subgroup

Constituent

monosaccharide

Absorption /
Hydrolysis in the

small intestine

Galacte

oligosaccharides

One fructose, one

39 Non-hydrolyzed
Non-digestible -Raffinose glucose, one galactos
Oligossacharideq
oligosaccharides -Stachyose
Fructo Fructose polymer
3-10 No hydrolysis
oligosaccharides | (glucose terminal end
Amylose, Glucose polymers Hydrolysis except
Starch >10 amylopectin, linked with alpha for resistant
modified starches glycosidic bonds starches
Glucose polymers
>10 Cellulose linked with beta No hydrolyss
glycosidic bonds
Rhamnose with L
>10 Pectin arabinose, galactose No hydrolysis
xylose
Fructose polymer
Polysacchades Fructans (e.qg.
>10 (glucose in the No hydrolysis
Non-starchy inulin)
terminal end)
polysaccharides
Hexose, methyl
Plant gums and
>10 pentose and pentoseg  No hydrolysis
mucilages
sugars
Xanthan gum
>10 Hydrocolloids Gum Arabic No hydrolysis
Gum guar
Glucose polymer +
12 Polydextrose Hydrolyzed

sorbitol
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Chemical composition of products

& MICROBAC"®

CERTIFICATE OF ANALYSIS
Work Order Number:
7050688
NC STATE UNIVERSITY, FBNS Dats Reported
Sofla Feng Dats Received
400 Dan Allen Dr. Room 216A Customer &
Raleigh NC 27695 Customer P.O.
Prox, Fiber
Sampie & 7050688-01
Description: UTZ Potato Chips
Analycle Rocust Unite Method
Fat (Mojpnnier) 21 o100 g ADQALC S22 .06 (modtied)
Carbobydrate, Total 597 o100 g Calculation
Dietary Fiber, Total 297 Q'1D0g ADALC 991.43
Protein Factor 6825 AOAC 55215 (Dumas)
Protein 848 o100 g ADALC S52.15 (Dumas)
Moisture 131 % AOALC 2509
Ash 387 % AOALC S23.03
Sample & 705068802
Description: UTZ Swest Potato Chipe
Analyclc Rocust Units Method
Fat (Mojpnnier) 342 Q100 g AOAC S22 06 (modtied)
Carbotydrate, Total S50 o100 g Caiculstion
Dietary Fiber, Total 662 o100 g ADALC 991.43
Protein Factor 825 AOQALC 952.15 (Dumas)
Protein 525 @1D0g AQAC 952.15 (Dumas)
Moisture 273 % AOALC 2509
Ash 272 % AOALC S23.03
Sample & 705068803
Description: Potafo Fries
Analycle Rocust Unite Method
Fat (Mojpnnier) %] o100 g AOQALC S22 .06 (modtied)
Carbolydrate, Total 402 o/MD0g Caiculstion
Dietary Fiber, Total 575 9100 g ADALC 991.43
Protein Factor 825 AOAC 952.15 (Dumas)
Protein 455 o100 g AOQALC S52.15 (Dumas)
Moisture 455 % AOALC 2509
Tha cais and othar Ivforrraton confeined i Bis repod, s wel =8 sny L] swmiyred. They am repodad wpon e
condiion that ey a0 ot ko be wholy or in gt for or afthmr purpe wrthn spproval from the mborsiory.

Mcrobac Laboratories, Inc.

100 Marzhal Orive Warmendale, PA 15086 | 724-772-0610 p | 724-772-1686 f | waw.microbac.com

272017
050372017

ANGE9

So7
sMan7
sManz
sMon7
sMonM7
So7
ST

Dafo

So7
sManz
sManz
sMonM7
sMonM7
so7
ST

So7
sManz
sManz
sMon7
sMon7
Soa7

MM3
MD3
MD3
MD3

HEF

MM3
MD3
MD3
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HEF

MM3
MDo3
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MD3
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Chemical composition of products continued

NC STATE UNIVERSITY, FENS
Sofla Feng

400 Dan Allen Dr. Room 216A
Raleigh NC 27695

Prox, Fiber

Sampie & 705068803
Description: Potafo Fries

Sampie & 705068804
Description: Sweet Potato Fries

&>MICROBAC®

CERTIFICATE OF ANALYSIS
Work Order Number:
7050688
Dats Reported
Dats Received
Cusfomer #
Customer P.O.
Rocust Unite  Method
221 % AOAC S23.03

