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CHAPTER |

INTRODUCTION

1.1 Background and significant of the study

Functional foods are defined as foods that they beneficially affect one or more
target functions in the body, beyond basic nutrition (Ozen, Pons, & Tur, 2012). The
concept of functional foods is not only essential for living but also as a source of
mental and physical well-being. Functional foods may prevent and reduce the risk
factors for several diseases and enhance physiological function (Howlett, 2008). In
recent years, the global market for functional foods has been growing rapidly
worldwide. Especially, the main market is Asia Pacific, account for 34% of total revenue
worldwide market (Vicentini, Liberatore, & Mastrocola, 2016). It has been shown that
several reasons for increasing use of functional foods include personal health
awareness, increased incidence of self-medication, increased level of information from
health authorities, and desire to good quality of life and scientific developments in
nutrition research (Granato et al., 2020). For instance, probiotic yogurt and fermented
milk are particularly fashionable gut health products in Japan (Granato et al., 2020),
whereas fortification with fiber, calcium, and vitamins are popular in the United States
(Siro, Kapolna, Kapolna, & Lugasi, 2008). Typically, plant-based foods such as fruit,
vegetable and whole grains are recognized as functional food due to phytochemicals

contents and their bioactivities (Shahidi, 2009). Previous reviews stated that bioactive



of functional foods have been promoted as optimal defensive antioxidants by reducing
oxidative stress. Antioxidants are commonly found in the plant-based foods such as
vitamin C, vitamin E, carotenoids, flavonoid, phenolic acid, and anthocyanins. They
have high potential for regulation of metabolic balance and therapeutic options for
metabolic syndromes (Brown, Poudyal, & Panchal, 2015; Howlett, 2008).

Today, it has been clearly demonstrated that dietary and lifestyle modification,
especially the use of functional food could produce a credibly decreased risks in
metabolic syndromes, resulting in decreased comorbidities (Brown et al., 2015).
Previous cohort studies revealed that regular consumption of polyphenol; flavone,
flavonol and catechin decreased in percentage of body fat, wait-to-hip ratio and lower
body mass index (BMI) in Chinese and Netherland people (Chiva-Blanch & Badimon,
2017; Hughes et al., 2008). The positive effects of polyphenols on body fat are due to
enhancing thermogenesis, increasing fat oxidation, increasing energy expenditure
(Dulloo, Seydoux, Girardier, Chantre, & Vandermander, 2000), enhancing noradrenaline-
induced lipolysis in adipose tissue and inhibition of pancreatic lipase activity leading
to the favorable changes of abdominal fat distribution (Han et al., 2001). Interestingly,
plant bioactive compounds especially polyphenol and anthocyanins have been shown
to inhibit pancreatic O-amylase and Q-glucosidase activity consequently to reduce
postprandial hyperglycemia (Adisakwattana et al., 2010; McDougall et al., 2005). For
example, consumption of Clitoria ternatea flower extract with high content of

anthocyanins suppressed peak postprandial glucose and insulin concentration (Chusak,



Thilavech, Henry, & Adisakwattana, 2018). Furthermore, consumption of plant-based
antioxidant improved plasma antioxidant capacity in human subjects ( Scalbert,
Manach, Morand, Rémésy, & Jiménez, 2005). It has been investigated that consumption
of blueberry, Clitoria ternatea, chokeberry or mixed grapes were associated with
increased postprandial plasma antioxidants such as ferric reducing ability of plasma
(FRAP), oxygen radical absorbance capacity (ORAC) and trolox equivalent antioxidant
capacity (TEAC) (Chusak et al., 2018; Nalsén, Basu, Wolk, & Vessby, 2006; OszmiaNski &
Lachowicz, 2016; Prior et al., 2007). In addition, consumption of strawberry rich
anthocyanins significantly attenuated postprandial inflammatory response as
measured by high-sensitivity C-reactive protein (hs-CRP) and IL-6 in overweight subjects
(Edirisinghe et al., 2011). Likewise, short-term consumption of anthocyanins rich
blackcurrant extract significantly lowered the level of TNF-Q and IL-6 (Lyall et al.,
2009). It has been demonstrated that plant-based anthocyanins may inhibit the
activation of NF-kB, resulting in a suppression of TNF-Ql and IL-6 secretion (Karlsen et
al., 2010; Karlsen et al., 2007). Therefore, plant-based anthocyanins may be considered
as a functional ingredient for develop functional foods by reduction of postprandial
glucose, improvement of plasma antioxidant capacity and lowering of pro-
inflammatory cytokines.

Anthocyanins are the group of naturally occurring pigments belonging to the

family of polyphenols. They are responsible for red, purple, and blue colors presented



in plants such as blackberries, blueberries, bilberries, grape, strawberries and black rice
(Tian et al., 2019). Recent evidences reveal that anthocyanins exert their biological
effects including antioxidant activity, anti- hyperglycemia, anti- hyperlipidemia, anti-
inflammation, and improvement of gut microbiota (Krga & Milenkovic, 2019; Tian et al.,
2019). In current food processing and manufacturing, anthocyanins are often used as
a natural food additive and colorant in milk, ice cream and yogurt (Morata, Lopez,
Tesfaye, Gonzalez, & Escott, 2019). Scientists discovered that incorporation of
anthocyanins to yogurt improves antioxidant activity (Jaster et al., 2018; Trigueros,
Wojdyto, & Sendra, 2014) and promotes the growth of lactic acid bacteria during
refrigerated storage (D. Liu & Lv, 2019).

Riceberry rice (Oryza sativa L.), a dark purple rice variety from Thailand, is
originated from a crossbreed between Hom Nil rice and Jasmine rice. This specific rice
cultivar was reported to contain a large amount of cyanidin- 3-glucoside (C3G) and
peonidin-3-glucoside (P3G), the glycoside form of anthocyanins (Leardkamolkarn et al.,
2011). Previous studies have been reported the biological properties of riceberry rice
including antioxidant, anti-cancer, anti-hyperglycemic, anti-hyperlipidemic and anti-
inflammatory activity (Arjinajarn et al., 2017; Leardkamolkarn et al., 2011). As strategies
to prevent diet-related non-communicable diseases (NCDs), riceberry rice has been
made to produce commercial rice flour and promote its application in bread with
medium glycemic index (Gl) and high antioxidant activity (Thiranusornkij, Thamnarathip,

Chandrachai, Kuakpetoon, & Adisakwattana, 2019). Furthermore, riceberry rice could



be successfully applied for the formulation of dysphagia diet, a special eating plan for
people who have moderately to severely trouble swallowing (Suttireung et al., 2019).
Although riceberry rice seems to be a promising functional ingredient, its potential food
application in yogurt products and functional beverage has yet to be discovered in this
context. Therefore, the objectives of this study were develop the functional food
products from anthocyanins-rich riceberry rice extract and assess its influence on

postprandial biochemical parameters in human.

1.2 The objectives of the study

0 To investigate the effects of probiotics yogurt enriched with riceberry rice
extract (Oryza Sativa L.) on physicochemical properties, functional properties, probiotic
viability and sensory acceptability.

0 To determine the effects of probiotic yogurt enriched with riceberry rice
extract (Oryza Sativa L.) on postprandial glycemic response and antioxidant status in
healthy subjects.

0 To study the effect of riceberry rice (Oryza Sativa L.) beverage with high-
carbohydrate, moderate-fat meal on postprandial glycemic response, antioxidant
status, lipidemic response, and inflammatory markers in overweight and obese

subjects.



1.3 Hypotheses in the study

0 Riceberry rice extract maintains physicochemical properties of probiotic yosurt,
improve functional properties of probiotic yogurt, increases probiotic viability, and

improve sensory acceptability.

I Consumption of probiotic yogurt enriched with riceberry rice extract may
decrease postprandial glucose level and increase antioxidant status in healthy

subjects.

a Consumption of riceberry rice beverage with high-carbohydrate, moderate-fat
meal may decrease postprandial glucose level, increase antioxidant status, decrease
lipidemic response and decrease inflammatory markers in overweight and obese

subjects.



CHAPTER Il

REVIEW OF LITERATURE

2.1 Non-communicable diseases (NCDs)

Non-communicable diseases (NCDs) are globally the leading causes of morbidity
and mortality worldwide. According to World Health Organization (WHO), NCDs are
defined as the diseases of long duration and with generally slow in progression which
are not passable from one person to another (Alwan, 2011). The major four group of
NCDs is diabetes, cardiovascular diseases, chronic respiratory diseases and cancers.
Interestingly, unhealthy diets are a significantly key modifiable behavioral risk factor for
NCDs which contributes to the occurrence of a cluster of disorders known as metabolic
syndrome which are abdominal obesity, hypertension, dyslipidemia, and disturbed
metabolism of glucose orinsulin (Alberti, Zimmet, & Shaw, 2005). Recently, the change
in dietary pattern of Asian population has been reported the relationship between the
increase in consumption of refined carbohydrates, sugar and saturated fat and the

prevalence of metabolic syndromes (Hristova et al., 2014).

2.1.1 Dietary carbohydrate
Carbohydrate, as the major source of dietary energy, provides approximately
45-70% of total energy in the human diet. However, excessive consumption of both

naturally and added ingredients from carbohydrate are particularly concerned harmful



health effects such as weight gain, obesity and type 2 diabetes (Wali, Raubenheimer,

Senior, Le Couteur, & Simpson, 2020).

2.1.2 Dietary fat
The consumption of high fat diet has been increasing in all populations
worldwide. However, the recommendation of total fat intake in adults is reported to
be only 20-35% of total energy intake (Lupton et al., 2002). The intake of high amount
of saturated fats and trans fatty acids alters postprandial blood lipid level, causing
insulin sensitivity. These abnormal functions may lead to development of type 2

diabetes and cardiovascular diseases (Lupton et al., 2002).

2.1.3 Appetite

Appetite referred to as a sensation related to food intake. It is an important
factor for influence of eating behavior and energy intake. Satiety defines as the state
of inhibition of eating. Hunger defines as a nagging, irritating feeling signifies food
deprivation of a degree that the further eating episode should take place. Fullness
defines as a sensation of the degree of stomach filling, and prospective food
consumption describes as an indicator of the supposing amount of forthcoming food
intake (Sgrensen, Mgller, Flint, Martens, & Raben, 2003) In appetite study, visual
analogue scales (VAS) are the most commonly rating methods used in the form of
horizontal lines of varying length, with words anchored at each end describing the

extremes of a unipolar question (Rogers, Carlyle, Hill, & Blundell, 1988). Therefore, the



subjects are asked about their appetite following a meal including hunger, desire to

eat, satiety and fullness and prospective food intake.

2.2 Strategies to control hyperglycemia and hyperlipidemia

2.2.1 Carbohydrate digestion

The digestion of carbohydrate begins in the mount by the action of salivary Ot-
amylase that hydrolyzes O 1,4 linkage of starch granules to maltose. After that,
pancreatic Ol-amylase digests approximately 60% of starch in the small intestine. Then,

Q- glucosidases including lactase, calactose, and maltase catalyze the hydrolysis of
disaccharides to absorbable monosaccharides in the surface of intestinal epithelial
cells (Dashty, 2013). The monosaccharides are absorbed into the blood circulation via
passive and active transport systems. The glucose is uptake to different cells in order
to maintain blood sugar in the hypoglycemic state and energy supply to the peripheral
tissues such as the liver, skeletal muscle and adipose tissue (Dashty, 2013; FAIRCHILD

et al., 2003).

2.2.2 Fat digestion

In the process of fat digestion and absorption, dietary fat, an energy-dense
nutrient, provides essential fatty acids (FAs), enhancing absorption of fat-soluble
vitamin such as vitamin E and D (Carreiro & Buhman, 2019). The majority of dietary fat

is present in the form of triacylglycerol (TAG) which consists of three fatty acid
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molecules connected to a 3-carbon glycerol backbone. The digestion of dietary fat
initiates at the small intestine by the action of pancreatic lipase through hydrolysis of
TAG to two free fatty acids (FFAs) and 2-monoacylglycerol (MAG). The digestive
products are formed to cholesterol micellization by incorporation with bile acid and
free cholesterols. After FFAs and MAG have been taken up by enterocytes, they are
resynthesized into TAG at the endoplasmic reticulum membrane and can be
incorporated into chylomicrons (CMs) transported by lymph and then blood circulation
to tissues (Carreiro & Buhman, 2019).

Consumption of high- carbohydrate or high- fat meal often results in
postprandial hyperglycemia and/or hypertriglyceridemia (Lacroix, Des Rosiers, Tardif, &
Nigam, 2012) that may influence the postprandial pro-oxidative status (Gregersen,
Samocha-Bonet, Heilbronn, & Campbell, 2012) Hyperglycemia or high blood glucose is
a main effect on oxidative stress in which imbalances between free radical and
antioxidant defense. In mitochondria, the high concentration of glucose induces the
formation of reactive oxygen species (ROS) include superoxide (O7,), hydrogen peroxide
(H,0,) and reduced the power of antioxidant enzymes (Lacroix et al., 2012) Moreover,
an exaggerated rise in postprandial hyperglycemia markedly induces endothelial
dysfunction, consequently increases circulating levels of intracellular adhesion

molecule 1 (ICAM 1), and the production of inflammatory cytokines including IL-6, TNF-
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Ol and IL-18 (A Ceriello et al., 1998). The elevation of this cytokines has been reported

to interfere the insulin signaling and impairment of B—cell function (C. Liu et al,, 2016).

2.2.3 Diets related to digestive enzyme inhibition

2.2.3.1 Carbohydrate digestive enzyme inhibition

In order to control blood glucose, the inhibition of carbohydrate
digestive enzymes such as pancreatic -amylase and intestinal Ql-glucosidase is one
of the therapeutic approaches for suppression of postprandial hyperglycemia
(Adisakwattana, Ruengsamran, Kampa, & Sompong, 2012). Several natural plants have
demonstrated the inhibitory effect against intestinal O glucosidase and pancreatic Ol
amylase activities ( Adisakwattana, Ruengsamran, et al. , 2012; Akkarachiyasit,
Charoenlertkul, Yibchok- anun, & Adisakwattana, 2010; Poosri, Thilavech,
Pasukamonset, Suparpprom, & Adisakwattana, 2019). Many studies investigates the
potential of plant or plant extract such as seaweed, criteria ternatea, berry, and
riceberry rice to inhibit carbohydrate digestive enzymes (Boath, Grussu, Stewart, &
McDougall, 2012; Chusak et al., 2018; Pantidos, Boath, Lund, Conner, & McDougall,
2014; Poosri et al., 2019). Figure 1 shows the purposed mechanisms of plant diets for

inhibiting carbohydrate digestion and absorption.
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Figure 1 The purposed mechanisms of plant diets for inhibiting carbohydrate digestion

and absorption.

2.2.3.2 Fat digestive enzyme inhibition

Inhibition of fat digestion and absorption is an alternative approach of
controlling postprandial hyperlipidemic response (Adisakwattana, Intrawangso, Hemrid,
Chanathong, & Mékynen, 2012). Pancreatic lipase is known as a key enzyme in dietary
triglycerides and fatty acids (de la Garza, Milagro, Boque, Campion, & Martinez, 2011).
Several plant extract have been investigated the inhibitory effect on pancreatic lipase,
cholesterol micellization, bile acid binding which may lead to delay postprandial

hypertriacylglycerolaemia and hypercholesteroleamia ( Adisakwattana, Intrawangso, et
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al., 2012; Poosri et al., 2019). Figure 2 illustrates the purposed mechanisms for inhibiting

fat digestion and absorption modified from de la Garza et al. (2011).
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Micelles and absorbed by the

enterocyte

Figure 2 The purposed mechanisms for inhibiting fat digestion and absorption

2.2.4 Diets related to nutrient absorption

2.2.4.1 Carbohydrate absorption
The monosaccharides (glucose, galactose and fructose) were absorbed in
the brush border of the mature enterocytes. The glucose and galactose are actively
transported into the enterocyte through Na*-glucose cotransporter SGLT1 and across

the basolateral membrane by the glucose transporter GLUT2. Many researchers found
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that plant extracts rich in polyphenols and flavonoid improved hyperglycemia by
inhibiting digestive enzyme activities, decreasing the activity of SGLT1- mediated
transporter (Garza et al., 2013; Z. Wang, Clifford, & Sharp, 2008). The purposed

mechanisms of plant diets for inhibiting carbohydrate digestion are shown in Figure 1.