EREGEESL

Tha cals and other ivformaton confeined in Bs repod, s wal s sny

condiBion et Sy v not 1o e reprodeced wholly o In pat for 3 deecieing or o

Unite Method
9'1D0g AQAC S22 06 (modtied)
9100 g Caiculation
9100 g AOAC 591.43
AOAC 552.15 (Dumas)
9'1D0g AQAC 952.15 (Dumas)
% AOAC 52509
% AOAC 523.03

oty Be Thay am repodad spon e

‘wrinn spprowsl

Mcrobac Laboratories, Inc.
100 Marzhal Drive Warmendale, PA 15086 | 724-772-0610 p | 724-772-1686 7 | waw.mcrobac.com

1212017
050372017

ANGE9
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ST
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ST

HEF
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MD3
MD3
MD3

HEF
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Chemical composition of products continued

&>MICROBAC®

CERTIFICATE OF ANALYSIS
Work Order Number:
7041091

CAROUNA INNOVATIVE FOOD INGREDIENTS INC Date Reported
JAMIE GASLE Date Recelved
4626 Coleman Drive Cuctomer 3
Naszhwile NC 27856 Cuctomer P.O.
Nutritional, Standard Extended
Sample $: 704108101
Decoription: 708421 / Sweet Potato Syrup

Anslysis Resur Unins Memod

Calories 283 Caldog Atwater Calcdation Factors

Calories from Fat 00 Calidog Atwater Calcdation Factors

Fat (Total Trighycerides) <010 gH00g  ADAC 99608 MOD

Saturated Fat <010 gH00g  ADAC 99606 MOD

Trars Fat <010 gH00g  ADAC 99608 MOD

Polyunsaturated Fat- cis, cis <010 gH00g  ADAC 99606 MOD

Morounsat.rated Fat - cia <010 gH00g  ADAC 99606 MOD

Chalesterol <1.00 mgH00g  ADAC 95410

Sodim 764 mgi00g  ICPOES

Camctydrate, Total &80 g00g  Caloulation

Sugars, Total 429 gH00g  ADAC 922 14 MOD

Fructose 577 gH00g  ADAC 92214 MOD

Dextrose (Qluccse) 243 gHO0g  ADAC 922 14 MOD

Suroee 142 GHO0g  ADAC 922 14 MOD

Maee 184 gHO0g  ADAC 922 14 MOD

Lactose <050 gHO0g  ADAC 922 14 MOD

Dietary Fiber, Total 1.3 gH00g  ADAC 95143

Proten 485 gM00g  ADAC 952 15 (Dumas)

\itamin D <020 megM00g  ADAC 2011.12 MOD

Potassim 2670 mgHo0g  ICPOES

Caicium 849 mgi0g  ICPOES

iron 1.04 mgi0g  ICPOES

Vitamin A, Totad <S00 megRAE/100g AQAC 2001.13 MOD, JAOAC 671,695

Vitamin A (Retinel) <00 MgRASM00G  ADAC 200113 MOD, JAOAC 671, 695

Vitamin A (B-Carctene) <1.00 megRAE/00g AQAC 2001.13 MOD, JAOAC 671,695

Vitamin C <082 mglo0 g ADAC 96722 JADAC 755

Mosture 238 % ADAC 925450

Ash 538 Y ADAC 92303

Protein Factor 825 AQALC 992 15 (Dumas)

The dets and st e o, o vk any te

SoRAtion TaE Duay 06 2015 be Ipeduand wholly o @ pant s

Nicrobac Labomiories, Inc
100 Marshal Orive Warmendale, PA 15088 | 7247720610 p | T24-772-1888 1| www.microbac.com

42712017
od112017
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Chemical composition of products continued

NC STATE UNIVER2ITY, FEN2
Sofla Feng

400 Dan Allen Dr. Room 216A
Ralkeigh NC 27655

Prox, TDF

Sampie $: 708081101

& MICROBAC®

Decoription: Potato Flour Bob's Red Mill

Anslysis

Fat (Mojonnier)
Canchydrate, Totad
Dietary Fher, Total
Protein Factor
Protein

Maosture

Ash

CERTIFICATE OF ANALYSIS
Work Order Number:
7060811
Date Reported
Date Recelved
Cuctomer 3
Cuctomer P.O.
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Chemical composition of products continued

CIFI Nutritional Testing - Dehydrate Results

Lab| Microbac | Microbac | Microbac | Microbac | Microbac | Microbac
Work Order Number 6020972 6020971 6020970 6020968 6020966 6030314 Dehydrate Nutrional Recap
Date Received 2/11/16 2/11/16 2/11/16 2/11/16 2/11/16 3/1/16
Date Reported 2/23/16 2/23/16 2/23/16 2/23/16 2/23/16 3/16/16
Lot Number 603601 603302 603301 604901 602501 605601
PPACK Number DP-000171 DP-000085 | DP-000077 | DP-000066 Average
|Manufactt. 2/8/16 2/3/16 2/2/16 2/1/16 1/26/16
Product| A10052 Al10073 Al10047 Al0047 Al0047 Al0010 Average SD |Less3SD
Calories Cal/100g 360 369 371 370 362 374 364.1 10.60 3324
Calories from Fat Cal/100g 5 6 5 4 5 6 5.29 0.59
Fat (Total Trigylcerides £/100g 0.58 0.72 0.5 0.48 0.58 0.66 0.61 0.07
Saturated Fat £/100g 0.23 0.27 0.18 0.18 0.22 0.23 0.22 0.02 0.1
Trans Fat £/100g <0.10 <0.10 <0.10 <0.10 <0.10 <0.10
Cholesterol mg/100g <1.0 <1.0 <1.0 <1.0 <1.0 <1
Sodium mg/100g 22.2 22 224 224 214 8.74 19.5 3.82 8.0|
Carbohydrate, Total £/100g 81.2 82.7 84 83.7 815 84.5 82.5 2.44 75.1
Dietary Fiber, Total £/100g 253 29 31 32.2 27.9 29.5 28.1 1.83 226
Sugars, Total £/100g 226 18.6 21.2 20.5 23.8 25.8 23.7 2.69 15.6
Protein £/100g 7.39 7.94 7.66 7.61 7.69 7.44 7.25 0.38 6.1
Vitamin A, Total 1U/100g 20900 22100 13600 11200 13200 29600 15732 9233 -11967
Vitamin A (Retinol) 1U/100g <98.0 <99.0 <95.8 <98.0 <92.8 <774
Vitamin A (B-Carotene) 1U/100g 20900 22100 13600 11200 13200 29600 15732 9233 -11967
Vitamin C mg/100g <0.98 <0.98 <0.99 <0.99 <0.98 <1.08
Calcium mg/100g 232 358 363 367 273 324 308.6 | 36.66 198.6
Iron mg/100g 2.28 343 261 2.67 2.65 2.34 2.77 0.84 03
Moisture % 6.78 4.19 351 3.73 5.94 291 5.75 2.67 2.3
Ash % 4.02 4.44 43 4.44 4.28 447 413 0.23 3.5
Potassium mg/100g 1580 1553.33 [ 266.62 753.5
Protein Factor 6.25 6.25 6.25 6.25 6.25 6.25 6.25 0.00 6.3
Fine Granule Granule Granule Granule Fine
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Pre-screening questionnaire for inclusion criteria (page 1/2)

Please check (! ) in each circle if you relate to any of the following health and habit

categories:

Glycemic Index Study, Feng, IRB 9415

o

Healthy nen and women with wide age €65 y)

BMI ranges [(in kg/rf) 20ER9.9] from RaleigkDurham area

Is your BMI " 35 kg/m?

Have you been diagnosed with type 1 or&bétes?

Have you had a record of fasting glucose "125 mg/dL

Use of medications or supplements known to affect glucose metabolism for ex
insulin, sulfonylureas, metformin, glucosidasgibitors, thiazolidinedione, insuli
sensitizers, gastrointestinenotility (prokinetic agents), or affecting lipid metabolis
(bile acid sequestrants, fibrates, cholesterol absorption and nicotinic acids, a
steroids, fish oil)

Renal diseasas defined by a history of chronic kidney disease

Liver diseases defired by a history of chronic hepatitis B or C, cholestatic or cirrh
liver disease, onalcoholic fatty liver disease

Pancreatic diseaselistory of chronic pancreatitis, or history of acute pancreatitis w
the last yeg

Cardiovascular disease

Also urcontrolled hypertension as defined sstolic blood pressure (SBP) > 140 n
and diastolic blood pressure (DBP) > 90 mm.

Inflammatory bowel disease oratabsorptive disorder

ample:

m

nabolic

otic

thin
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Pre-screening questionnaire for inclusion criteria (page 2/2)

Disorders of esoplyal

Disorders in gastrointestinal motility or

Previous esophageal or gastric resection

Hypo- or hyperthyroidism

Anemiaas defined by screening hematocrit of 34% for women and 38% for men
Pregnancy

Breastfeeding

History of polycystic ovary syndrome

History of autoimmune or other connective tissue disorders associated with ¢
inflammation, such as rheumatoid arthritis

Smoking within the past 6 months

Alcohol consumption more than 7 drinks/week

Weight gain or loss of more than 15 Ibs within 6 monthsrpo enroliment.