2.2.4.2 Fat absorption

Pancreatic cholesterol esterase is an enzyme to hydrolyze dietary
cholesterol esters to free cholesterol (Myers-Payne, Hui, Brockman, & Schroeder, 1995).
The inhibition of pancreatic cholesterol esterase leads to a limit the absorption of
dietary cholesterol, resulting in delayed cholesterol absorption (Heidrich, Contos,
Hunsaker, Deck, & Vander Jagt, 2004). Interestingly, previous studies reported that the
extracts of edible plants can inhibit cholesterol esterase and down-regulate NPC1L1
MRNA expression, a cholesterol transport protein, leading to reduced fat absorption
(Adisakwattana, Intrawangso, et al., 2012; Poosri et al., 2019). Figure 3 shows the
purposed mechanisms of plant diets for inhibiting fat absorption, modified from Leifert

and Abeywardena (2007).
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Figure 3 The purposed mechanisms of plant diets for inhibiting fat absorption

2.2.5 Diets related to control appetite

Diet composition is an important factor influencing on the amount of food
intake. A previous work has been shown that high protein ( 25- 30% ) intake
improvements in appetite control and satiety compared to high fat and /or high
carbohydrate diet (Neacsu, Fyfe, Horgan, & Johnstone, 2014). Yogurt is one type of
food that contains protein between 8 and 14 g of protein/serving. A previous study
found that the consumption of high protein yogurt (24 ¢ protein) as afternoon snack
led to reduce hunger, increased fullness and delay subsequent eating in healthy

women (Douglas, Ortinau, Hoertel, & Leidy, 2013). The potential to yogurt contribute



16

to satiety and reduced appetite due to its increased gastric emptying (Fernandez,
Panahi, Daniel, Tremblay, & Marette, 2017). Moreover, whey protein and casein can
suppress shot-term food intake led to metabolic regulation through the stimulation of
hormones regulating food intake and glucose utilization include insulin, glucagon-like
peptide, peptide tyrosine tyrosine, and cholecystokinin and inhibition of ghrelin
(Fernandez et al., 2017; Panahi & Tremblay, 2016). Recently, a randomized controlled
trial found that consumption of plant polyphenol modulated appetite biomarkers,
including glucagon- like peptide-1, ghrelin, leptin, and resistin, and also improved the
appetite score (hunger, satiety, fullness and prospective food consumption) compare
to the placebo group in overweight subjects throughout eight weeks (Boix-Castejon et
al., 2018). Figure 4 illustrates the possible mechanisms of plant polyphenols on

regulation of appetite, modified from (Boix-Castejon et al., 2018).

Plant polyphenols
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(Ghrelin) (GLP-1, Insulin, Leptin, Resistin)

! !

T satiety, | food intake

Figure 4 Possible mechanisms of plant polyphenols on regulation of appetite
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2.3 Functional food

Functional foods provide a beneficial effect on one or more target functions in
the body (Ozen et al., 2012). The concept of functional foods is not only essential for
living but also as a source of mental and physical well-being. Functional foods may
prevent and reduce the risk factors for several diseases and enhance physiological
function (Howlett, 2008). To classify the functional foods, they must be consumed as
foods not as a pill or capsules (Howlett, 2008). The most popular functional food
products on the market are yosurt, cereals, margarines/ butters, and energy/ proteins
bars and drinks (Granato et al., 2020). In general, the functional ingredients are dietary
fibers, vitamins, minerals, oligosaccharides, essential fatty acids (omega-3), lactic acid
bacteria cultures, lignin and antioxidant substances (Lobo, Patil, Phatak, & Chandra,

2010).

2.3.1 Effect of functional ingredients on postprandial hyperglycemia

Antioxidant substances are the most popular ingredients in functional food
found in edible plants. They have shown to possess antioxidant, anti-inflammatory,
anti-hyperglycemic, anti-hyperlipidemic activities (Basu, Nguyen, Betts, & Lyons, 2014;
Granato et al., 2020). For example, strawberry, a rich source of phytochemical
compounds such as ellagic acid, anthocyanins, quercetin, and catechin has been
shown to increase plasma antioxidant, to decrease total cholesterol and LDL-C and

lipid peroxidation, and to attenuate postprandial glucose (Basu et al., 2014). In clinical
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trials, consumption of strawberry and blueberry rich in anthocyanin also attenuated
postprandial glucose and insulin concentration (L. Bell, Lamport, Butler, & Williams,
2017; Edirisinghe et al., 2011). Moreover, consumption of Clitoria ternatea flower
beverage rich in anthocyanin without sucrose significantly increased postprandial
plasma antioxidant capacity. It also improved postprandial glucose, insulin and

antioxidant status when consumed with sucrose (Chusak et al., 2018).

2.3.2 Effect of functional ingredients on reduction of postprandial
hyperlipidemia

Abnormal postprandial hyperlipidemia with increasing triglyceride, chylomicron
remnants, and free fatty acids induces oxidative stress and inflammation in human
body. A previous report that functional ingredients from edible plants suppressed
postprandial triglycerides and free fatty acid (Brown et al., 2015). In clinical trials,
ingestion of diets rich in polyphenols improved fasting and postprandial dyslipidemia
and reduced oxidative stress in overweight and obese subjects (Annuzzi et al., 2014).
Consistent with a study of black soybean extract rich in polyphenols and anthocyanin
reported that the intake of black soybean attenuated postprandial hyperlipidemia
include serum triglycerides and LDL-cholesterol in type 2 diabetic patients (Kusunoki

et al., 2015).
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2.3.3 Effect of functional ingredients on postprandial antioxidant capacity

The functional ingredients act as antioxidants which help delay, inhibit or
prevent the oxidative processes related to chronic diseases (Granato et al., 2020). The
mechanisms of functional ingredients on preventing oxidative stress are demonstrated
in Figure 5. Previous studies showed that consumption of functional food rich in
phytochemicals such as Clitoria ternatea flower beverage, bread made from
anthocyanin-rich riceberry rice, and wild blueberry extract powder supplement with
high-fat meal (Chusak, Pasukamonset, Chantarasinlapin, & Adisakwattana, 2020; Chusak
et al., 2018; Kay & Holub, 2002) significantly increased in postprandial plasma

antioxidant capacity measure by ORAC, FRAP, TAC, and TEAC assays.
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2.3.4 Anti-inflammation activity

The low-grade inflammation has been linked between adiposity and the risk of
chronic metabolic disorder. An increase in inflammatory markers such as interleukins
(IL-1, IL-6) and tumor necrosis factor alpha (TNF-Ql) have been found in overweight
and obese individuals ( Coelho, Hermsdorff, & Bressan, 2013) . Interesting,
phytochemicals in functional foods have been shown to modulate the inflammatory
biomarkers. For example, consumption of orange juice or plant sterol-rich orange juice
for eight weeks significantly reduced inflammatory biomarkers including IL—IB and IL-6
in healthy subjects (Devaraj, Jialal, Rockwood, & Zak, 2011). In overweight subjects, the
consumption of high-carbohydrate or moderate-fat meal with strawberry beverage
significantly reduced the postprandial inflammatory response measured by high-

sensitivity C-reactive protein and IL-6 (Edirisinghe et al., 2011).

2.3.5 Yogurt

Yogurt, one of well- known fermented dairy product, has been popularly
consumed worldwide because it is recognized as an excellent source of calcium and
relatively low-fat content in combination with high protein constituents (Mckinley,
2005). There have been many studies reporting that consumption of yogurt containing
lactic acid bacteria reduces the absorption of cholesterol, improves immune system,
enhances bowel function and prevents colon cancer and the infection of Helicobacter

pylori (Gahruie, Eskandari, Mesbahi, & Hanifpour, 2015; Aryana & Olson, 2017). Lactic
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acid bacteria such as Streptococcus thermophilus and Lactobacillus bulgaricus, is
commonly used as a starter culture of yogurt. Today, lactic acid bacteria have a
number of well- established literatures regarding health benefits through various

mechanisms of action (Aryana et al., 2017).

2.3.5.1 Characteristics of yogurt

In the food industry, yogurt is mainly classified as set-yosgurt and stirred
yogurt. A set-yogurt is prepared in retail containers, giving a continuous undisturbed
gel structure in the final product, whereas a stirred yogurt has a delicate protein gel
structure developed by fermentation, resulting in a smooth and viscous texture
( Tamime & Robinson, 1999) . The standard composition of yogurt for human

consumption following the CODEX is shown in Table 1.

Table 1 The composition of yogurt and fermented milk (Commission, 2003)

Composition Yogurt, Alternate culture

yogurt and acidophius milk

Milk protein Min 2.7%
Milk fat Less than 15%
Titrable acidity, (express as % lactic acid) Min 0.6%

Sum of microorganisms constituting the starter Min 10’

culture (cfu/g, total)

Labelled microorganisms (cfu/g, total) 10°

The characters of set-type yogurt are shown in Table 2.



Table 2 The important characteristics of set-type yosurt

Characters Definitions Range Ref.
pH The amount of acid  4.5-4.8 (Chandan &
in yogurt O’Rell, 2013);
Marchiani et al.
(2016)
Titratable acidity  Used as a measure of 0.6-0.9% (Aryana & Olson,
quality in yogurt 2017);
Commission
(2003)
Syneresis Presence of <20% Ozturk et al
superficial liquid (2018)
Firmness/gel The force necessary  65.6-310.4 ¢ (Pan, Liu, Luo, &
strength to attain a given Luo, 2019)
deformation.
Adhesiveness The force necessary  150-550 g.s. Akalin, Unal,
to remove the Dinkdci, and

material that adheres
to the mouth during

eating

Hayaloglu (2012)

23



24

2.3.5.2 Yogurt culture

According to the Codex alimentarious commission 2010 (Commission,
2003), yogurt is fermented milk made from symbiotic culture including Streptococcus
thermophiles and Lactobacillus delbrueckii subsp. bulgaricus. To reach the optimum
of health benefits, lactic acid bacteria must be ingested in sufficient quantities to
remain their viability after gastrointestinal tract digestion. Recently, the number of
viable bacteria is recommended to have at least 10° CFU/ g of viable cell at the time
of yogurt consumption ( Terpou, Papadaki, Lappa, Kachrimanidou, Bosnea, &
Kopsahelis, 2019). However, there are several factors affecting the loss of bacterial
viability in yogurt such as the decrease in pH of medium during the storage, the
accumulation of other organic acids from growth and fermentation (Michael, Phebus,
& Schmidt, 2010) and the dissolved oxygen concentration, moisture content, packaging
and the storage condition of yogurt (Tripathi & Giri, 2014). Many studies have attempt
to investigate the effect of plant extracts in order to improve the quality of yogurt such
as increasing antioxidant activity and the viability of lactic acid bacteria in yogurt during
refrigerated storage (Oh et al., 2016). For example, the addition of mandarin
melonberry (Cudrania tricuspidata) and Morus alba L. leaf extracts could increase the
lactic acid bacteria count of set-type yogurt during refrigerated storage (Oh et al, 2016).

The examples of plant extracts fortified to yogurt are shown in Table 4.
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2.3.5.3 Yogurt consumption and health benefits

Previous studies have shown that yogurt product with lactobacilli and
other probiotic bacteria enhance the nutritional value by increasing the availability and
digestibility. Yogurt contains higher levels of free amino acids due to the proteolysis
by the yosurt cultures. Moreover, the consumption of yogurt would provide health
benefits, mainly normal intestinal microflora, protecting against gastrointestinal
pathogens, improved immune system (Gahruie, Eskandari, Mesbahi, & Hanifpour, 2015;
Tripathi & Giri, 2014). Figure 6 demonstrates the health benefits of yogurt consumption.

The positive health effect of yogurt consumption was express in Table 3.
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Figure 6 The health benefits of yogurt (Adapted from (Tripathi & Giri, 2014)
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2.3.5.4 Effect of storage time on stability and physicochemical properties
of yogurt
Based on the information, the storage time had a significant effect on

the stability and physicochemical properties of yosgurt such as pH, acidity, syneresis,
texture, appearance, color, and the growth of yogurt culture or probiotic bacteria.
These parameters influence the sensory property of yogurt. Nowaday, the
incorporation of plants or plant extracts into yogurt has been interest due to the
potential of bioactive compounds on enhancing living probiotic bacteria and
improvement of physicochemical properties during refrigerated storage. The examples

of plants fortified yogurt are illustrated in Table 4.

2.3.5.5 Development of yogurt

The incorporation of plant or fruits into yogurt may enhance the
physicochemical properties and functional properties of yogurt such as improve
phenolic content of yogurt and enhance growth and stability of lactic acid bacteria
(Caleja et al., 2016; Gahruie et al., 2015; Jaster et al., 2018). Many studies have
attempted to investigate the effect of plant extracts in order to improve the quality of
yogurt such as increasing antioxidant activity and the viability of lactic acid bacteria
during refrigerated storage (Oh et al., 2016). For example, the addition of mandarin
melonberry (Cudrania tricuspidata) and Morus alba L. leaf extracts could increase the

probiotic count of the set-type yogurt during refrigerated storage (Oh et al., 2016).
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Moreover, the pulp of blueberry flower containing polyphenols and anthocyanins can
improve the viscosity, the rate of syneresis, sensory acceptability and the stability and
antioxidant activity of yogurt during refrigerated storage (D. Liu & Lv, 2019). However,
the addition of plant extract may influence on physicochemical properties of yogurt.
Previous studies found that fortification of yogurt with plant extract such as grape
extract, green tea, thyme and mint extract modified the acidification together with
reduction of starter culture activity and extension of the fermentation time (Alwazeer,
Bulut, & Tuncttrk, 2020, Da Silva et al., 2017). Table 4 showed the plant extract and
their effect on antioxidant properties, physicochemical, and microbiological during

storage period.
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The researchers discovered that incorporation of anthocyanins to yosurt
improves antioxidant activity, enhance texture of yogurt, and increased total solids of
yogurt (Trigueros, Wojdyto, & Sendra, 2014; Jaster, Arend, Rezzadori, Chaves, Reginatto,
& Petrus, 2018) and promotes the growth of lactic acid bacteria during refrigerated
storage (Liu et al., 2019).

2.3.6 Functional beverage

Functional beverage is a non- alcoholic drink containing non- traditional
constituents such as beverage fortified with vitamin A, C, E and other functional
ingredients like phytochemicals in its formulation. Phytochemicals especially phenolics
can be used as a functional ingredient (Ahmad, Butt, Huma, & Sultan, 2013). The
potential of bioactive compound in the plant or plant extract are recognized as a
functional ingredient due to health benefits such as antioxidant, anti-inflammatory,
anti- diabetic and lowering of total triglyceride and cholesterols (Granato et al., 2020,
Siro et al., 2008).

2.3.6.1 Characteristics of functional beverage

In general, functional beverage is a beverage fortified with functional
ingredients. The functional beverage is designed for reducing the health risk problem
such as high cholesterol or high blood pressure, reduced negative effect for health
such as lactose-free milk, and product improved health such as eye health drink with

lutein or a bone health drink with calcium and other health benefits (Siro et al., 2008).
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2.3.6.2 Health benefits

A previous study found that consumption of high-carbohydrate and
moderate- fat meal supplement with freeze- dried strawberry beverage that high
content of polyphenols and anthocyanin resulted a reduction in the levels of IL-6 and
hs-CRP over the 6 h postprandial period (Edirisinghe et al., 2011). In a study in healthy
subjects, ingestion of Clitoria ternatea flower beverage with and without sucrose
significantly increases postprandial plasma antioxidant capacity without hypoglycemia
in the fasting stage. It also improved postprandial glucose, insulin and antioxidant
status when consumed with sucrose (Chusak et al.,, 2018). In an animal study with rats
fed a fructose-rich diet, ingestion of chokeberry extract added to the drinking water
significantly reduced gene expression of inflammatory cytokines including IL- 1[3, IL-6
and TNF-Q (Qin & Anderson, 2012). However, the study of riceberry rice beverage on
postprandial status and biochemical parameters in the clinical trial was not found.

The functional ingredients such as probiotics/prebiotic/synbiotics,
polyunsaturated fatty acids (PUFAs), and antioxidants substance are often used for
fortified beverage. Table 5 shows the bioactive compounds and health benefits,

modified from Granato et al. (2020).



Table 5 The bioactive compounds and health benefits

Bioactive Source Health benefits
compounds
E_Ca rotensa Tellow, crange, and Anticxidant, provitamin A, prevent
green leafy vegetables  eye diseases, radicprotective and
and fruts antirmutagenic
Lutein Green leafy veoetables  Anticsidant, anti-inflammatory,
antiathercgenic, antihypertensive,
antidiabetic, antiulcer, lca ncer
risk, prevents eyve diseaszes.
Lycocpens Tormato, melon, peach,  Antioxidant, | cardicvascular
etc. disease, | cancer risk
Inulin Asparagus, garlic, Prebictic effect, | stherosclerasis,
chicony, onicn, etc T zatisty
Resveratrol Red grape, blusberries, | Cardiovascular disease, | LDL-
blackbernes, cocoa cholestercl
Iseflavones Soy-based foods, | Cardiovascular disease, JLOL-

flaxseeds

chelestercl, ostecporosis,
l diabetes mellitus rn=k, and liver

diseasa

Arthooyaning,

Grape, blusbarmies,

proanthooyanidins  grapebermes

Antioxidant, prevent and treat
hyperuricemialor gout, |

cardiovascular disease

Abbreviations: |, decrease; T, increase
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2.4 Anthocyanins

Anthocyanins are water-soluble pigments belonging to the family of polyphenols.
Most of them are red, purple, and blue colors presented in plants such as blackberries,
blueberries, bilberries, grape, strawberries and black rice (Tian et al., 2019). There are
at least six main types of anthocyanins in nature, including pelargonidin, cyanidin,
peonidin, delphinidin, petunidin and malvidin (Morata et al., 2019). The basic structure
of anthocyanin is illustrated in Figure 7. Anthocyanins are not essential nutrients; no
toxicity and deficiency disorder has been reported. The pharmacological properties are
antioxidant activity, anti- cancer, anti- hyperglycemia, anti- hyperlipidemia and anti-
inflammation (Miguel, 2011; Pojer, Mattivi, Johnson, & Stockley, 2013; Takikawa, Inoue,
Horio, & Tsuda, 2010). As for the amount of daily intake, China has been defined a
specific proposed level of 50 mg per day for anthocyanins (He & Giusti, 2010), whereas
the joint FAO/WHO Expert Committee on Food Additive has established an acceptable

daily intake of 2.5 mg per kg per day (Wallace & Giusti, 2015).

aglycone

Approximate distribution

Anthocyanidin (aglycone) R groups it A e

Pelargonidin R1=R2=H ~12%
Cyanidin R1=OH, R2=H ~50%
Delphinidin R1=R2=0OH ~12%
Peonidin R1=OCH3, R2=H ~12%
Petundidin R1=0H, R2=OCH3 ~7%
Malvidin R1=R2=0CH3 ~7%

Figure 7 The basic structure of anthocyanins (Krea & Milenkovic, 2019).
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Over the past decades, anthocyanin have been stated in antioxidant effects
(Miguel, 2011; Pojer et al,, 2013). The antioxidant capacity of anthocyanins is able to
donate the hydrogen (electron) to free radicals and even reactive oxygen species (Pojer
et al., 2013). Moreover, anthocyanins improved glycemic control by inhibiting Ol
glucosidase and Ol-amylase activity, leading to decrease carbohydrate digestion and
absorption (Mirmiran, Bahadoran, & Azizi, 2014). Furthermore, anthocyanins had the
ability to inhibit the activity of pancreatic lipase leading to the reduction of intestinal
absorption of dietary fat (Fabroni, Ballistreri, Amenta, Romeo, & Rapisarda, 2016). In
addition, anthocyanin also reported the potential for anti-inflammatory activity by
inhibiting the expression and biological activity of some pro-inflammatory cytokines by
suppressing NF-kB; a transcriptional regulator that consists of homo-and heterodimer
of proteins. The translocation of NF-kB results in the transcription of several pro-
inflamlmatory genes, such as cytokines include TNF-QL, IL-1B and IL-6 and inducible

enzymes (Miguel, 2011).