Fasting glucose " 125 mg/dIMeasured by fingering prick at the time of screening

Unwillingness to adhere to study protocol
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INFORMED CONSENT FORM for RESEARCH p1 of 3

North Carolina State University
INFORMED CONSENT FORM for RESEARCH
Title of Study: Glycemic responses to sweetpotato products (fries, chips, and flours)
Principal Investigator: Jonathan Allen
Co-investigators: Sofia Feng, Van-Den Truong

What are some general things you should know about research studies?

You are being asked to take part in a research study. Your participation in this study is voluntary. You
have the right to be a part of this study, to choose not to participate or to stop participating at any time
without penalty. The purpose of research studies is to gain a better understanding of your blood glucose
responses after the consumption of products derived of sweetpotato and white potato.

You are not guaranteed any personal benefits from being in this study. Research studies also may pose
risks to those that participate. In this consent form you will find specific details about the research in which
you are being asked to participate. If you do not understand something in this form it is your right to ask
the researcher for clarification or more information. A copy of this consent form will be provided to you. If
at any time you have questions about your participation, do not hesitate to contact the researcher(s)
named above.

What is the purpose of this study?
The purpose of the study is to investigate the effect of sweetpotato and white potato on changing your
blood glucose levels (glycemic index).

What will happen if you take part in the study?
If you agree to participate in this study, you will be asked to

1. Fill out a health questionnaire.

2. Schedule your first session, where you will come in fasting state (in the morning, after not consuming
any food for 6-8 hour span). We will ask about foods consumed and activity on the previous day. Your
sessions will take place at room 216A Schaub Hall, NCSU, Raleigh, North Carolina 27695.

We will be measuring your weight and height and determining your fasting glucose data through a finger
puncture. If the value we collect is less than 100 mg/dl we will ask you to continue with our study. In that
case, you will consume a beverage that contains 50 g of sugar (glucose) and repeat the blood glucose
measurement again for six times in a 2-hour period. During this interval we will ask you to collect a larger
blood sample from your finger tip for measurement of hormones related to control of blood glucose. The
outcomes of this research are not for medical diagnoses and if you observe a result that is abnormal, you
may consult with your personal physician.

3. We may also fit you with a continuous glucose monitoring (CGM) device that inserts a very thin wire
beneath the skin on your abdomen. This sensing wire is connected to a computer chip that records your
blood glucose concentration at 5-minute intervals for up to 7 days. When we know this device is working
and providing equivalent data to the finger puncture measurements, you can have fewer finger punctures
to measure blood glucose. The device is taped to your skin and allows you to swim or shower normally.
Insertion of this device by our staff only takes a few minutes. It will be checked by staff each morning
when you come for your food samples and may be replaced if the probe is detached or malfunctioning.

4. We will schedule the next sessions for the following four mornings. We prefer that each participant
repeat this procedure for 2 consecutive weeks with the same breakfast foods. Each session will take
approximately 120-140 minutes.

5. Wear an activity tracker that counts you steps each day and allows you to enter diet records.
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INFORMED CONSENT FORM for RESEARCH p2/3 (continuation)

Risks and Benefits

(A). Repeated finger sticks for blood sampling often results in soreness on the fingertips that goes away
within a day. There is a remote risk of infection if you do not clean the blood collection site well before
lancing. If you have irritation on the fingertips we can escort you to the NC State University, Student
Health Center for a more detailed evaluation.

(B). Ingestion of 50g glucose drink will elevate the blood glucose like a can of soda does. An episode of
osmotic diarrhea can occur when a person drinks solutions with excessive sugar or excessive
concentration, this happens when too much water is drawn into the bowels. If any participant experiences
any gastric problems, we will escort them to the NC State University, Student Health Center or call 911.

(C). The continuous glucose transmitter can cause irritation. This is a small, lightweight device that
attaches to the glucose sensor, gathers glucose data, and stores it for downloading to a computer at the
end of each week. The glucose sensor is inserted with a needle, which is removed after the glucose
sensor is in place. The most common place to wear a glucose sensor is in the abdomen. There is a
remote risk of infection if you do not clean the blood collection site well before insertion. Pain can occur
when the tape holding the device in place is removed if there is hair on the site. You will be offered the
option of shaving the location before the sensor is placed. The sites for the glucose monitors and blood
collection will be thorough cleaned with alcohols wipes to prevent infections.

Some people experience irritation from the medical tape that adheres the CGM device to the skin. Pain
upon its removal is like removing a Bandaid. The sterilized sensing probe of the CGM device remains
below the skin for several days at a time, creating a small risk of infection. The iPro2 device should not be
used during magnetic resonance imaging (MRI), x-rays, computed tomography (CT) scans, intensity
modulated radiation therapy (IMRT), or other treatments that generate strong magnetic belds or ionizing
radiation. Data generated by this device in this study should not be used for medical diagnoses. Bleeding,
swelling, irritation or infection at the insertion site are possible risks associated with inserting the sensor
and may result from improper insertion and maintenance of insertion site. If sensor is not securely placed
in Sen-serter prior to insertion, pain or minor injury may occur. If you develop inflammation, redness,
soreness or tenderness at insertion site, or if you experience unexplained fevers, remove sensor.

Check site often for these conditions and to ensure sensor is still in place, especially before going to bed
and upon waking. Always make sure the sensor is firmly attached so that it does not come out of your
body. Factors that may increase the likelihood of the sensor falling off include increased physical activity
(particularly for younger patients) and improper taping technique. We will provide additional tape if the
device becomes loose.

As a participant of this research you will learn about your glycemic response and will gain better
nutritional knowledge about food choices and preparations with sweetpotato products.

The indirect benefits include the support to sweetpotato growers that can potentially be benefited from
indirect marketing after researchers publish any results that show the benefits of consuming sweetpotato.

Confidentiality

The information in the study records will be kept confidential to the full extent allowed by law. Data that
can be linked to your identity will be stored securely in locked filing cabinets in our locked lab or office.
Email from you with such information will be deleted from our computers as soon as it is not needed. Data
that you collect for the study will have an ID code that will be used in our working files prior to statistical
analysis. These files will be password protected and encrypted on our computers. No reference will be
made in oral or written reports that could link you to the study.
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INFORMED CONSENT FORM for RESEARCH p3/3 (continuation)

Compensation
For participating in this study you will receive $20 after each session as incentive, or $10/hr for sessions

exceeding 2 hr. However, you will not be paid if you withdraw from this research after only one session or
your glucose test outcome disqualifies you from the research study. Your complete participation is very
important. However in the event that you withdraw from the study prior to its completion, you will be
compensated for the amount of completed sessions.

Emergency Medical Treatment

If you are hurt or injured during the study session(s), the researcher will contact the UniversityOs
emergency medical services at 515-3333 for necessary care. There is no provision for free medical care
for you if you are injured as a result of this study.

What if you are a NCSU student?
Participation in this study is not a course requirement and your participation or lack thereof, will not affect
your class standing or grades at NC State.

What if you are a NCSU employee?
Participation in this study is not a requirement of your employment at NCSU, and your participation or
lack thereof, will not affect your job.

What if you have questions about this study?

If you have questions at any time about the study itself or the procedures implemented in this study, you
may contact the researcher, Dr. Jonathan Allen, at 100G Schaub Hall, NCSU, Raleigh, North Carolina
27695 or by phone (919) 513-2257

What if you have questions about your rights as a research participant?

If you feel you have not been treated according to the descriptions in this form, or your rights as a
participant in research have been violated during the course of this project, you may contact Deb Paxton,
Regulatory Compliance Administrator at dapaxton@ncsu.edu or by phone at 1-919-515-4514.

Consent To Participate

Ol have read and understand the above information. lhave received a copy of this form. | agree to
participate in this study with the understanding that | may choose not to participate or to stop participating
at any time without penalty or loss of benefits to which | am otherwise entitled.O

Subject's signature Date

Investigator's signature Date
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GLYCEMIC INDEX TRIAL HANDOUT
Page 1 of 2

INSTRUCTIONS FOR iPro2 CALIBRATION

IPro2 requires calibration with blood glucose meter (BG) 1 hour after installed and
3 hours after as well as at hour 12 after installation.

IPro2 in place on

BG 1 hou after: AT
BG 3 hours after: AT
BG 12 hars after: AT

BMI calculation

Weight
Height
BMI

Test will start tomorrow after fasting on

On the day of the test we record consume the food in span of 10 snfnatmore
than 10 minutesand drink no more than 250mL whter.

Blood samples must be drawn at 15, 30, 45, 60 90 and 120 min started with the
first bite of the test meal.