2.4.1 Cyanidin

The most common types of anthocyanin are cyanidin, delphinidin,
pelargonidin, peonidin, petunidin and malvidin. Anthocyanins are widely distributed in
fruits and vegetables (Khoo, Azlan, Tang, & Lim, 2017; Krga & Milenkovic, 2019).
Cyanidin-3-glucoside (C3G) is known as the largest group of pigments in berries, dark

grapes, cabbages and black rice etc. (He & Giusti, 2010; Miguel, 2011). The potential of
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C3G includes antioxidant, anticancer and anti-inflammatory activities (Ding et al., 2006;
Duymus, Goger, & Baser, 2014). A previous study found that C3G extracted from
blackberry was able to scavenge free radical, down regulated the expression of COX-
2 and TNF-Ql (Ding et al., 2006). Similar to the study in animal model, administration
of C3G reduced COX-2 activity and increased the defensive antioxidant enzymes such
as superoxide dismutase (SOD) and glutathione peroxidase (Sari¢ et al., 2009). Another
study also found that C3G potentially reduce blood slucose, total triglyceride and total
cholesterol in diabetic rats (Li et al., 2018). In addition, C3G decreased the level of
TNF-Q and IL-6 and improved antioxidant status via reduction of the MDA level and
increase SOD level (Li et al., 2018). In addition, the consumption of black currant
extract that high amount of cyanidin have been shown to reduce postprandial
glycemia by inhibiting Q-amylase and inhibiting the breakdown of carbohydrate in the

intestine by the inhibiting Ql-glucosidase activity (Barik et al., 2020).

2.4.2 Peonidin

Peonidin, a type of anthocyanin found in nature, is mainly in the form of
peonidin-3-glucoside (P3G) (Khoo et al., 2017). Normally, P3G has been found in plants
such as berries, grapes, and red wines etc. (Btkowska-Barczak, 2005). Previous studies
demonstrated that P3G is also found in black rice and riceberry rice with high potential
of antioxidant activity, anti-cancer activity, and anti-glycation activity (Leardkamolkarn

et al,, 2011; Zhang et al.,, 2019).



38

2.5 Riceberry rice

2.5.1 Characteristics

Riceberry rice (Oryza sativa L.), a kind of color rice with dark purple pigment,
this cultivar was developed from cross-breed between Hom Nin rice, a Thai non
glutinous purple rice, and Jasmine rice or Khoa Dawk Mali 105 (Figure 8) (Arjinajarn et
al., 2017). This variety was developed by the Rice Science Center, Kasetsart university,
Thailand. The characteristics of this rice were 105-110 cm in height, 130 days to
maturity, pericarp and kernel color was deep purple, amylose content was 15.6% and

gel temperature less than 70 C.

Figure 8 Riceberry rice (Oryza sativa L.)

This specific rice cultivar was reported to contain a large amount of cyaniding-

3-glucoside (C3G) and peonidin-3-glucoside (P3G), the glycoside form of anthocyanins



39

(Leardkamolkarn et al., 2011). Table 6 is shown the nutrition compositions of riceberry

rice (Prangthip et al., 2013).

Table 6 The nutrition compositions of riceberry rice

Values (per 100 gram)

Energy (kcal) 366.2
Protein (g) 8.9

Fat (¢) 8.2

Carbohydrate (g) 64.2
Insoluble fiber (g) 8.37
Soluble fiber (g) 4.47
Calcium (mg) 123
Magnesium (mg) 393
Sodium (mg) 307
Potassium (mg) 726

Values (per gram dry matter)

Ol-tocopherol (pg) 11.61 +£ 0.50
Y -oryzanol (mg) 1.80 £ 0.20
Ferulic acid (ug) 176.80 + 5.56

Cyaniding-3-glucoside (ug)

431.50 + 11.10

Peonidin-3-glucoside (pg) 141.90 + 5.50
Catechin (mg) 4.39 + 0.10
CoQ10 (ug) 2.33 +0.10
Polyphenol (mg GAE) 12.37 £ 1.99
Total flavonoids (mg CE) 8.26 + 0.31

Total ORAC (umol TE)

317.64 + 14.07
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2.5.2 Biological properties of riceberry rice
2.5.2.1 In vitro study
Various studies have demonstrated biological and pharmacological
properties of riceberry rice extract such as anti-cancer activity, antioxidant activity, and
antiglycation activity (Daiponmak, Senakun, & Siriamornpun, 2014; Leardkamolkarn et
al. , 2011; Somintara, Leardkamolkarn, Suttiarporn, & Mahatheeranont, 2016) .
Interestingly, Poosriet al. (2019) revealed that anthocyanin-rich extract of riceberry
rice was capable in inhibiting carbohydrate and lipid digestion and absorption as shown
in Figure.9 and 10. Anthocyanin rich extract of riceberry rice inhibited the key steps of
carbohydrate digestion and absorption such as intestinal Q- glucosidase and
suppressed mRNA expression of SGLT1. As for lipid digestion and absorption, riceberry
rice extract had the ability to inhibit the activity of pancreatic lipase, decrease
cholesterol micellization, bind to bile acid and down- regulated NPCIL1 mRNA
expression (Poosri et al., 2019). Moreover, supplementation of riceberry for 12 weeks
significantly improved hyperglycemia (blood glucose, insulin and GLUT-4 levels),
hyperlipidemia, oxidative stress (MDA), antioxidant status (ORAC) and pro-inflammatory
state (TNF-QL and IL-6) in streptozotocin (STZ)-induced diabetic rats (Prangthip et al.,,
2013). Similarly, supplementation of riceberry oil for 12-week significantly improved

hyperglycemia and hyperlipidemia in STZ- induced diabetic diabetes rats
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( Kongkachuichai et al., 2013). Besides, anthocyanin- rich riceberry bran extract

decreased oxidative stress, inflammation and apoptosis in rats (Arjinajarn et al., 2017).

Carbohydrate lowering mechanisms of RBE

w 3

Inhibition of digestive enzyme

Suppression of mRNA
| a-amylase expression of SGLT1

| a-slucosidase (maltase, sucrase)

1 l

l Glucose digestion J, Glucose absorption

J, Postprandial blood glucose

Figure 9 The possible mechanism of RBE for inhibiting carbohydrate digestion and

absorption , modified from Poosri et al. (2019).
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J, Fancreatic

lipase

| Cholesteral

micellization

l Bile acid

binding

J, Cholestercl uptaks
(NPC1L1)

l

J, lipid digestion and absompticn

r

J, Postprandial triglyceride, free fatty acid
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Figure 10 The possible mechanism of RBE for inhibiting lipid digestion and absorption

, modified from Poosri et al. (2019).

2.5.2.2 Clinical study

A previous study of Chusak et al. (2020) found that the consumption of

bread made from anthocyanin- rich riceberry rice improved postprandial plasma

glucose, insulin and antioxidant status in healthy subjects (Chusak et al., 2020). Another

study stated that ingestion of riceberry rice puddings, the formulation of dysphagia diet

lowered postprandial plasma glucose when compared to white bread (Suttireung et

al,, 2019).
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MATERIALS AND METHODS

Chemicals

0 1,1-diphenyl 2-picrylhydrazyl (DPPH)

0 2,2’-Azino-bis-(3-ethylbenzothiazoline
-6-sulphonic acid) (ABTS)

[ 2,2-Azobis(2-methylpropionamidine)
Dihydrochloride (AAPH)

0 2,4,6-tri(2-pyridyl)-1,3,5-triazine (TPTZ)

a 2,6-di-tert-butyl-4-methylphenol (BHT)

0 5,5'-dithiobis-(2-nitrobenzoic acid) (DTNB)

a 6-hydroxyl-2,5,7,8-tetramethyl

Chhromane-2-carboxylic acid (Trolox)

a Amyloglucosidase solution

Sigma-Aldrich Chemical Co. Ltd
(St. Louis, MO, USA)
Sigma-Aldrich Chemical Co. Ltd
(St. Louis, MO, USA)
Sigma-Aldrich Chemical Co. Ltd
(St. Louis, MO, USA)
Sigma-Aldrich Chemical Co. Ltd
(St. Louis, MO, USA)
Sigma-Aldrich Chemical Co. Ltd
(St. Louis, MO, USA)
Calbiochem

(Darmstadt, Germany)
Sigma-Aldrich Chemical Co. Ltd
(St. Louis, MO, USA)
Megazyme

(IWinois, USA)

a3



[ Acetic acid

[ Acetonitrile

[ Bile extracts porcine

I Cyanidin-3-glucoside chloride

[ Ethanol

[ Fluorescein sodium salt

0 Folin-Ciocalteu’s reagent

0 Glucose oxidase kit (Glucose LiquiColor®)

0 Hydrocholic acid (HCL)

[ iron (1) sulfate

Merck

(Darmstadt, Germany)

Merck

(Darmstadt, Germany)
Sigma-Aldrich Chemical Co. Ltd
(St. Louis, MO, USA)

Phytolab

(GmbH & Co. KG, Germany).
Merck

(Darmstadt, Germany)
Sigma-Aldrich Chemical Co. Ltd
(St. Louis, MO, USA)
Sigma-Aldrich Chemical Co. Ltd
(St. Louis, MO, USA)

HUMAN GmbH

(GmbH, Germany)

Merck

(Darmstadt, Germany)

Ajax finechem

(Auckland, New Zealand)
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0 iron (1) chloride hexahydrate Ajax finechem
(Auckland, New Zealand)

0 Potassium sodium tartrate Ajax finechem
(Auckland, New Zealand)

0 L-cysteine Sigma-Aldrich Chemical Co. Ltd
(St. Louis, MO, USA)

0 Maleic acid Sigma-Aldrich Chemical Co. Ltd
(St. Louis, MO, USA)

0 Malondialdehyde (MDA) Sigma-Aldrich Chemical Co. Ltd
(St. Louis, MO, USA)

0 Methanol Merck
(Darmstadt, Germany)

0 Monosodium phosphate (NaH,PO,) Sigma-Aldrich Chemical Co. Ltd
(St. Louis, MO, USA)

0 Pancreatin from porcine pancreas Sigma-Aldrich Chemical Co. Ltd
(St. Louis, MO, USA)

a Peonidin-3--glucoside chloride Phytolab
(GmbH & Co. KG, Germany).

I Pepsin from porcine gastric mucosa powder Sigma-Aldrich Chemical Co. Ltd

(St. Louis, MO, USA)
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0 Porcine pancreatic Ol-amylase

0 Sodium acetate anhydrate

[ sodium chloride (NaCl)

Sigma-Aldrich Chemical Co. Ltd
(St. Louis, MO, USA)

Ajax finechem

(Auckland, New Zealand)

Ajax finechem

(Auckland, New Zealand)
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Laboratory equipment

[ Colorimeter

[ Freezer -20°C

0 Freeze dryer machine

a High speed refrigerated micro-centrifuge

a High speed universal centrifuge

(HERMLE Z 383 K)

a Homogenizer

(Polytron PT 3100 D)

|:| Hot air oven

a Microplate reader Infinite® 200 PRO

a pH meter

a pH meter

Hunter Associates laboratory Inc.

(USA)

Sanyo

(Osaka, Japan)

GRT., Grisrianthong. Co., Ltd,
(Samutsakorn, Thailand)
Hettich

(Tuttlingen, Germany)
Hermle Labor technik
(GmbH, Germany).
Kinematica AG

(Luzern, Switzerland
Conthem Scientific
(New Zealand)

Tecan Trading
(AG,Switzerland)
Thermo Scientific, Inc.
(Waltham, MA, USA)
METTLER TOLEDO®

(OH, USA)



a Pipette

0 Precision Weighing Balances

[ Refrigerator 4°C

0 Texture analyzer

(TAXT-Plus Texture analyzer)

|:| Vortex

Thermo Scientific, Inc.
(Waltham, MA, USA)

Sartorius Corporation

(New York, USA)

Sharp

(Kyoto, Japan)

Technologies Corp. and Stable
Micro Systems Ltd.

(MA, USA)

Gemmy industrial corp.

(Taipei, Taiwan)
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3.1 Part I: Incorporation of anthocyanin-rich riceberry rice in yogurts: Effect on
physicochemical properties, antioxidant activity and in vitro gastrointestinal

digestion

3.1.1 Preparation of riceberry rice extract (RBE)

The aqueous extract of riceberry rice was prepared by a mixture of riceberry rice
and distilled water in 1:2 w/v ratio. The mixture was heated at 45 °C for 40 min with
continuous stirring, then the supernatant was collected and filtered with Whatman
No. 1 filter paper. In our preliminary experiment, the highest amount of polyphenol
content was obtained by this condition. The sample was frozen at -18 °C for 48 h. After
that, the sample was placed in a freeze dryer GFD-30S (GRT., Grisrianthong. Co., Ltd,
Thailand) and dried at -30 °C, at pressure of 0.15 mbar for 27 h and 30 min. The
riceberry rice extract (RBE) powder was kept in the laminated aluminum foil vacuum

bags at -20 °C until used.

3.1.2 Preparation of set-type yogurt

The set-type yogurt procedure was adapted from a previous report (Chandan &
O'Rell, 2006). In brief, whole milk was heated to 50 °C and skimmed milk powder (3%
w/w) for the adjusted dry matter content to 14% and sucrose (5% w/w) were added,
then homogenized at 7000 rpm, 65 °C for 5 min followed by the addition of 0. 125,
0.25 and 0.5 % (w/w) RBE. After heating at 90 °C for 10 min, the standardized milk was

cooled to 43 °C and inoculated with 0.02 % w/v of a mixed yogurt freeze-dried culture
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containing Streptococcus thermophilus, Lactobacillus delbrueckii subsp. bulgaricus,
Lactobacillus acidophilus LA-5 and Bifidobacterium animalis subsp. lactis BB-12. The
inoculated milk was incubated for 5 h at 43 °C. When the pH of yogurt reached to 4.6,
the yogurt samples were cooled at 4 °C to stop the fermentation and kept at 4 °C and

analyzed at 1, 7, 14 and 21 days of refrigerated storage.

0.125% RBE l 0.25% RBE § 0.5% RBE

Figure 11 The control yogurt and yogurt with RBE

3.1.3 Physicochemical properties of yogurt
3.1.3.1 Kinetic parameters
The kinetic parameters were measured using the changes in pH values of
yogurt during fermentation until the pH 4.6 (Zhang et al., 2019). V., maximum
acidification rate, defined as the maximum slope of the pH curve, was calculated from
the change in pH over time (dpH/dt) and expressed as pH units*10~/min. T,.(h) and

Tons.o (h) were calculated from the time at the reach to V., and the time required to
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reach a pH 5.0, respectively. Finally, T (h) was calculated from the time required to
complete the fermentation at pH 4.6. The parameters were calculated using Sigma
Plot 13, Systat Software, San Jose, CA). The change in pH values of yogurt samples was
measured using a pH-meter (Mettler Toledo S.A.E., Barcelona Co., Ltd, Spain).

3.1.3.2 Titratable acidity

The titratable acidity (TA) of yogurt samples was determined by the
titration method adapted from a previous study (da Silva, Junior, Gomes, dos Santos
Pozza, Britten, & Matumoto-Pintro, 2017). Briefly, the yogurt samples were diluted with
distilled water at the ratio 1:9. After that, 0.1% phenolphthalein as an indicator were
added into the mixture. The yogurt mixture was then titrated with 0.01 N NaOH under
continuous stirring until the development of a stable faint pink color for 1 min. The
amount of acid produced from the yogurt was expressed as ¢ lactic acid /100g of
yosurt.