A larger sample of blood will be collectedrain O and min 60
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GLYCEMIC INDEX TRIAL HANDOUT
Page 2 of 2

Time BG ‘Meal (food/drink) Carbs Dosage Activity Duration Other

Name:

iPro2 serial number:
Meter brand:

Meter ID:

SMTWTHFS |

Time BG Meal (food/drink) Carbs Medication Dosage Activity Duration Other

First day:
Take your first two blood glucose tests at

: and B , and at least
once more before midnight.

Throughout the study:

Test your blood glucose at least four times
a day, for example: before breakfast, lunch,
dinner, and bedtime.

SMTWTHFS |

Last day:
Test your blood glucose at least three
times.

Return date:
Please return devices with completed |
sheeton ! at : .

SMTWTHFS |

Time BG Meal (food/drink) Carbs Dosage Activity Duration Other

SMTWTHFS |
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Supplementary dble 3.Analysis of varianceANOVA) for the analyzed products

ANOVA

Product DF Sum of Mean F Value Pr>F
Square
Squares
Chips 7 24317 39.397 17.835 <0.001
| Fries | 7 | 5127| 50.809)| 2.370] 0.023 |
Powder 7 35605 57.682 18.855 <0.001
| Juice | 3 | 492.5| 76.836 0.4347| 0.72]
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Supplementary table Analysis of variance (ANOVA) fomsulin

Hormone Source DF DFDen F Ratio Prob >F
Insulin Potato 1 72 12.83556 0.00061
Insulin Presemation 3 72 3.29781 0.02517
Insulin | Potato*presentatio 3 72 3.21793 0.02772

Supplementary table ZAnalysis of variance (ANOVA) foC-Peptide

Hormone Source DF DFDen F Ratio Prob >F

C-peptide Potato 1 72 11.2845147 0.001252473

C-peptide Presenation 3 72 14.25302091 2.19744E07

C-peptide| Potato*presentatio 3 72 7.546957609 0.000185026

Supplementary table 3. Contrast between SP and WP powder, for insulin

NumDF

DenDF

F Ratio

Prob>F

1

72

18.0471]

<.00014

NumDF

DenDF

F Ratio

Prob>F

1

72

30.8427

<.00014

Supplementary table Bnalysis of variance (ANOVA) foGIP

Supplementary table 4. Cordtdoetween SP and WP powder, fep€ptide

Hormone Source DF DFDen F Ratio Prob >F
GIP Potato 1 72 7.1852 0.0091
GIP Presentation 3 72 10.7724 0.0000
GIP Potato*presentatior| 3 72 3.3285 0.0243
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Supplementary table €ontrast between SP and WP powder, for GIP

NumDF

DenDF

F Ratio| Prob>F

1

72

15.568§ 0.0002%

Supplementary table Analysis of variance (ANOVA) foghrelin

Y Source DF DFDen F Ratio| Prob>F
Ghrelin Potato 1 72 0.3057 0.5820
Ghrelin Presentation 3 72 5.3717 0.0022
Ghrelin | Potato*presentatio 3 72 1.6606 0.1831
Supplementary table 8 Contrast between SP and WP fries, for ghrelin
NumDF| DenDF F Ratio| Prob>F
72 4.4274 0.0389%
Supplementary table @nalysis of variance (ANOVA) foGLP-1
Y Source DF DFDen F Ratio| Prob>F
GLP-1 Potato 1 72 0.8632 0.3560
GLP-1 Presentation 3 72 5.7273 0.0014
GLP-1 Potato*presentatio 3 72 3.7148 0.0152
Suppkmentary table 1®Rnalysis of variance (ANOVA) foGLP-1
Contrastf NumDF| DenDF F Ratio| Prob>F
Between 1 72 45125 0.0371%
chips
Betweer 1 72 5.2209 0.0253%
powders
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Supplementary table 1Analysis of variance (ANOVA) foglucagon

Y Source DF DFDen F Ratio] Prob>F
Glucagon Potato 1 72 0.1522 0.6976
Glucagon Presentation 3 72 0.8965 0.4473
Glucagon | Potato*presentatio 3 72 4.5753 0.0055

Supplementary table 1Zontrast between SP and WP chips and povideglucagon

NumDF |DenDF |F Ratio Prob>F
1 72 9.824(¢ 0.0025%

Supplementary table 18nalysis of variance (ANOVA) foleptin

Y Source DF DFDen F Ratio| Prob>F
Leptin Potato 1 72 0.0131 0.9091
Leptin presentation 3 72 2.565 0.0612
Leptin Potato*presentatio 3 72 4.356 0.0071