3.1.3.3 Syneresis

The syneresis of yogurt was determined by a centrifugation procedure
according to a previous study (Mani-Lépez, Palou, & Lopez-Malo, 2014). Initially, 20 g
of sample was weighed and then centrifuged at 6600¢ at 4 °C for 30 min using a
HERMLE Z 383 K centrifuge (Hemle Labortechnik GmbH, Germany). The syneresis value

was reported as the volume of separated liquid per 100 g of yogurt.
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3.1.3.4 Color

The color of yogurt samples was evaluated using a Colorimeter (Color flex,
Hunter Associates laboratory, Inc, USA). The instrument was calibrated with a white
tile calibration plate (L* = 93.45; a* = -1.00; b* = 2.15). The results were expressed as
the CIE L*, a* and b* color values, where L*was represent lightness, a* represent

redness (+) to greenness (-) and b* represent yellowness (+) to blueness (-) of yogurt.

3.1.3.5 Texture analysis

The texture of yogurt was performed using TA-XT2 texture analyzer (Stable
Micro Systems, Godaming, UK) equipped with a software. The testing probe and
conditions were cylinder probe diameter 25 mm (P25/L), pre-test speed = 5 mm/s,
test speed 3.0 mm/s, target mode = strain, time 3 s and trigger force = 0.5 g with 2000
g of calibration weight. The test was carried out directly in a 40 ¢ sample cup,
performed in triplicate. All experiments were performed at 5 °C. The major textural of
set-yogurt characteristics, including firmness or gel strength (the peak of compression

force during the penetration) and adhesiveness (negative force area) were tested.

3.1.4 Microbiological analysis

The total lactobacillus count (TLC) of yogurt samples was performed at day 1,
7, 14 and 21. The samples were conducted according to the methodology with the
reference method ISO 15214 (1998). The de Man, Rogosa, and Sharpe (MRS) agar was

used for quantifying viable cell of lactic acid bacteria during refrigerated storage. After
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inoculation, the plates were inverted and incubated in anaerobic jars containing gas-
pack (Oxoid, ThermoFisher Scientific, UK) at 30 °C for 72 h. In this study, the pour plate
method gives an estimate of the viable bacterial count. After specifying the period of
time, count the colonies in each dish. The results were expressed as colony forming

unit per gram yosurt (CFU/g yogurt).

3.1.5 Total phenolic content and antioxidant activity of yogurt

The preparation of yogurt samples was done according to a previous study with
minor modifications (Marchianiet al., 2016). Briefly, 10 ¢ of each yogurt sample was
diluted with 10 mL of distilled water at 25 °C. The mixture was continuous stirred in a
shaker at 100 rpm for 30 min, then centrifuged at 2000¢ at 4 °C for 30 min. The
supernatant was collected and filtrated through Whatman No.1 paper and the extracts
were stored at -20 °C until analysis. The total phenolic content (TPC) was determined
using Folin-Ciocalteu assay as reported by Chayaratanasin, Barbieri, Suanpairintr and
Adisakwattana (2015). In brief, the extract (50 pL) was mixed with 50 pL of Folin-
Ciocalteu reagent (diluted 1: 10-fold). After 5 min of incubation, 50 pL of 10% (w/V)
Na,CO; was added. The mixture was mixed and incubated at room temperature in the
dark for 30 min. The absorbance was read at 760 nm. Total phenolic content was

expressed as mg gallic acid equivalent (GAE) per 100 ¢ yosurt.
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The DPPH radical scavenging activity was measured using the stable radical
DPPH (1,1-diphenyl 2-picrylhydrazyl) (Chayaratanasin et al., 2015). The absorbance was
measured at 515 nm. The result was expressed as mg ascorbic acid equivalents per
100 ¢ yosurt. Ferric reducing antioxidant power (FRAP) was measured according to a
previously published method (Chayaratanasin et al., 2015). The absorbance was
measured at 595 nm. The FRAP value was calculated using the standard curve of

FeSO4.7H,0 solution. The result was expressed as mmol FeSO,4 per 100 g yosurt.

3.1.6 Identification and quantification of anthocyanins

Identification and quantification of anthocyanin was performed by high
performance liquid chromatography (HPLC). The extraction of yogurt sample was done
following the previously published report with minor modification (Trigueros et al.,
2014). In brief, yogurt (5 g) was mixed with 15 ml of 2% acidified methanol, then the
solution was mixed for 5 min. After centrifugation at 3500 rpm at 4°C for 15 min, the
supernatant was collected and store at -20 C until future used. The HPLC condition
for this experiment was modified from a previous study (S'cibisz, Ziarno, Mitek, &
Zar€ba, 2012). The sample extract was diluted three times with 2% acidified methanol
before injected into HPLC system model SPD-10A (Shimadzu, Kyoto, Japan) with a UV-
detector, the column was Cyg (250x4.6 mm, VertiSep™ AQS-Vertical Chromatography
CO., LTD), the mobile phase was composed of solvent A (10% formic acid) and solvent

B (10% formic acid, 22.5% acetonitrile and 22.5% methanol). Twenty microliters of
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sample were run at 0.6 mL/min flow on a column and monitored for absorbance at
515 nm. The identification of anthocyanins in RBE was performed by comparing their
retention times and spiking the samples with cyanidin-3-glucoside and peonidin- 3-
glucoside. The standard curve was prepared using cyanidin- 3-glucoside (C3G) and
peonidin-3-glucoside (P3G) with the concentration of 0.5 to 8 pg/ml. The values were
reported as mg cyanidin- 3- glucoside equivalent and mg peonidin- 3- glucoside

equivalent per 100 g yogurt.

3.1.7 In vitro gastrointestinal digestion of yogurt

All yogurt samples were subjected to in vitro digestion in order to investigate the
release of glucose, TPC, anthocyanins, and antioxidant activity. The simulating oral,
gastric and intestinal phase was performed according to the previously described
method (Oliveira & Pintado, 2015) with minor modification. The yogurt sample (2 ¢)
was mixed with 3200 U/ml porcine Ol-amylase in 0.2 M carbonate buffer at pH 7. After
the oral phase for 20 second, the gastric phase was started by the addition of 3200
U/ ml porcine pepsin in 0.02 M HCLl, pH 2 at 37°C for 1 h. In the intestinal phase, 28
U/ ml amyloglucosidase (3 mg/ml), pancreatin (2 mg/ml) in 0.2 M sodium acetate
buffer pH 6 and bile salts (12 mg/ml) was added into the digesta and incubated at 37
°C. The sample was collected at the baseline, after gastric and intestinal phase (0, 30,
60, 120 and 180 min) with continuous stirring. The samples were cooled in an ice bath

to stop the enzyme activity and centrifuged at 12000 rpm at 4 °C for 15 min. The
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supernatants were collected and stored at - 20 °C until further analysis. The
concentration of glucose was measured using the glucose oxidase kit. The
concentration of glucose was expressed as mg/dL. The TPC and ferric reducing
antioxidant power (FRAP) assay was performed according to a previously published
method (Chayaratanasin et al., 2015). The results of TPC and FRAP were expressed as
mg GAE per 100 g yogurt and mmol FeSO, per 100 g yosurt, respectively. The content
of anthocyanin was determined using HPLC. The results were expressed as pg cyanidin-

3-glucoside equivalent and pg peonidin-3-glucoside equivalent per 100 g yosurt.

3.1.8 Sensory analysis

The sensory acceptability of yogurt samples after 1 day of refrigerated storage
was evaluated by 42 untrained panelists, the participants were 18-50 years old, ever
to consumed yogurt. Participants were required to be non-smokers, not pregnant and
lactation, free from food allergies, and no evidence of dietary intolerances, restrictions
or adverse reactions to dairy products. The sensory attributes including color, odor,
taste, flavor, texture and overall acceptance of each yogurt. Each panelist was received
4 cups of yogurt samples which code with a random three-digit number. The affective
dimension of the consumer perception of the samples was qualified by the sensory
evaluation form as 10 cm visual analog scale (VAS) (unacceptable, acceptable and no

criticism) (Soukoulis, Panagiotidis, Koureli, & Tzia, 2007).
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3.1.9 Statistical analysis

Data were reported as mean + S.E.M (n=3). Statistical analyses were performed
using one-way ANOVA followed by Duncan’s multiple range test (P <0.05). In simulated
digestion and refrigerated storage, Two-way analysis of variance (ANOVA) was used for
the comparisons between the effect of treatment and time followed by Duncan’s

multiple range test (P <0.05).
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3.2 Part Il: The effect of rice-berry yogurt on postprandial glycemic response and

antioxidant status in healthy subjects.

3.2.1 Preparation of probiotic yogurt with or without RBE

The set-type yogurt procedure was adapted from a previous report (Chandan &
O'Rell, 2006). In brief, whole milk was heated to 50 °C and milk powder (3% w/v) and
sucrose (5% w/v) were added, then homogenized at 7000 rpm, 65 °C for 5 min followed
by the addition of RBE at 0.25% (w/v). After heating at 90 °C for 10 min, the
standardized milk was cooled to 43 °C and inoculated with 0.02% of a mixed yogurt
freeze-dried culture containing Streptococcus thermophilus, Lactobacillus delbrueckii
supsp. bulgaricus, Lactobacillus acidophilus LA-5 and Bifidobacterium animalis subsp.
lactis BB-12. The inoculated milk was incubated for 5 h at 43 °C. When the pH of
yogurt reached to 4.6, the yogurt samples were cooled at 4 °C to stop the fermentation
and kept at 4 °C until further used. All the probiotic yogurt (Figure 3.1) was prepared
by a researcher at the Department of Nutrition and Dietetics, Faculty of Allied Health

Sciences, Chulalongkorn university.
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Control yogurt Riceberry-rice yogurt

Figure 12 The probiotic yogurt with or without RBE for participants

3.2.2 Sample size calculation

The sample size was calculated from the formula for crossover study design by
setting 95% confidence level and 80% power of test to detect the difference on area
under the curve (AUC) for plasma insulin from the previous study (Térrénen, McDougall
et al. 2012). The sample size was calculated using the following equation:

n = (Za,+Zp) O
AZ

where n = participants in each group, Z; a,, = confidence interval at 95% is 1.96
(Type | error), Zp = power of test (80%) is 0.84 (Type Il error), O = standard deviation,
A = change in the two group of the considered parameter.

n = (1.96+0.84)%(3677.7)

(2502)*
n = 16.9 ~ 17 participants

After 30% dropout rate, a total of 23 participants was recruited for the study.



3.2.3 Participants’ criteria

Inclusion criteria

Age 18-40 years old men and women

BMI 18.5-22.9 kg/m?

Fasting blood glucose < 100 mg/dl

Fasting total cholesterol < 200 mg/dl

Fasting triglyceride < 150 mg/dl

No evidence of dietary intolerances, restrictions or adverse reactions to

dairy products

Exclusion criteria

Diagnose as diabetic glucose intolerance or insulin resistance

Use of medication known to interfere with glucose homeostasis or
intestinal absorption

Pregnancy and lactation

Allergy to the study product

Moderate or intense physical activity (exceeding 6 h/week)

Use of nutritional supplements

Regularly Smoking

60
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3.2.4 Ethic approval

The study protocol was approved by the office of Ethics Review Committee for
Research Involving Human Research Subjects, Human Science Group, Chulalongkorn
University (COA No. 241/2018). All subjects gave their written informed consent to
participate. All information of participants was kept confidential. There were no major

changes in the study protocol after initiation of the study.

3.2.5 Study design and intervention

Design of the study was a randomized-controlled, crossover trial with a 1-week
washout periods. The procedure of the study was shown in figure 3.2. The participants
were randomly assigned to the sequence of the probiotic yogurt with or without RBE
by using computer sampling. Prior to each study period, the participants instructed to
avoid intake of phytochemical-rich foods such as berries, tea, soy, strawberry, citrus
fruits, red grape, black rice etc. Moreover, the participants were asked to fast for 10-12
h overnight for each study period. On the test day, they arrived at the Department of
Nutrition and Dietetics, Faculty of Allied Health Sciences, Chulalongkorn university and
were weighted upon arrival. After 10 min rest, an intravenous catheter was inserted
into a peripheral arm vein for repeated blood collection by a registered nurse and the
subjects’ appetite sensation was assessed with a visual analogue scale (VAS) (at 0 min).
After that, all participants were introduced to consume the 350 g probiotic yogurt with

or without RBE within 10 min. During this study, drinking-water was limited not more
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than 1,000 ml. In addition, participants were also introduced to maintain their usual
diet and physical activity until the end of the study.

The subjects’ appetite sensation VAS were 100 mm in length with words
anchored at each end, expressing the most positive and the most negative rating. VAS
were evaluated for hunger, fullness, desire to eat and satiety at before (0 min) and

after consumption of a test yogurt at 30, 60, 90, 120, 150, and 180 min.

Testing session \\Ps’ \\?5 \\?5 \\\’5 \\\’5 \\?5 \\"&

O 606006600

10-12 h fast and avoid | | | | | |

5-10 min
15 30 60 90 120 150 180 min

2
>

intake of phytochemical-

rest 0

rich foods

Consumption of
probiotic yogurt
with or without RBE

Figure 13 Study session protocol

3.2.6 Blood collection and analysis

Venous blood samples were collected through an intravenous (1.V.) catheter
inserted into a forearm vein by registered nurses. Blood samples was collected before
(0 min) and after consumption of a test yogurt at 15, 30, 60, 90, 120, 150, and 180 min.
At all-time points, blood samples were collected into NaF and EDTA tubes for analysis
of plasma glucose, plasma insulin, and antioxidant status. The blood samples were
centrifuged at 3000 rpm for 15 min at 4 °C to recover plasma. After centrifugation,

plasma was kept in Eppendorf tubes and stored at — 80 °C until analysis.
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3.2.7 Measurement of plasma glucose

Plasma glucose was measured by using a glucose oxidase method (HUMAN
GmbH, Germany).

3.2.8 Measurement of plasma antioxidant capacities

Ferric Reducing Antioxidant Power (FRAP) assay in a redox-linked colorimetric
reaction using methods modified from Benzie and Strain (107). Plasma sample (10 pL)
was incubated with FRAP reagent (90 pL) containing 0.3 M sodium acetate buffer (pH
3.6), 10 mM TPTZ in 40 mM HCl and 20 mM FeCl3. After incubation at room
temperature for 30 min, the reaction was read at the absorbance at 595 nm. The
result was interpreted the EC (Equivalence concentration) value from a standard curve
of FeSO,

Trolox Equivalent Antioxidant Capacity (TEAC) assay was measured based on the
inhibition of the scavenging of 2,2” -azinobis (3-ethyl benzothiazoline-6- sulfonic acid)
diamonium salt radical (ABTS™) (96). The ABTS" reagent was prepared by the mixture
of 7mM ABTS in 0.1 M PBS (pH 7.4) and 2.45 mM K2S5208 in distilled water (1:1, v/v).
After incubation for 16 h at room temperature, ABTS" solution was diluted with 0.1 M
PBS (pH 7.4) to adjust the absorbance between 0.900 and 1.000 at 734 nm. The
adjusted ABTS" solution was added into the plasma. After incubation for 6 min. The
reaction was measured at 734 nm and plasma TEAC was expressed as mM Trolox

equivalents.
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3.2.9 Measurement of plasma oxidant

Malondialdehyde ( MDA) assay was indicated as an end products of lipid
peroxidation by using a method based on the formation of thiobarbituric acid (TBA)
method under acidic conditions to produce a pink-colored product. Plasma was mixed
with 10% trichloroacetic acid (TCA) and 50 mM 2,6-Di-tert-bytyl-4-methylphenol (BHT).
After that, the mixture was centrifuged at 12,000 rpm for 10 min. then, 0.67% TBA was
added to the supernatant and then the mixture was incubated at 100 °C for 10 min.
The pink-colored of reaction was measured at 532 nm. Plasma MDA concentration was
calculated from the calibration curve of MDA and expressed as pmol/L MDA (Wolff

and Dean 1987).

3.2.10 Statistical analysis

The data were reported as mean + SEM. The statistical analyses were performed
using SPSS version 22 (Chicago, IL). The Shapiro-Wilk test was used to test normality of
the data. In human study, postprandial Incremental Area Under the Curve (IAUC) for
glucose, insulin, antioxidant status and lipid peroxidation (MDA) was calculated using
the Trapezoidal rule. Statistical analysis was determined by using repeated measure
ANOVA and followed by Post hoc test by Duncan’s multiple comparison. Paired t-test
was used for comparison between treatment. P-value < 0.05 was considered

statistically significances.
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3.3 Part lll: The consumption of riceberry rice beverage with high-carbohydrate,
moderate- fat meal on postprandial glycemic response, antioxidant status,

lipidemic response, and inflammatory markers in overweight and obese subjects.

3.3.1 RBE powder preparation

The aqueous extract of riceberry rice was prepared by a mixture of riceberry rice
and distilled water in 1:2 w/w ratio. The mixture was heated at 45 °C for 40 min with
continuous stirring, then the supernatant was collected and filtered with Whatman
No. 1 filter paper. In our preliminary experiment, the highest amount of polyphenol
content was obtained by this condition. The sample was frozen at -18 °C for 48 h. After
that, the sample was placed in a freeze dryer GFD-30S (GRT., Grisrianthong. Co., Ltd,
Thailand) and dried at -30 °C, at pressure of 0.15 mbar for 27 h and 30 min. The
riceberry rice extract (RBE) powder was kept in the laminated aluminum foil vacuum

bags at -20 °C until used.

3.3.2 Sample size calculation

The sample size was calculated from the formula for crossover study design by
setting 95% confidence level and 80% power of test to detect the difference of least-
square means for plasma insulin from the previous study (Edirisinghe, Banaszewski et
al. 2011). The sample size was calculated using the following equation:

n= (Za/2+Z§)2 o’

AZ
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where n = participants in each group, Z;.a/, = confidence interval at 95% is 1.96
(Type | error), Zg = power of test (80%) is 0.84 (Type Il error), O = standard deviation,
A = change in the two group of the considered parameter.

n = (1.96+0.84)468.1)

(55.6)°
n=11.76 ~ 12 participants

After 30% dropout rate, a number of participants in this study was 16.

3.3.3 Participants’ criteria

Inclusion criteria

- 18-40 years old men
- BMI 23.0-29.9 kg/m?
- Fasting blood glucose < 100 mg/dl

Exclusion criteria

- Diagnose as diabetic slucose intolerance or insulin resistance

- Use of medication known to interfere with glucose homeostasis or
intestinal absorption

- Use of medication known to interfere with cholesterol or triglyceride and
inflammatory level

- Allergy to the study product

- Moderate or intense physical activity (exceeding 6 h/week)
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- Use of nutritional supplements

- Regularly Smoking

3.3.4 Ethic approval

The study protocol was approved by the office of Ethics Review Committee for
Research Involving Human Research Subjects, Human Science Group, Chulalongkorn
University (COA No. 241/2018). All subjects gave their written informed consent to
participate. All information of participants was kept confidential. There were no major

changes in the study protocol after initiation of the study.

3.3.5 Study design and intervention

This study design was carried out using a randomized- controlled, crossover trial
with a 1-week. Participants were randomly assigned to consume a high-carbohydrate,
moderate-fat meal (HCMF) or a high- carbohydrate, moderate-fat meal with 2 ¢ RBE
powder beverage (HCMF+RBE) as shown in Table 7 and Figure 14. The freeze-dried

riceberry powder was prepared by mixing 400 ml of water and 10 g of sucrose.
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Table 7 Nutritional informatlopf‘/'abo’tf’??ﬁfé:’;_e\sting meal

Compositions HCMF HCMF + RBE
RBE extract (g) - i 2
White breads (slices) a4 il
Condensed-milk (g) 10 10
Butter (g) 15 15
Sugar (g) 10 10
Total calories (kcal) 535 535

CHO : Fat : Protein ratio

68.8:25.2:6.0 68.8:25.2:6.0

Adapted from Chusak et al. (2014).
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The procedure in this study was shown in figure 6. All testing meals were
prepared freshly by a researcher. On the test day, they arrived at the Department of
Nutrition and Dietetics, Faculty of Allied Health Sciences, Chulalongkorn university and
were weighted upon arrival after a 10-12 h overnight fast. After 10 min rest, an
intravenous catheter was inserted into a peripheral arm vein for repeated blood
collection by a registered nurse and the subjects’ appetite sensation was assessed
with a visual analogue scale (VAS) (at 0 min). Then, they were introduced to consume
a test meal within 10 min. During this study, drinking-water was limited not more than
1,000 ml. They were instructed to avoid intake of phytochemical-rich foods such as
berries, tea, soy, strawberry, citrus fruits, red grape, black rice etc. until completed the
study. The subjects’ appetite sensation VAS were 100 mm in length with words
anchored at each end, expressing the most positive and the most negative rating. VAS
were evaluated for hunger, fullness, desire to eat and satiety at before (0 min) and

after consumption of a test yogurt at 30, 60, 90, 120, 180, 240, 300 and 360 min.
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. . 5-10 min .
intake of phytochemical- >
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Consumption of a test

meal within 10 min.

Figure 15 The study protocol
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3.3.6 Blood collection and analysis

The blood samples were collected through an intravenous catheter inserted into
a forearm vein by registered nurses and remained into a subject’s forearm for collecting
blood samples until 6 hours. Blood samples were collected before and 15, 30, 60, 90,
120, 180, 240, 300, and 360 min after consumption of the study meal. At all-time
points, blood was collected into NaF and EDTA tubes for analysis of plasma glucose,
insulin, triglyceride, antioxidant, and inflammatory markers. The samples were
centrifuged at 3000 rpm for 15 min at 4 °C to recover plasma. After centrifugation,

plasma was kept in Eppendorf tubes and stored at -80 °C until analysis.

3.3.7 Measurement of plasma glucose, insulin and triglyceride

Plasma glucose by using a glucose oxidase method (HUMAN GmbH, Germany).
As for plasma triglyceride was measured using a triglyceride enzymatic Colorimetric
method (HUMAN GmbH, Germany). Plasma insulin was measured by an insulin ELISA

kit (Thermo Fisher Scientific Inc., USA).

3.3.8 Measurement of plasma antioxidant capacities

Ferric Reducing Antioxidant Power (FRAP) assay in a redox-linked colorimetric
reaction using methods modified from Benzie and Strain (1996). Plasma sample (10
uL) was incubated with FRAP reagent (90 ulL) containing 0.3 M sodium acetate buffer
(pH 3.6), 10 mM TPTZ in 40 mM HCland 20 mM FeCl3. After incubation at room

temperature for 30 min, the reaction was read at the absorbance at 595 nm. The
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result was interpreted the EC (Equivalence concentration) value from a standard curve
of FeSOq,

Trolox Equivalent Antioxidant Capacity (TEAC) assay was measured based on the
inhibition of the scavenging of 2,2’ -azinobis (3-ethyl benzothiazoline-6-sulfonic acid)
diamonium salt radical (ABTS™) (96). The ABTS" reagent was prepared by the mixture
of 7mM ABTS in 0.1 M PBS (pH 7.4) and 2.45 mM K2S208 in distilled water (1:1, v/v).
After incubation for 16 h at room temperature, ABTS" solution was diluted with 0.1 M
PBS (pH 7.4) to adjust the absorbance between 0.900 and 1.000 at 734 nm. The
adjusted ABTS" solution was added into the plasma. After incubation for 6 min. The
reaction was measured at 734 nm and plasma TEAC was expressed as mM Trolox

equivalents.

3.3.9 Measurement of plasma oxidant

Malondialdehyde ( MDA) assay was indicated as an end products of lipid
peroxidation by using a method based on the formation of thiobarbituric acid (TBA)
method under acidic conditions to produce a pink-colored product. Plasma was mixed
with 10% trichloroacetic acid (TCA) and 50 mM 2,6-Di-tert-bytyl-4-methylphenol (BHT).
After that, the mixture was centrifuged at 12,000 rpm for 10 min. then, 0.67% TBA was
added to the supernatant and then the mixture was incubated at 100 °C for 10 min.

The pink-colored of reaction was measured at 532 nm. Plasma MDA concentration was
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calculated from the calibration curve of MDA and expressed as umol/L MDA (Wolff

and Dean 1987).

3.3.10 Measurement of plasma free fatty acid and inflammation

The plasma concentration of free fatty acid, IL- 1B, IL- 6, and TNF- Ol was
performed by using commercially available high- sensitivity enzyme- linked
immunosorbent assay kits (R&D System Inc., Minneapolis, MN) according to the

manufacture’ instructions.

3.3.11 Statistical analysis

The data was reported as mean + SEM. Postprandial Incremental Area Under the
Curve (IAUQ) for plasma glucose, insulin, triglyceride, antioxidant status, MDA, free fatty
acid, IL-1[3, IL-6, and TNF-QL were calculated using the Trapezoidal rule. The Shapiro-
Wilk test was used to test normality of the data. Statistical analysis was determined by
using repeated measure ANOVA and followed by Post hoc test by Duncan’s multiple

comparison. P-value < 0.05 was considered statistically significances.
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CHAPTER IV

RESULTS

4.1 Part I: Incorporation of anthocyanin-rich riceberry rice in yogurts: Effect on
physicochemical properties, antioxidant activity and in vitro gastrointestinal
digestion

4.1.1 Characteristic of riceberry rice extract (RBE)

The photographs of riceberry rice and its powder extract (RBE) are shown in
Figure 4.1. The results found that the TPC, DPPH radical scavenging activity and FRAP
of RBE were 69.95+5.78 mg gallic acid equivalent/g extract, 93.57+7.7 mg ascorbic acid
equivalent/ g extract and 592.12+55.3 mmol FeSO/ ¢ extract, respectively. From the
HPLC analysis, C3G (2.05+0.04 mg/g extract) and P3G (0.78+0.01 mg/g extract) were

identified in RBE.

Riceberry Rice extract powder

Riceberry Rice

Figure 16 Riceberry rice and its powder extract (RBE)
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4.1.2. Kinetic parameters

Figure 17 represents the pH change of yogurt supplemented with RBE during the
fermentation time. The addition of RBE did not reduce the initial pH of the milk,
whereas it significantly increased pH of the mixture after 2 h of fermentation. However,
the time taken for yogurt supplemented with RBE to reach pH 4.6 was similar to that
of the control. The acidification kinetic parameters of yogurt supplemented with RBE
are shown in Table 8. The maximum acidification rates (V,.,,) were between 8.78 and
12.77 10 pH units per min. The addition of RBE (0.125-0.5%) to yogurt resulted in a
significant decrease in V. The time to reach a maximum acidification rate (T,,) was
increased when yogurts were supplemented with RBE 0.25% and 0.5%. Moreover, RBE

did not change the fermentation time (T¢) when compared to the control.
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Figure 17 pH values of yosurt samples during fermentation time. The results are

expressed as mean + S.E.M (n=3). Means with different letters are significant different

(P<0.05).
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Table 8 Acidification kinetic parameters of yogurt supplemented with RBE during

fermentation.

Samples Vinax (10°pH Trmax (h) Ton 50 (h) T (h)
units/min)

Control 12.77+0.34° 2.00+0.05° 3.62+0.03" 4.66+0.03°

RBE 0.125% 11.75+0.20° 2.00+0.03° 3.70+0.03" 4.73+0.03°

RBE 0.25% 9.69+0.24° 3.00+0.07° 3.65+0.27° 4.75+0.04°

RBE 0.5% 8.78+0.26° 3.00+0.09° 3.75+0.23° 4.78+0.08"

Vimax = Maximum acidification rate (10’3pH units/min); Toax = time at which V ., was

reached; Touso = time to reached pH 5.0; T = time to complete the fermentation at

pH 4.6. The results are expressed as mean + SEM (n=3). Means with difference

superscripts are significantly different (P<0.05). RBE concentration is reported on a

weight/weight basis (w/w).
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4.1.3. Physicochemical properties, microbiological analysis, total phenolic

content and antioxidant activity of yogurt

Table 9 shows the results of pH, titratable acidity, syneresis, texture profiles, TLC,
TPC, anthocyanins and antioxidant activity of yogurt supplemented with RBE at day 1
of refrigerated storage. The addition of RBE into yogurt had no effect on changes in pH
and titratable acidity when compared to the control yogurt. As for the result of
syneresis, an important index for evaluating quality of set-type yogurt, indicates a
balance between attraction and repulsion forces within the casein network and the
rearrangement capacity of the network bond (Matumoto- Pintro, Rabiey, Robitaille, &
Britten, 2011). In this study, the addition of RBE (0.125-0.5%) caused a significant
reduction in syneresis of yogurt. For the firmness, an important parameter to measure
the quality of set yogurt, indicate force necessary to attain a given deformation. In this
study, RBE at concentration of 0.5% produced a significant decrease firmness of yogurt.
As shown in Table 9, the addition of RBE did not affect the number of viable lactobacilli
count in yogurt. As for the results of total phenolic content and antioxidant activity of
yogurt showed that yogurt supplemented with RBE had significantly higher TPC, C3G,

P3G, DPPH radical scavenging activity and FRAP when compared to the control.
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4.1.4 In vitro gastrointestinal digestion

The effects of RBE on the release of glucose from yogurts are shown in Figure
18. In gastric phase, there was no significant difference in the release of glucose
between the control and yogurt supplemented with RBE. After yogurts were digested
at the intestinal phase, the significant increase in glucose release from yogurts was
perceived. Interestingly, RBE (0.25% and 0.5%) slightly reduced the glucose release
from yogurt at the beginning of intestinal phase. However, RBE did not show a
significant difference in the ¢clucose release between the control and yogurt

supplemented with RBE during 60-180 min.



80

HEER Control
1200 ~ 1 0.125% RBE

=== 0.25% RBE
1 0.5% RBE

7 1000 A

g a— Q0@

=T Lo

© 5 <

=5 800

€ 0

)

2o

6o 600 -

Qo

35

S £ 400 ~

c 2240

(1v]
200 - <
0 | |
Gastric phase 0 60 120 180

Intestinal phase (min)

Figure 18 The release of glucose of yosurts supplemented with 0.125, 0.25, and 0.5
% (w/w) riceberry rice extract (RBE) during in vitro gastrointestinal digestion. The results
are expressed as mean + S.E.M (n=3). Means with different lowercase letters (a-c: time
effects) at the same treatment are significant different (P<0.05). Means with different
uppercase letters at the same time (A-D: treatment effects) are significant different

(P<0.05).
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Figure 19 shows the level of TPC in all yogurts during in vitro gastrointestinal
digestion, respectively. In the gastric phase, a significant higher level of TPC in yogurt
supplemented with RBE was observed at the beginning of intestinal phase. The gradual
increase in the release of the TPC from yosurt supplemented with RBE was markedly

noticed after the intestinal phase when compared to control.
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Figure 19 The level of TPC of yogurts supplemented with 0.125, 0.25, and 0.5 % (w/w)
riceberry rice extract (RBE) during in vitro gastrointestinal digestion. The results are
expressed as mean + S.E.M (n=3). Means with different lowercase letters (a-c: time
effects) at the same treatment are significant different (P<0.05). Means with different
uppercase letters at the same time (A-C: treatment effects) are significant different

(P<0.05).
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Figure 20 and 21 demonstrate the level of C3G and P3G in yosgurts supplemented
with RBE during in vitro gastrointestinal digestion. The results found that the level of
C3G and P3G in yogurts supplemented with RBE increased at the gastric phase, whereas
they decreased at the beginning of intestinal digestion. As the intestinal digestion
proceeded, the level of C3G and P3G in yosurts supplemented with RBE remain
unchanged. The gradual decrease in the level of anthocyanins in yogurt from gastric

to intestinal digestion, as was observed
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Figure 20 The level of C3G of yogurts supplemented with 0.125, 0.25, and 0.5 % (w/w)
riceberry rice extract (RBE) during in vitro gastrointestinal digestion. The results are
expressed as mean + S.E.M (n=3). Means with different lowercase letters (a-b: time
effects) at the same treatment are significant different (P<0.05). Means with different
uppercase letters at the same time (A-C: treatment effects) are significant different

(P<0.05).
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Figure 21 The level of P3G of yogurts supplemented with 0.125, 0.25, and 0.5 % (w/w)
riceberry rice extract (RBE) during in vitro gastrointestinal digestion. The results are
expressed as mean + S.E.M (n=3). Means with different lowercase letters (a-b: time
effects) at the same treatment are significant different (P<0.05). Means with different
uppercase letters at the same time (A-C: treatment effects) are significant different

(P<0.05).
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The results for antioxidant activity of yogurt supplemented with RBE subjected
to the simulated gastrointestinal environment are presented in Figure 22. When
comparing with gastric digestion, the FRAP value of the control yogurt significantly

increased at 0, 60 and 120 min after intestinal digestion.
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Figure 22 The FRAP values of yogurts supplemented with 0.125, 0.25, and 0.5% (w/w)

riceberry rice extract (RBE) during in vitro gastrointestinal digestion.

The results are

expressed as mean + S.E.M (n=3). Means with different lowercase letters (a-c: time

effects) at the same treatment are significant different (P<0.05). Means with different

uppercase letters at the same time (A-D: treatment effects) are significant different

(P<0.05).
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4.1.5. Sensory evaluation

The results describing the effect of RBE on sensory attributes of yogurt at day 1
of refrigerated storage are reported in Table 10. The results indicated that addition of
RBE into yogurt caused a slight decrease in the score of parameters including color,
odor and appearance. In particular, 0.125% and 0.25% RBE did not change the score

of flavors and demonstrated a good overall acceptability of consumer.
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Table 10 Sensory evaluation of yogurts supplemented with RBE at day 1.

Experiments Characteristics

Color Odor Flavor Texture Appearance Acceptability
Control 8.06+£0.27° 7.92+030° 802+0.25° 8.25:+0.23"  8.09+0.23° 8.43+0.20°
0.125%RBE 6.53£0.38°  6.70+0.32° 7.45+023° 7.47+020°  7.16+0.29" 7.87+0.17°
0.25%RBE 6.7240.33°  6.73+032° 7.36+030° 7.83x0.19"°  7.31+0.25° 8.10+0.18°
0.5%RBE 550+0.38° 5.15+0.38° 588+0.37° 6.76+0.33°  6.30+0.33° 6.37+0.32

The results are expressed as mean + SEM (n = 42). Means with difference superscripts are significantly different

(P<0.05). RBE concentration is reported on a weight/weight basis (w/w).
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4.1.6 Physicochemical, phytochemical, microbiological and antioxidant changes

in yogurt during refrigerated storage

Table 11 shows the results for physicochemical properties, microbiological
analysis, phytochemical compounds and the antioxidant activity of yogurt
supplemented with 0.125% and 0.25% RBE during 21 days of refrigerated storage. It
can be observed that the acidity and the pH values of yogurt supplemented with RBE
did not differ significantly when compared to the control at the same day of storage.
However, all formulated yosurts significantly decreased the number of LAB at 14 days
and 21 days of refrigerated storage. For the syneresis of all formulated yogurts gradually
decreased throughout 21 days of refrigerated storage. Yogurts supplemented with RBE
showed lower syneresis than the control at 1, 7 and 14 days of storage, except for the
end of storage. As for the results of color, the changes in the color profiles of yogurt
supplemented with RBE during 21 days of storage. It is clear that the lower value of L*
(lightness) and b* (yellowness) together with the higher value of a* (redness) was
identified in yogurt supplemented with RBE, as compared to the control. The color
profiles of yogurts supplemented with RBE remained constant until the end of the
storage, except value of a*. Throughout 21 days of refrigerated storage, the TPC, C3G
and P3G of yosurts supplemented with RBE remained constant. However, RBE-
supplemented yogurt exhibited significantly higher TPC, C3G and P3G than the control
throughout the study. As expected, the addition of RBE into yogurt produced

significantly higher DPPH and FRAP value than the control throughout 21 days of
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refrigerated storage. However, the DPPH and FRAP values of yosurts supplemented

with RBE gradually decreased at day 21 when compared to day 1.
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Table 11 Physicochemical properties, total lactobacillus count (TLQ), total phenolic content (TPQ),
cyanidin- 3- glucoside ( C3G), peonidin- 3- glucoside (P3G) and antioxidant activity of yogurt

supplemented with RBE during 21 days of refrigerated storage.