Supplementary table 14ontrast between SP and WP chips and powder and SP juice and
glucose solutiorfor leptin

Contrast| NumDF| DenDF F Ratio| Prob >F
Between A
powders 1 72 6.7060 0.0116
Between
SP Juice
and
glucose
solution

1 72 5.0344 0.0279%
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B-CAROTENE RETENTION IN BREADS FORMULATED WITH SWEETPOTATO AS

A FUNCTIONAL INGREDIENT

SofiaFeng®, Jonathan C. Alleh

! Department of Food, Bioprocessing and Nutritional Sciences, North Carolina State University,
Schaub H4dJ 27695

Technical Research Paper. As prepared and presented at Institute of Food Technologist
(IFT 2016). July 16-19™, McCormick Place: Chicago, Illinois
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B-Carotene retention in breads formulated with sweetpotato as a functional ingredient
ABSTRACT
Vitamin A deficiency is a major global micronutrient deficiency of concern associated with
xerophthalmia, blindness and weakened immune systems that can lead to premature death. !
Carotene is a bioactive precursor retinoid that cam fatamin A. The objective of this project
was to determine the retention ofcarotene in three different bread formulations including
sweetpotatangredients. The formulations included: 1. wheat svdetpotatdlour, 2. wheat and
sweetpotat@uree and 3. a composite of flours (rise/eetpotatpwhite potato and soy). Also,
the !-carotene retention was determined oswseetpotatdlour produced irhouse from fresh
Orangeflesh Covingtonsweetpotatogsa commercialsweetpotatopuree and a commercial
sweetpotatdread market in Kenya-Carotene in all products and ingredients was obtained by
hexane extraction and measured by spectroscopy absorptiorof 450 nm. The three bread
formulationswere baked in a Panasonic 3M250 aitomatic bread makeihe formulations
were prepared as follovidread 1:Sweetpotatd-lour Bread, withsweetpotatdlour substituting
for 25% of the wheat flauin the standard bread maker recipeed&t 2:SweetpotatdPuree
Bread,with sweetpotaturee substituting for the 25% of wheat flour; Bread 3: Gluten Free
High ProteinSweetpotatd=lour Bread that used a mixture of radients, including 25% as
sweetpotatdlour to replace all wheat flour. The averagedrotene content of thagredients
were adollows. Sweetpotatdlour andsweetpotatpuree was 372.5 pg-carotene/g ofample
and 95.7 ug! -carotenecarotene/g respectively. Thechrotene contents of bread samples were:
Bread 1: 69.5 and 39.1 (pesffrigeration) ug! -carotene/g, Bread 2: 145.7 and 94.9 (post
refrigeration) pg! -carotene/g, Bread 3: 61.90 and 3§postrefrigeration) pg! -carotene/g.

Previously reported-tarotene content in cooked orarftgshedsweetpotatoewas around 67 to
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160 mg/kg fwb (Truong, 2010), similar to our ingrediei@aeetpotatdread made ith puree
(bread 2) showed a 65.3% recovery of thealotene supplied in the puré&aweetpotatdread
from bothsweetpotatdlour and puree yield higher levels ofchrotene that may help prevent
vitamin A deficiency in developingountries.

1 Introduction

I -carotene is a precursor (bioactivigrm to vitamin A and retinoid. Vitamin A
deficiencies are associated to xerophthalmia, blindness and prematuf8. d@athge fleshed
varieties ofsweetpotatoe$/pomoea batatas L.) are used as staple food in many countries.
Flour and puree can be derived fremeetpotatoe®r long termstorage and used as functional
ingredients in different preparatidisThese ingredients can be furtheriched with thiamin,
niacin, riboflavin, folic acid, and iron to improve their nutrient peil

Sweetpotatoflour (SPF) can be derived using simple processing methods. SPF is a
nutrientrich, shelfstable product that can be used asulstitute for wheat flour in bread
makind®. Sweetpotatgurees (SPP) are currently used as a functional ingredient in numerous
food products, such as baby food, casseroles, puddings, pies, cakes, ice cream, yogurt, leather,
bread, pattie and soup3.