Experiments Day 1 Day 7 Day 14 Day 21
Characteristics
pH Control 4.69+0.02" 4.75+0.01% 4.660.01"° 4.65+0.00™
0.125% RBE 4.67+0.03™ 4.71+0.04"% 4.62+0.05™ 4.63+0.03™
0.25% RBE 4.66+0.02" 4.64+0.01% 4.62+0.02™ 4.63+0.01%
Titratable Control 0.60+0.03™ 0.58+0.01* 0.59+0.00™ 0.58+0.01*
acidity (%) 0.125% RBE 0.64+0.02"% 0.60+0.02" 0.610.01" 0.60+0.00™
0.25% RBE 0.71+0.04%° 0.63+0.03"* 0.66+0.01%° 0.61+0.02™
TLC Control 207x10°£0.03™  1.78x10°+0.41™  7.03x10°+0.24™  4.30x10°+0.67™
(CFU/g yogurt)  0.125% RBE 200x10°+0.21™  1.82x10°+0.23™  8.14x10°+0.32"°  5.13x10%+0.50™

0.25% RBE 2.10x10°+0.10™  1.81x10°+0.45™  8.43x10°+0.41"°  5.97x10%+1.40™
Syneresis (%)  Control 14.13+0.32" 12.94+0.03" 12.35+0.06™ 8.36+0.22"
0.125% RBE 12.05+0.58% 11.47+0.08™ 11.87+0.16™ 8.75+0.47"
0.25% RBE 8.45+0.49° 6.69+0.33° 7.92+0.80% 6.44+0.31%
L* Control 44.01+0.43" 42.82+0.14"° 43.20+0.14™ 43.34+0.12"
0.125% RBE 24,640,585 24.74+0.11% 24.78+0.08% 24.84+0.13%
0.25% RBE 18.98+0.29% 19.08+0.11° 18.87+0.03° 19.06+0.01°
a* Control -1.09+0.05™ -1.21+0.14™ -1.26+0.01™ -1.24+0.06™
0.125% RBE 8.96+0.13% 8.70+0.04%° 8.69+0.10%" 8.55+0.15%
0.25% RBE 10.13+0.07%° 10.02+0.05™° 10.02+0.02°° 9.86+0.01°
b* Control 8.30+0.23"® 7.86+0.16™ 8.41+0.15"® 8.65+0.17"°
0.125% RBE 4.67+0.02% 4.65+0.08% 4.82+0.13% 4.66+0.03%
0.25% RBE 4.63+0.05% 4.47+0.07% 4.63+0.16™ 4.72+0.03%

The results are expressed as mean + SEM (n=3). Means with different lowercase letters (a-e: time effects) at the

same treatment are significant different (P<0.05). Means with different uppercase letters at the same day (A-D:

treatment effects) are significant different (P<0.05). N.D., not detected. RBE concentration is reported on a

weight/weight basis (w/w).
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Characteristics Experiments Day 1 Day 7 Day 14 Day 21
TPC (mg GAE /100g Control 4.58+0.35™ 5.14+0.32" 5.52+0.26" 4.58+0.30"
yogurt) 0.125% RBE 6.50£0.27% 7.1620.67% 7.56+0.53% 6.50+0.14%
0.25% RBE 8.04+0.26 8.80+0.47%° 9.41+0.45 8.14+0.35""
C3G (mg/100g yogurt) Control N.D. N.D. N.D. N.D.
0.125% RBE 2.88+0.12™ 2.42+0.18™ 2.67£0.06"  2.45+0.05"
0.25% RBE 4.97+0.20% 4.88+0.16™ 5.02+0.12% 4.32+0.09%
P3G (mg/100g yogurt) Control N.D. N.D. N.D. N.D.
0.125% RBE 1.31+0.06™ 1.31+1.21% 1.17+0.03" 1.13+0.05™
0.25% RBE 2.25+0.10% 2.00+0.09% 2.02+0.05% 2.01+0.02%
DPPH (mg ascorbic acid ~ Control 2.19+0.06™°  238+0.16" 1.98+0.02" 1.65+0.09™
equivalents /100 g 0.125% RBE 3.96+0.10% 4.0740.33% 3.22+0.21% 2.62+0.15%
yogurt) 0.25% RBE 583+0.18“°  6.00+0.54°° 4.89+0.12°° 3.89+0.26
FRAP (mmol trolox Control 4.98+0.20™ 4.82+0.26™ 4.54+0.25™ 4.23+0.12"
/100 g yogurt) 0.125% RBE 17.79+0.18%  16.90+0.12%  15.11+0.26®  12.61+0.25%
0.25% RBE 2564+0.96°  24.04+1.05“°  21.44+1.95°  20.05+0.50°

The results are expressed as mean + SEM (n=3). Means with different lowercase letters (a-e: time effects) at the

same treatment are significant different (P<0.05). Means with different uppercase letters at the same day (A-D:

treatment effects) are significant different (P<0.05). N.D., not detected. RBE concentration is reported on a

weight/weight basis (w/w).
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4.2 Part ll: The effect of riceberry rice yogurt on postprandial glycemic response
and antioxidant status in healthy subjects.

Twenty-three subjects were recruited for this study according to Consolidated
Standards of Reporting Trials (CONSORT) flow diagram (Figure 23). All participants were
randomly assigned into two group. Four subjects withdrew during the study due to the
reasons unrelated to the study. Nineteen participants finally completed the study. The

baseline characteristics of nineteen participants are shown in Table 12.
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Enrollment Assessed for eligibility (n = 23)

Randomly assigned (n = 23)

Allocation
Control yogurt Riceberry-rice yogurt
Allocated to intervention (n = 12) Allocated to intervention (n = 11)
= Received allocated intervention (n=12) * Received allocated intervention (n=11)
e
Control yogurt Riceberry-riceyogurt
Allocated to intervention (n = 11) Allocated to intervention (n = 12)
* Received allocated intervention (n=9) * Received allocated intervention (n=10)
= Did not receive allocated intervention (n=2) = Did not receive allocated intervention (n=2)
Analysis .
— Analysis (n = 19)
» Excluded from analysis (n=4)

Figure 23 The Consolidated Standards of Reporting Trials (CONSORT) flow diagram.



Table 12 Baseline characteristics of the study participants

Mean + SEM
Age (years) 28.05 + 2.98
Height (cm) 21.24 + 0.38
Weight (Kg) 58.33 + 2.19
BMI (Kg/m?) 21.24 + 0.38
Fasting plasma glucose (mg/dL) 83.63 + 1.00
Total cholesterol (mg/dL 167.32 + 8.12
Serum triglyceride (mg/dL) 52.95 + 3.79
LDL-C (mg/dL) 113.53 + 6.62
HDL-C (mg/dL) 43.20 + 3.53
Creatinine (mg/dL) 0.72 + 0.04
BUN (mg/dL) 11.58 + 0.54

All values are mean + SEM, n=19

96
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4.2.1 Nutritional profile of yogurt

The nutrient composition of yogurt is shown in Table 13. All yogurts had
similar energy content approximately 349.06-349.62 kcal/350 ¢ yogurt. The
macronutrient distribution of yosgurt was 48.85-50.22 % carbohydrate, 15.76-

15.82% protein, and 34.38-33.97% fat, respectively.



Table 13 Nutrient composition of yogurt for 1 serving size (350 g).

Composition Control yogurt Riceberry rice yogurt
Energy (kcal) 349.06 349.62

Carbohydrate (g) 43.51 43.89

Protein (g) 13.76 13.83

Fat (¢) 13.34 13.20

Moisture (g) 275.87 275.52

Ash (¢) 3.54 3.57

% Carbohydrate 49.85 50.22

% Protein 15.76 15.82

% Fat 34.38 33.97

98
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4.2.2 Postprandial plasma glucose concentration

Figure 24A. shows plasma glucose concentrations of in the subject during the
postprandial period after intake of yogurts. Plasma glucose increased significantly at 15
and 30 min (P<0.05) then returned to the baseline level within 60 min. Consumption
of riceberry yogurt resulted in a significantly lower postprandial plasma glucose
concentration at 30 and 120 min when compared to the control. A 25% reduction in
iIAUC of glucose for riceberry yogurt in relative to the control was observed (Figure

24B).
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Figure 24 Effect of riceberry yogurt on postprandial plasma slucose in the subjects.
(A) Changes in plasma glucose concentration during 120 min and (B) incremental area
under the curves (IAUCs) of plasma glucose. Baseline of plasma glucose level in the
group consumed a control yogurt and a riceberry yogurt were 78.5+1.4 mg/dL and
82.1+£3.5 mg/dL, respectively. Data are presented as mean + SEM, n=19. * P<0.05

compared to the control yogurt.
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Figure 24 Incremental area under the curves (iIAUCs) for postprandial plasma glucose.

Data are presented as mean + SEM, n=19. * P<0.05 compared to the control yogurt.
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4.2.3 Plasma antioxidant status

[ Plasma FRAP
A significant increase in FRAP level was found at 30 min after the consumption
of yogurts (Figure 25A). Compared to the control, the postprandial plasma FRAP level
of riceberry rice yogurt was higher at 60, 90, and 120 min. The iAUC of plasma FRAP
level was significantly higher after consumption of riceberry yogurt compared with the

control (Figure 25B).
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Figure 25 Effect of riceberry yogurt on postprandial plasma FRAP in the subjects. (A)

Changes in plasma FRAP during 180 min and (B) incremental area under the curves

(iAUCs) of plasma FRAP. Baseline of plasma FRAP level in the group consumed a

control yogurt and a riceberry yogurt were 0.20+0.04 mM FeSO4 and 0.17+0.03 mM

FeSO,, respectively. Data are presented as mean + SEM, n=19. * P<0.05 compared to

the control yogurt.
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Figure 25 Incremental area under the curves (JAUCs) for postprandial plasma FRAP.

Data are presented as mean + SEM, n=19. * P<0.05 compared to the control yogurt.
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0 plasma TEAC

Consumption of all yogurts caused a significant increase in TEAC level above
baseline for all time points. Plasma TEAC levels at 30, 90, 120, and 150 min were
significantly higher in participants who received riceberry yogurt than in those who
consumed the control yogurt. Interestingly, riceberry yogurt demonstrated higher levels
of plasma TEAC than the control ( Figure 26A). The iAUC of plasma TEAC was
significantly higher following riceberry rice yogurt compared with the control (Figure

26B).
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Figure 26 Effect of riceberry yogurt on postprandial plasma TEAC in the subjects. (A)
Changes in plasma TEAC during 180 min and (B) ) incremental area under the curves
(iIAUCs) of plasma TEAC. Baseline of plasma TEAC level in the group consumed a
control yogurt and a riceberry yosurt were 1800. 87+218. 00 mM Trolox and
1647.84+144.39 mM Trolox, respectively. Data are presented as mean + SEM, n=19. *

P<0.05 compared to the control yosurt.
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Figure 26 Incremental area under the curves (IAUCs) for postprandial plasma TEAC.

Data are presented as mean + SEM, n=19. * P<0.05 compared to the control yogurt.
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0 pPlasma ORAC

As shown in Figure 27A, the postprandial plasma ORAC level appeared
immediately following intake of all yogurts and returned to the baseline level at 180
min. The plasma ORAC level at 30, 60, 90, and 120 min were significantly higher in
riceberry rice yogurt than those in the control. The iAUC of plasma ORAC was 2.91-
fold greater in the subjects who consumed riceberry yosgurt, as compared to the

control (Figure 27B).
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Figure 27 Effect of riceberry yogurt on postprandial plasma ORAC in the subjects. (A)
Changes in plasma ORAC during 180 min and (B) ) incremental area under the curves
(iIAUCs) of plasma ORAC. Baseline of plasma ORAC level in the group consumed a
control yogurt and a riceberry yogurt were 1429. 01+44. 35 uM Trolox and
1431.27+47.42 pM Trolox, respectively. Data are presented as mean + SEM, n=19. *

P<0.05 compared to the control yosurt.
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Figure 27 Incremental area under the curves (IAUCs) for postprandial plasma ORAC.

Data are presented as mean + SEM, n=19. * P<0.05 compared to the control yogurt.
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0 plasma Thiol

As shown in Figure 28A, the postprandial plasma thiol level was elevated after
consumption of all yogurts when compared to the baseline level. Nevertheless,
postprandial plasma thiol did not differ between riceberry yogurt and the control
yogurt. In comparison to the control riceberry yogurt caused a 1.79-fold increase iAUCs

of plasma thiol (Figure 28B).



112

A

© 100 - —e— Control yogurt

= —O— Riceberry yogurt

©

E 80

L]

)

® S 60 -

-8

cw

E >

89 404

2=

o

5 E 20

&

E 0 P-time = 0.000

e P-treatment =0.518

g P-interaction = 0.004
0 30 60 90 120 150 180

Time (min)

Figure 28 Effect of riceberry yogurt on postprandial plasma thiol in the subjects. (A)
Changes in plasma thiol during 180 min and (B) ) incremental area under the curves
(IAUCs) of plasma thiol. Baseline of plasma thiol level in the group consumed a control
yosurt and a riceberry yogurt were 616.76+61.71 mM L-Cysteine and 653.98+61.21 mM
L-Cysteine, respectively. Data are presented as mean + SEM, n=19. * P<0.05 compared

to the control yogurt.
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Figure 28 Incremental area under the curves (JAUCs) for postprandial plasma thiol.

Data are presented as mean + SEM, n=19. * P<0.05 compared to the control yogurt.
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1 Lipid peroxidation

The results of postprandial plasma MDA concentration after consumption of
yogurts are presented in Figure 29A. Plasma MDA concentration increased significantly
from baseline following the control yogurt markedly increased the level of MDA. No
significant change in the level of MDA was detected after consumption of riceberry
yogurt. A 33 % reduction in iIAUC of postprandial plasma MDA was observed following

consumption of riceberry yogurt (Figure 29B).
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Figure 29 Effect of riceberry yogurt on postprandial plasma MDA in the subjects. (A)
Changes in plasma MDA during 180 min and (B) ) incremental area under the curves
(IAUCs) of plasma MDA. Baseline of plasma MDA level in the group consumed a control
yogurt and a riceberry yogurt were 0.30+0.04 uM MDA and 0.30+0.04 uM MDA,
respectively. Data are presented as mean + SEM, n=19. * P<0.05 compared to the

control yogurt.
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Figure 29 Incremental area under the curves (JAUCs) for postprandial plasma MDA.

Data are presented as mean + SEM, n=19. * P<0.05 compared to the control yogurt.
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4.2.4 Subjective rating of hunger, fullness, desire to eat, and satiety

The results of satiety after consumption of yogurts are illustrated in Figure 30A-
D. Ingestion of all yogurts markedly altered the hunger, fullness, desire to eat, and
satiety rating, as compared to baseline. However, there were no significant differences

in the rating score of hunger, fullness, desire to eat, and satiety among all yogurts.
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Figure 30 Changes in appetite, hunger (A), fullness (B), desire to eat (C), and satiety (D)
in healthy participants after consuming either the control yogurt or riceberry yosurt.

Data are presented as mean + SEM, n=19. * P<0.05 compared to the control yogurt.



w

Fullness score (cm)

10 -

—e— Control yogurt
—C— Riceberry yogurt

P-time = 0.000
P-treatment = 0.139
P-interaction = 0.166

90 120 150 180

Time (min)

119

Figure 30 Changes in fullness score after the consuming either the control yogurt or

riceberry yogurt. Data are presented as mean + SEM, n=19. * P<0.05 compared to the

control yogurt.
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Figure 30 Changes in desire to eat score after the consuming either the control yogurt
or riceberry yogurt. Data are presented as mean + SEM, n=19. * P<0.05 compared to

the control yogurt.
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Figure 30 Changes in satiety score after the consuming either the control yogurt or
riceberry yogurt. Data are presented as mean + SEM, n=19. * P<0.05 compared to the

control yogurt.



122

4.2.4  The maximum plasma concentration (C.,) and the peak plasma

concentration (T

The maximum plasma concentration (C.,) and the peak plasma concentration
(Trax) after ingestion of all yogurts are presented in Table 14. Consumption of riceberry
yogurt caused a higher C,, of plasma glucose than that of the control. However, it
slightly delayed the peak plasma glucose when compared to the control. In addition,
the group who consumed riceberry rice yosurt had higher value of Cmax of
postprandial plasma FRAP than that of the control, with the similar value of T .
Additionally, there were no changes in C. . and T Of postprandial plasma TEAC,

Thiol, ORAC, and MDA between riceberry yogurt and the control.
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Table 14 The maximum plasma concentration ( C,.) and the peak plasma

concentration (T,,) of postprandial plasma glucose, FRAP, TEAC, Thiol, ORAC, and

MDA after ingestion of riceberry rice yogurt.