To reduce wheat imports in developing countries and/or to improve nutritive value of
bakery products, studies have been conducted on the use of composite flours, which consist of
blending wheat flour with flours from other cereals, @t® legumes or tubers. Numerous
reports describe aspects of the total or partial replacement of wheat flsurebypotatqulp,
flour or starch to produce bakery and confectionary products, noodles and breakfasf!cereals
Over centuriespread has been regarded worldwide as one of the most popular staple food

product§”.
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2 Materials and Methods

Preparation of breads

Two different loaves for each formulation were prepared using the formulation shown on

Tables 13 using an automatic bad makePanasonic SEYD250. In order to study thé-

carotenegetention d loaves were stored for ten days at refrigeratemperatures ofjC and all

the ingredients involved inugntification were stored at8;C.

Table 1. Bread formulated wigweetpotatdlour

Ingredient Amount (g)
Water 304
Wheat flour 225
Sweetpotato flour 75
Sugar 9.78
Xanthan gum 7
Egg white powder 6
Shortening 5.22
Dry yeast 2.61
Salt 2.4
Table 2 Bread formulated witlsweetptatopuree
Ingredient Amount (g)
Water 304
Wheat flour 225
Sweetpotato puree 75
Sugar 9.78
Xanthan gum 7
Egg white powder 6
Shortening 5.22
Dry yeast 2.61
Salt 2.4
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Table 3.Bread formulated with composite of flours

Ingredient Amount (g)
Water 304
Rice flour 210
Sweetpotato flour 30
White potato flour 30
Soy flour 30
Xanthan gum 11
Sugar 9.78
Egg white powder 6
Shortening 5.22
Dry yeast 2.61
Salt 2.4

B-carotene quantification

Extraction of! -carotenewas based on a method described by Chandler and Sctlartz
(1988). ! -carotene was extracted with a mixture of hexamel acetone solvents (organic
extraction) and spectrophotometrically quantifi@diefly: 5 grams ofporoductwere mixed with
25 mL of methanol for 1 minuteThe mixture was filteed under vacuum through a funnel. 50
mL of a hexan@®acetone (1:1) mixturavas preparedadded and stirred, filtered again wish
repeated additianof hexan@®acetone (1:1) mixture until the filter cake ned white. The
colorlessresidue in the funnel was washed two more times with 25 mL of methanol and then by
50 mL of the hexari@&acetone mixture. All of the extracts were combined in a 250 mL separatory
funnel and washed with wates. mL of saturated sodiumahloride solution were added to the
funnel to facilitate phase separation. The aqueous phase was discarded and the upper layer was
transferred to a 5L volumetric flask and made to volume with hexane. Samples were
analyzed using a&pectrophotometeat 450 nm andreadings were recorded. Quantities were
determined as follow:-carotene (ug/mL) = A / (e * If) * DF, whereA = absorbances = 2592

is the molar absorptivity of-tarotene, and DF is the dilution factor.
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Results and Discussion

Different than the loaves, thegredientgsweetpotatdlour andsweetpotatgpureg were
stored for 10 days afl2iC. The recovery rrom these ingredients was the highest: 94.7% and
98.7% respectivelyTable 4and Figure 1 The ombination of very low temperature and low
light exposure allowed such high retentiddn increase in firmness and in the amount of
retrograded chains was observeossibly because of staling phenomendfi. Refrigeration
affected Fcarotene content over 10 days storage. The retention was only of 45.9, 65.1 and 74.8%
for Breads 1, 2 and 3 respectively. An incomplete extraction-adrbtene could have been
performed becagsof the hard matrix thadid not allow the solvent to enter and release the
carotenoids. Metal oxidative activity fromheat flour enriched with ironcould have also
affected the retention percentage by ieduced Lcarotene oxidatidr.
Conclusion

I -carotene retention was the highestl&jF for SPF and SPP -¢arotene content could
have been affected because of an incomplete extraction or iron oxidative activity that affected the

retention percentage.

198



Table 4. Summargf Findings for +carotene Quantification

Treatment Average Fresh Average After Retention
Refrigeration percentage
vg of B-carotene / g of sample
Bread 1 69.5 31.9 45.9
Bread 2 145.7 94.9 65.13
Bread 3 61.9 46.3 74.78
Sweetpotato flour 382.5 362.4 94.74
Sweetpotato puree 96.3 95.0 98.69
Bread imported 25.3 - -
from Kenya
Carotenoid degradation over time

4500

4000

350.0

300.0

& 2500

X 2000

150.0

100.0

09 | — | ——

SWEETPOTATO
FLOUR®

SWEETPOTATO BREAD 1 BREAD 2 BREAD 3
PUREE®

Biresh Wrafrigerated

*Stored at -80F

Figure 1. Carotenoid degradation after 10 days of refrigeration
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