Parameters Control yogurt Riceberry rice yogurt
Glucose

Crnaxg 10 (Me/dL) 93.46 + 2.45 102.18 + 4.89
Traxo.1g0 (Min) 26.05 + 1.56 3868 + 9.41

FRAP

Cmaxg 150 (MM FeSQOy) 0.55+0.03 0.64 + 0.04
Traxo.1g0 (Min) 88.42 + 12.24 88.42 + 10.38

TEAC

Cmaxg 10 (Mg Trolox equivalent)

TrmaXo.1s0 (min)

2,194.83 + 243.95
121.58 + 12.24

2,118.94 + 174.08
113.68 + 11.38

ORAC
Cmaxo.150 (MM Trolox)

Trmaxg.1go (MiN)

1,644.65 + 45.51
96.32 + 13.29

1,797.13 + 78.49
113.68 + 11.14

Thiol

Cmaxg.1g0 (MM L-Cysteine)

686.68 + 63.93

756.74 + 65.65

Traxo.1g0 (Min) 120.00 £ 9.73 99.47 + 11.01
MDA

Cmaxg 150 (LM MDA) 0.73 + 0.10 0.51 + 0.08
Trmaxg. 150 (Min) 120.00 + 10.76 97.89 + 12.74

The results are expressed as mean + SEM (n=19). Means with superscripts * are

significantly different compare to the control yogurt (P<0.05).
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4.3 Part lll: The consumption of riceberry rice beverage with high-carbohydrate,
moderate-fat (HCMF) meal on postprandial glycemic response, antioxidant status,
lipidemic response, and inflammatory markers in overweight and obese subjects

Seventeen men were recruited for the study. One subject was excluded due to
not meeting the inclusion criteria. Three subjects withdrew during the study with the
reasons unrelated to the study. Therefore, the total number of participants in this
study was thirteen (Figure 31). Baseline characteristics of subjects are shown in Table

15.
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Assessed for eligibility (n = 17)

Excluded (n = 1)
- Not meeting inclusion criteria

Randomly assigned (n = 16)

Allocation

Control group Riceberry-rice group

Allocated to intervention (n = 8) Allocated to intervention (n = 8)

= Received allocated intervention (n=8) * Received allocated intervention (n=8)
o

Control group Riceberry-rice group

Allocated to intervention (n = 8) Allocated to intervention (n = 8)

= Received allocated intervention (n=7) = Received allocated intervention (n=6)

= Did not receive allocated intervention (n=1) = Did not receive allocated intervention (n=2)
Analysis .

— Analysis (n = 13)
* Excluded from analysis (n=3)

Figure 31 The CONSORT flow diagram



Table 15 Baseline characteristics of participants (n=13).

Mean + SEM

Age (years) 24.46+0.90
Height (cm) 173.00+0.01
Weight (Kg) 77.23+2.28
BMI (Kg/m?) 25.92+0.69
Fasting plasma glucose (mg/dL) 92.62+2.00
Total cholesterol (mg/dL 189.92+6.57
Serum triglyceride (mg/dL) 118.00+8.78
LDL-C (mg/dL) 122.54+6.54
HDL-C (mg/dL) 43.78+5.10
Creatinine (mg/dL) 0.88+0.03
BUN (mg/dL) 13.23+0.56

All values are mean + SEM, n=13

126
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4.3.1 Plasma glucose concentration

As presented in Figure 32A, consumption of high fat meal significantly increased
postprandial plasma glucose from the baseline level, with the peak concentration at
30 min. Then, it returned the baseline after 180 min of HCMF intake. riceberry rice
beverage suppressed HCMF meal induced increase in postprandial plasma glucose
concentration at 30, 60, 90, and 120 min. In addition, 60% reduction of iAUC for
postprandial plasma glucose was seen after consumption of HCMF meal with riceberry

rice beverage (Figure 32B).
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Figure 32 Postprandial plasma glucose responses to high carbohydrate-moderate fat
meal consumed with riceberry rice beverage. (A) Changes in plasma glucose
concentration during 180 min and (B) incremental area under the curves (iAUCs) of
plasma glucose. The baseline of plasma glucose level in the group administered a high
carbohydrate-moderate fat meal and a high carbohydrate-moderate fat meal plus 2 ¢
of the extract were 78.01+2.94 mg/dL and 82.09+2.10 mg/dL, respectively. Data are
presented as means+ SEM, n=13: * P< 0.05 compared with a high carbohydrate-

moderate fat meal.
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Figure 32 Incremental area under the curves (iAUCs) of plasma glucose. Data are

presented as means+ SEM, n=13: * P< 0.05 compared to the control.
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4.3.2 Plasma insulin concentration

Changes in postprandial plasma insulin response after ingestion of HCMF meal
are illustrated in Figure 33A. HCMF meal caused a rise in postprandial plasma insulin
after 15 min of intake. Comparing at individual time point, the subjects who consumed
HCMF meal together with riceberry rice beverage showed significantly lower level of
postprandial plasma insulin at 60 and 90 min, compared those in the control group.
Additionally, HCMF meal plus riceberry rice beverage was 2.38-fold lower insulin iAUC

than the control (Figure 33B).
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Figure 33 Postprandial plasma insulin responses to high carbohydrate-moderate fat
meal consumed with riceberry rice beverage. (A) Changes in plasma insulin
concentration during 180 min and (B) incremental area under the curves (iAUCs) of
plasma insulin. The baseline of plasma insulin level in the group administered a high
carbohydrate-moderate fat meal and a high carbohydrate-moderate fat meal plus 2 ¢
of the extract were 144.76+5.21 pmol/L and 151.47+7.25 pmol/L, respectively. Data
are presented as means+ SEM, n=13: * P< 0.05 compared with a high carbohydrate-

moderate fat meal.
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Figure 33 Incremental area under the curves (iAUCs) of plasma insulin. Values are

means + SEM, n=13: * P< 0.05 compared to the control.
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4.3.3 Plasma antioxidant status

[ Plasma FRAP

When compared to the baseline level, postprandial plasma FRAP was slightly
increased after ingestion of all tested meal (Figure 34A). Interestingly, HCMF meal with
riceberry rice beverage resulted in an increase postprandial plasma FRAP level at 120,
180, 240, and 360 min, as compared to the control. A 3.7-fold higher iAUC of
postprandial plasma FRAP was observed according to the consumption of HCMF meal

with riceberry rice beverage (Figure 34B)
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Figure 34 Postprandial plasma FRAP responses to high carbohydrate-moderate fat
meal consumed with riceberry rice beverage. ( A) Changes in plasma FRAP
concentration during 360 min and (B) incremental area under the curves (iAUCs) of
plasma FRAP. The baseline of plasma FRAP level in the group administered a high
carbohydrate-moderate fat meal and a high carbohydrate-moderate fat meal plus 2 ¢
of the extract were 0.13+0.02 mM FeSO4 and 0.12+0.02 mM FeSQy, respectively. Data
are presented as means+ SEM, n=13: * P< 0.05 compared with a high carbohydrate-

moderate fat meal.
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Figure 34 Incremental area under the curves (IAUCs) of plasma FRAP. Values are means

+ SEM, n=13: * P< 0.05 compared to the control.
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O plasma TEAC

HCMF did not alter postprandial plasma TEAC level throughout 360 min, whereas
riceberry rice beverage was able to increase postprandial plasma TEAC level when
consumption with HCMF (Figure 35A). In addition, the significant plasma TEAC level
was observed at 30, 90,240, and 300 min. Additionally, HCMF meals with riceberry rice
beverage produced 6.47-fold higher iAUC for plasma TEAC than the control group

(Figure 35B).
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Figure 35 Postprandial plasma TEAC responses to high carbohydrate-moderate fat
meal consumed with riceberry rice beverage. (A) Changes in plasma TEAC
concentration during 360 min and (B) incremental area under the curves (iAUCs) of
plasma TEAC. The baseline of plasma TEAC level in the group administered a high
carbohydrate-moderate fat meal and a high carbohydrate-moderate fat meal plus 2 ¢
of the extract were 1438. 74+43. 04 mM Trolox and 1616. 63+72. 38 mM Trolox,
respectively. Data are presented as means+ SEM, n=13: * P< 0.05 compared with a

high carbohydrate-moderate fat meal.
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Figure 35 Incremental area under the curves (iAUCs) of plasma TEAC. Values are means

+ SEM, n=13: * P< 0.05 compared to the control.
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O pPlasma Thiol

In comparison to the baseline level, a rise in postprandial plasma thiol was
markedly seen in the HCMF meal but not in the control (Figure 36A). Postprandial
plasma thiol of riceberry beverage intervention was found to be significantly higher at
60, 90, 180, 240, 300, and 360 min when compared to the control. The iAUC of
postprandial plasma thiol responses of riceberry beverage was lower than that of the

control (Figure 36B).
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Figure 36 Postprandial plasma thiol responses to high carbohydrate-moderate fat meal
consumed with riceberry rice beverage. (A) Changes in plasma thiol concentration
during 360 min and (B) incremental area under the curves (IAUCs) of plasma thiol. The
baseline of plasma thiol level in the group administered a high carbohydrate-moderate
fat meal and a high carbohydrate-moderate fat meal plus 2 g of the extract were
555.71+£36.33 pM L-cysteine and 510.73+37.43 uM L-cysteine, respectively. Data are
presented as means+ SEM, n=13: * P< 0.05 compared with a high carbohydrate-

moderate fat meal.
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Figure 36 Incremental area under the curves (IAUCs) of plasma thiol. Values are means

+ SEM, n=13: * P< 0.05 compared to the control.
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1 Lipid peroxidation

The results of postprandial plasma MDA concentration after consumption of all
tested meal are presented in Figure 37A. In comparison to the baseline level,
consumption of HCMF meal markedly increased the MDA level at 30 min, whereas
ingestion of HCMF meal together with riceberry rice beverage led to suppress
postprandial plasma MDA at 30-120 min. As shown in Figure 37B, there was significantly
lower in iAUC of plasma MDA in the subjects who consumed HCMF meal together with

riceberry rice beverage, as compared to the control.
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Figure 37 Postprandial plasma MDA responses to high carbohydrate-moderate fat meal
consumed with riceberry rice beverage. (A) Changes in plasma MDA concentration
during 360 min and (B) incremental area under the curves (IAUCs) of plasma MDA. The
baseline of plasma MDA level in the group administered a high carbohydrate-moderate
fat meal and a high carbohydrate-moderate fat meal plus 2 g of the extract were
0.97+0.19 pM MDA and 1.35+0.18 uM MDA, respectively. Data are presented as means+

SEM, n=13: * P< 0.05 compared with a high carbohydrate-moderate fat meal.
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Figure 37 Incremental area under the curves (IAUCs) of plasma MDA. Values are means

+ SEM, n=13: * P< 0.05 compared to the control.
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4.3.4 Serum triglyceride and free fatty acid

O serum Triglyceride

Ingestion of HCMF meal significantly increased serum triglyceride at 180 and 240
min (Figure 38A). The serum triglyceride level increased significantly after consumption
of HCMF meal Additionally, the iAUC for postprandial serum triglyceride after
consumption of HCMF meal with riceberry rice beverage was significantly lower than

that of the control group (Figure 38B).
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Figure 38 Postprandial serum triglyceride responses to high carbohydrate-moderate
fat meal consumed with riceberry rice beverage. (A) Changes in serum triglyceride
concentration during 360 min and (B) incremental area under the curves (iAUCs) of
serum triglyceride. The baseline of serum triglyceride level in the group administered
a high carbohydrate-moderate fat meal and a high carbohydrate-moderate fat meal
plus 2 g of the extract were 175.13+40.61 mg/dL and 169.49+32.13 mg/dL, respectively.
Data are presented as meanst SEM, n=13: * P< 0.05 compared with a high

carbohydrate-moderate fat meal.



147

03]

18000 -
16000 -
14000 -
12000 -
10000 -
8000 -
6000 -
4000 -

*

———

2000 +

Incremental AUC for serum triglyceride
(mg/dL*min)

Control Riceberry

Figure 38 Incremental area under the curves (iIAUCs) of serum triglyceride. Values are

means + SEM, n=13: * P< 0.05 compared to the control.
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[ serum free fatty acid (FFA)

The results of postprandial serum FFA after consumption of HCMF with and
without riceberry rice beverage are presented in Figure 39. When comparing with the
baseline level, the consumption of HCMF meal caused a significant rise in serum FFA,

whereas ingestion of HCMF with riceberry rice beverage could attenuate this level at

180 min (P-time = 0.001).
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Figure 39 Incremental postprandial serum free fatty acid responses to high
carbohydrate-moderate fat meal consumed with riceberry rice beverage during 360
min. The baseline of serum free fatty acid level in the group administered a high
carbohydrate-moderate fat meal and a high carbohydrate-moderate fat meal plus 2 ¢
of the extract were 401.38+36.06 umol/L and 400.61+31.06 pmol/L, respectively. Data
are presented as means+ SEM, n=13: * P< 0.05 compared with a high carbohydrate-

moderate fat meal.
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4.3.4  Serum inflammatory markers

O serum IL-1B

Ingestion of HCMF meal resulted in a sligsht decrease the level of serum II_—1B
(P-time=0.004). Interestingly, riceberry rice beverage demonstrated the effect on
decreased postprandial serum |L—1B at 180 and 360 min (P-treatment=0.024) in the

subjects who received HCMF meal (Figure 40).
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Figure 40 Incremental postprandial serum |L-1B responses to high carbohydrate-
moderate fat meal consumed with riceberry rice beverage during 360 min. The
baseline of serum II_—IB level in the group administered a high carbohydrate-moderate
fat meal and a high carbohydrate-moderate fat meal plus 2 g of the extract were
34.99+1.66 pg/mL and 36.59+1.31 pg/mL, respectively. Data are presented as means+

SEM, n=13: * P< 0.05 compared with a high carbohydrate-moderate fat meal.



152

0 serum IL-6

Postprandial serum IL-6 responses after consumption of tested meal are
illustrated in Figure 41. The intake of all testing meal did not postprandial serum IL-6
when compared to the baseline level (P-time=0.313). However, HCMF with riceberry
rice beverage showed a significantly lower serum IL-6 than the control at 180 and 360

min (P-treatment=0.000).
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Figure 41 Incremental postprandial serum IL-6 responses to high carbohydrate-
moderate fat meal consumed with riceberry rice beverage during 360 min. The baseline
of serum IL-6 level in the group administered a high carbohydrate-moderate fat meal
and a high carbohydrate-moderate fat meal plus 2 ¢ of the extract were 25.02+0.86
pg/mL and 26.83+0.89 pg/mL, respectively. Data are presented as means+ SEM, n=13:

* P< 0.05 compared with a high carbohydrate-moderate fat meal.
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[ serum TNF-aL

The results of postprandial serum TNF-QL after consumption of HCMF meal with
and without riceberry rice beverage are expressd in Figure 42. In comparison to the
baseline level, ingestion of HCMF meal altered the change in postprandial serum TNF-
QL at 180 and 360 min (P-time=0.008). Drinking riceberry rice beverage could suppress

postprandial serum TNF- QL at 360 min when consumed with HCMF meal ( P-

treatment=0.008).
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Figure 42 Incremental postprandial serum TNF-Ql responses to high carbohydrate-
moderate fat meal consumed with riceberry rice beverage during 360 min. The baseline
of serum TNF-QL level in the group administered a high carbohydrate-moderate fat
meal and a high carbohydrate- moderate fat meal plus 2 g of the extract were
53.07+£1.77 pg/mL and 56.27+1.78 pg/mL, respectively. Data are presented as means+

SEM, n=13: * P< 0.05 compared with a high carbohydrate-moderate fat meal.
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4.3.6. Subjective rating of hunger, fullness, desire to eat, and satiety

The results of subjective rating score of hunger, fullness, desire to eat, and satiety
are represented in Figure 43A-D. The rating scores of hunger, fullness, desire to eat,
and satiety were altered when consumption of HCMF meal and it returned the baseline
level after 360 min. However, there were no significant differences in the rating scores

of hunger, fullness, desire to eat, and satiety among tested meals.
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Figure 43 Changes in appetite , hunger (A), fullness (B), desire to eat (C), and satiety
(D) after the consumption of HCMF meal and HCMF meal with riceberry rice beverage.

Values are mean + SEM, n=13: * P< 0.05 compared to the control.
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Figure 43 Changes in fullness score after the consumption of HCMF meal and HCMF
meal with riceberry rice beverage. Values are mean + SEM, n=13: * P< 0.05 compared

to the control.
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Figure 43 Changes in desire to eat score after the consumption of HCMF meal and
HCMF meal with riceberry rice beverage. Values are mean + SEM, n=13: * P< 0.05

compared to the control.
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4.3.7. The maximum plasma concentration (C,,J and the peak plasma

concentration (T, )

As shown in Table 16, the C, of postprandial plasma glucose was lower in
HCMF with riceberry rice beverage. The peak of postprandial plasma glucose (T, of
HCMF meal with and without riceberry rice beverage at 31.15 min and 39.23 min,
respectively. However, there were no differences in Crx and T, of postprandial

plasma insulin, FRAP, TEAC, Thiol, MDA, and triglyceride.
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Table 16 The maximum plasma concentration ( C..) and the peak plasma
concentration (T, of postprandial plasma glucose, insulin, FRAP, TEAC, Thiol, MDA

and triglyceride after ingestion of HCMF meal with riceberry rice beverage.

Parameters HCMF meal HCMF with Riceberry
Glucose

Crmaxo.s¢0 (Mg/dL) 138.53 + 6.06 127.10 = 4.77
Traxg.ze0 (MIN) 39.23 + 3.99 3115 + 2.66
Insulin

CmaXg 360 (pmMol/L) 162.56 + 6.67 162. 10 + 7.56
Tmaxo.z60 (Min) 66.92 + 13.11 66.92 + 17.62
FRAP

CmaXg 360 (MM FeSOy) 0.23 + 0.04 0.33 + 0.04
TmaXg 360 (Min) 193.85 + 33.22 133.85 + 31.06
TEAC

Cmaxgse0 (Mg Trolox equivalent) 1,557.06 + 54.26 1,792.95 + 77.17
Trmaxgseo (MIN) 244.62 + 29.97 226.15 + 36.05
Thiol

CmaXg 3g0 (MM L-Cysteine) 610. 49 + 36.66 609.04 + 38.54
Trmaxgseo (MIN) 200.77 + 23.87 226.15 + 29.14
MDA

Craxg.sgo (UM MDA) 1.94 + 0.39 226.15 + 33.56
Traxgseo (MIN) 1.84 + 0.26 170.77 + 27.88
Triglyceride

Cmaxg 350 (Me/dL) 248.05 + 42.07 223.49 + 34.93
Trnaxg 3 (Min) 175.38 + 15.88 189.23 + 23.38

The results are expressed as mean + SEM (n = 13). Means with superscripts are

significantly different (P<0.05) compared to the control.
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CHAPTER V

DISCUSSION

5.1 Part I: Incorporation of anthocyanin-rich riceberry rice in yogurts: Effect on
physicochemical properties, antioxidant activity and in vitro gastrointestinal
digestion

Riceberry rice a group of polyphenols that recognizes as antioxidant especially
anthocyanin. The current findings are consistent with previous studies indicating that
C3G and P3G are the most abundant anthocyanins in riceberry rice (Arjinajarn et al.,
2017; Leardkamolkarn et al., 2011). However, RBE, in the present study, had lower
total phenolic compounds than other studies which may be due to the different
method and solvent used for extraction (Arjinajarn et al., 2017; Leardkamolkarn et al.,
2011).

Several studies found that fortification of yogurt with plant extract such as grape
extract, green tea and rheum ribe extract modified the acidification together with
reduction of starter culture activity and extension of the fermentation time (da Silva
et al,, 2017; Alwazeer, Bulut, & Tuncttrk, 2019). However, another report has shown
that addition of chia seed water extract or chia seed ethanol extract at 0.05 or 0.1%
significantly increased the fermentation rate in yogurt (Kwon, Bae, Seo, & Han, 2019).

In this study, no change in the fermentation time of yogurt supplemented with RBE



164

was observed, suggesting that RBE can be a most suitable for development of
functional yosgurt without increasing fermentation time.

The addition of RBE into yogurt had no effect on changes in pH and titratable
acidity when compared to the control yogurt. The similar results were also found in
other reports of yogurt supplemented with grape, green coffee powder and blueberry
flower pulp (da Silva et al., 2017; Dodnmez, Mogol, & Gokmen, 2017; Liu et al., 2019).
The level of titratable acidity of yosgurt supplemented with RBE also meets the
requirement criteria established by the Codex Alimentarius (2010), which defines that
the titratable acidity (expressas % lactic acid) of yogurt should not be less than 0.6
% .As for the syneresis, an important index for evaluating quality of set-type yosurt,
indicates a balance between attraction and repulsion forces within the casein network
and the rearrangement capacity of the network bond (Matumoto- Pintro, Rabiey,
Robitaille, & Britten, 2011) . Our findings are in agreement with other studies
demonstrating that the fortification of blueberry flower pulp into yogurt resulted in a
decrease in syneresis (Liu et al., 2019). A decrease in syneresis by RBE contributes to
increase the entrapment of water within the gel network, resulting in reduction of
serum release from yogurt (Dénmez et al,, 2017). This effect might be related to the
presence of polyphenols in RBE (Mahdian & Tehrani, 2007). It has been shown that
polyphenols have a high affinity for casein, leading to formation of soluble complexes,
which create in size and even form sediments. Its interaction promotes the weak

strength of the casein network (hydrophobic interaction) together with complementary
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formation of hydrogen bonding. This phenomenon stabilizes the complexes, leading
to maintaining water in the network and limitation of the serum release from the gel
network (Charlton et al., 2002; Oliveira, Alexandre, Coelho, Lopes, Almeida, & Pintado,
2015). This interaction of protein and polyphenol may be the reason for the
explanation of reduced syneresis of yogurt (Charlton et al., 2002; Oliveira et al., 2015).
Firmness, an important parameter to measure the quality of set yosurt, indicate force
necessary to attain a given deformation. In this study, the similar results of unchanged
firmness were also provided in the studies of incorporating green tea, moringa leave,
sacha inchi extracts into yogurt (Shokery, El- Ziney, Yossef, & Mashaly, 2017; Vanegas-
Azuero & Gutiérrez, 2018). However, inconsistent results of decreased firmness were
obtained when studying the effect of grape extract and zeaxanthin nanoparticle
addition on yogurt (da Silva et al., 2017; de Campo et al., 2019). It has been shown
that the increase in total solids by polyphenol-rich natural products influences the
strength of the three-dimensional network of milk protein (Lee & Lucey, 2010; Liu,
Zhang, Wang, Luo, Guo, & Ren, 2014, Vital, Goto, Hanai, Gomes-da-Costa, de Abreu
Filho, Nakamura, & Matumoto-Pintro, 2015).Pelaes Vital et al. suggest that interaction
of polyphenols and casein could be attributed to higher amount of water in the gel,
the increase softness of yogurt due to the decreased syneresis. Adhesivenesss is the
force necessary to remove the material that adheres to the mouth during eating. The
results demonstrated no significant change in adhesivenesss between the control and

yogurt supplemented with RBE. Moreover, the addition of RBE did not affect the
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number of viable lactobacilli count in yogurt, suggesting that RBE did not influence the
development of the starter microorganisms. Our results are in accordance with
previous studies indicating that fortified grape pomace and concentrated strawberry
pulp had no effect on the number of lactic acid bacteria when compared to the
control yogurt (Marchiani et al., 2016; Jaster et al., 2018). Furthermore, the lactic acid
bacteria count of yogurt with RBE are within the acceptable range (>10° cfu/g yogurt)
of Codex Alimentarius (2010). This observed range might play the potential to achieve
the beneficial effect on the human organism, including a balance of normal intestinal
microflora, protection against gastrointestinal pathogen, reduced risk of colon cancer
and intestinal inflammation, improvement of lactose intolerance and (Tripathi et al.,
2014; Jaster et al., 2018). In addition, previous studies indicate that addition of plant
extracts such as cinnamon, strawberry, and blueberry flower pulp could increase the
antioxidant activity of yogurt (Helal & Tagliazucchi, 2018; Jaster et al., 2018; Liu et al,,
2019). This antioxidant activity has been associated with the presence of polyphenols
(Jaster et al., 2018). Our reports found that C3G and P3G are the major bioactive
anthocyanin found in RBE. These compounds are recognized as a potent antioxidant,
especially antiradical and reducing capacities (Ryu, Han, Park, & Kim, 2000). Therefore,
the results of higher antioxidant activity of yosurt are mostly due to the presence of
polyphenol and anthocyanin constituent in RBE.

According to the results from In vitro gastrointestinal digestion, the findings

suggest that the increase in the release of TPC from yogurt at intestinal phase may be
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attributed to stirring or the intestinal enzymatic reaction ( Carbonell- Capella,
Buniowska, Esteve, & Frigola, 2015). The gradual decrease in the level of anthocyanins
in yosgurt from gastric to intestinal digestion, as was observed in this present study, is
in agreement with previous studies. Oliveira et al (2015) described that the transition
of strawberry enriched yogurt from the acidic gastric to mild alkaline intestinal
condition resulted in a decrease in the amount of anthocyanin content. A great decline
in the content of C3G and P3G in yosgurt occurring after the gastric digestion is related
to the chemical structure of anthocyanins. It has been shown that anthocyanins are
highly stable under an acidic or neutral environment and easily degraded at higher pH
of solution (Oliveira et al., 2015; Krga et al., 2019). Interestingly, the increase in FRAP
value may be attributed to the release of the antioxidant free amino acid and peptide
from the milk protein sequences (Rutella, Tagliazucchi, & Solieri, 2016; Pan, Liu, Luo,
& Luo, 2019). The addition of RBE into yogurt demonstrated higher FRAP value than
the control during gastric and intestinal digestion. Especially, a significant increase in
FRAP of yosurts supplemented with RBE was observed at 60 min when compared to
the beginning of intestinal digestion. This result may have occurred because of the
increase in release of polyphenolic compounds from yogurts by stirring or the
enzymatic activity during simulated gastrointestinal digestion ( Carbonell- Capella,
Buniowska, Esteve, & Frigola, 2015). This process may facilitate the breakdown of
molecules from the interaction of polyphenols with hydrophobic sites of proteins.

However, a considerable loss of anthocyanins (C3G and P3G) with concomitant increase
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in TPC of yogurt supplemented with RBE was obtained in this study. This suggests that
C3G and P3G in RBE may not play a role in the increased FRAP value during intestinal
digestion. Lafarga et al. (2019) supported that TPC positively correlated with the FRAP
value during in vitro intestinal digestion of food containing polyphenolic compounds.
In addition, other polyphenolic compounds were identified in riceberry rice including
protocatechuic acid, vanillic acid, p-coumaric acid, ferulic acid, and sinapic acid, rutin,
myricetin, and quercetin 3- glucuronide (Peanparkdee, Yamauchi, & lwamoto, 2017).
These compounds act as antioxidant which markedly exhibited the FRAP values. Thus,
the observed increase in FRAP value of yogurt supplemented with RBE during intestinal
digestion could be attributed to the release of other polyphenolic compounds.

As for the effect of RBE on sensory attributes of yogurt, our results are consistent
with previous studies that the scores of textural attributes were altered after addition
of polyphenol-rich grape pomace and olive leaf extract into yogurts (Soukoulis et al.,
2007; Marchiani et al., 2016; Tavakoli, Hosseini, Jafari, & Katouzian, 2018). The alteration
of sensory characteristics of food products by the polyphenolic compounds was partly
involved color, odor and astringency. Based on the data obtained in this study,
supplementation of RBE (0.125% and 0.25%) could be suitable for the development
of functional yosgurt because these concentrations improved antioxidant activity
without generating significant negative fermentation time, the number of LAB,
physiochemical and sensory properties. Therefore, yogurt supplemented with 0.125%

and 0.25% RBE was selected for a further experiment.
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During the refrigerated storage period, it is well documented in the literature that
the reduction of LAB in yosgurt during refrigerated storage resulted from many factors
such as food ingredient and additives, oxygen content and redox potential, moisture
content/ water activity, storage temperature, pH and titratable acidity, and packaging
aspects (Tripathi et al., 2014). Surprisingly, RBE did not improve the number of LAB in
yogurt during 7-21 days of refrigerated storage when compared to the control. The
obtained result is similar to other studies that addition of strawberry pulp into yogurts
could not improve the number of LAB during refrigerated storage (Jaster et al., 2018;
Tseng & Zhao, 2013). However, the number of LAB in yogurts supplemented with RBE
maintained above the recommended counting by Codex Alimentarius ( 2010) .
According to the results of syneresis, the similar results are obtained from the study of
Liu et al (2019), who report that blueberry flower pulp decreased syneresis of yogurt.
Although the reduced syneresis of yosurts supplemented with RBE was apparently
detected, but these values were within an acceptable range as compared to the
previous study (Aportela-Palacios, Sosa-Morales, & Vélez-Ruiz, 2005). If syneresis was
lower than 39% , indicating that yosurt had a desirable property of consumer
acceptability. Additionally, the TPC, C3G and P3G of yogurts supplemented with RBE
remained constant. However, RBE-supplemented yogurt exhibited significantly higher
TPC, C3G and P3G than the control. These findings were consisted with a report of
Trigueros et al (2014) who found no significant change in the concentration of

anthocyanin in yogurt fortified with pomegranate during refrigerated storage. The
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maintaining content of anthocyanins (C3G and P3G) is also supported by the color
analyses, where no reduction in the parameter of red color (a*) was seen at day 1, 7
and 14. Our study also found that the DPPH and FRAP values were increased, this
result is in agreement with previous studies that adding natural plant extracts increased
the DPPH and FRAP values of yogurt, whereas the decreased antioxidant activity of
yogurt was observed during the storage period of 14 days (Najeebauer-Lejko, Grega, &

Tabaszewska, 2014).
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5.2 Part II: Postprandial effect of yogurt enriched with anthocyanin from riceberry
rice on glycemic response and antioxidant capacity in healthy adults: A cross-
over randomized study

Yogurt has received considerable attention as a potential approach to reducing
the risks of weight gain, obesity, type 2 diabetes and cardiovascular diseases (Crichton
& Alkerwi, 2014; Possa, Corrente, & Fisberg, 2017). Especially, several studies have
reported the successful fortification of yogurt with bioactive compounds from edible
plants such as green tea, black tea, white tea (Muniandy, Shori, & Baba, 2016),
chamomile (Caleja et al., 2016), strawberry pulp (Jaster et al., 2018) and aronia juice
(Nguyen & Hwang, 2016). In our previous study, riceberry rice extract supplementation
to yogurt significantly increased total phenolic content (TPC), cyanidin-3-glucoside
(C3G), peonidin- 3- glucoside (P3G) with a concomitant increase in DPPH radical
scavenging activity and ferric reducing antioxidant power (FRAP). In addition, this yogurt
produced higher release of TP and FRAP than the control under gastrointestinal
digestion (Anuyahong, Chusak, & Adisakwattana, 2020). It is the first study to investigate
whether riceberry rice yogurt decreases postprandial glycemic response and improves
antioxidant capacity in healthy adults. A reduction in the postprandial glucose
excursion (40.23%), after consumption of riceberry rice yogurt, was observed in healthy
subjects. Cross-over studies have explored acute effects riceberry rice bread (50 g) on
postprandial glucose and insulin concentration in healthy volunteers (Chusak et al.,

2020). After riceberry rice bread intakes, the AUC was 60% lower in comparison to
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jasmine rice bread. Furthermore, riceberry rice bread significantly attenuated the
elevation of postprandial insulin concentration after 15 min consumption. The main
reason to explain these effects is the ability of phytochemical compounds on the
inhibition of carbohydrate digestive enzymes (Adisakwattana, Ruengsamran, et al.,
2012; Chusak et al., 2020, Torronen et al., 2010). A previous study reported that the
anthocyanin-rich extract of riceberry rice was capable in inhibiting intestinal O -
glucosidase such as maltase and sucrase (Poosri et al., 2019). Especially, the main
anthocyanin identified in riceberry rice extract, cyanidin-3-glucoside and peonidin-3-
glucoside, was proved to be effective pancreatic -amylase and Q - glucosidase
inhibitors (Akkarachiyasit et al., 2010; Poosri et al., 2019; Sui, Zhang, & Zhou, 2016).
Post- meal hyperglycemia and glycemic fluctuations induces excessive
production of reactive oxygen species (ROS). The excessive formation of ROS may be
a contributing factor for induction of pathological changes related to the development
of cardiovascular diseases (O’ Keefe & Bell, 2007). Interestingly, dietary antioxidants
help scavenge and neutralize excessive and inappropriate reactive oxygen species,
sequencing to balance against oxidant condition (Stephens, Khanolkar, & Bain, 2009).
Scientific evidence suggest that consumption of phytochemical-rich plants improves
plasma antioxidant capacity and reduces lipid peroxidation in humans (Einbond,
Reynertson, Luo, Basile, & Kennelly, 2004; Mertens-Talcott et al., 2008; Rizvi, Jha, &

Pandey, 2010). The different assays have been developed to measure plasma
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antioxidant capacity such as ORAC, TEAC and FRAP. The ORAC assay refers the ability
of antioxidant molecules to inhibit peroxyl radical induced oxidation (Cao, Alessio, &
Cutler, 1993), whereas the TEAC assay indicates the ability of hydrogen-donating
antioxidants to neutralize a radical cation in both lipophilic and hydrophilic
environments (Mira, Silva, Rocha, & Manso, 1999). Furthermore, FRAP assay could
reflect the ability of antioxidants to reduce the reaction of Fe**/Fe* couple. Compared
to fasting, the yogurt control significantly increased plasma antioxidant capacity (FRAP,
TEAC and ORAC). Remarkably, plasma FRAP, TEAC and ORAC was high by 163.69%,
162.52% and 291.18% after 180 min of riceberry rice yosurt, in comparison with the
yogurt control. In the support of this, yogurt supplemented with riceberry rice extract
(0.25%) produced 4.8-and 1.75-fold higher FRAP and total polyphenolic content than
the control yogurt, respectively (Anuyahong et al., 2020). The observed effect on
increased postprandial antioxidant capacity is consistent with a previous study of the
subjects following riceberry rice bread (Chusak et al., 2020).The plasma FRAP level
after riceberry rice bread consumption was greater than that of jasmine rice and wheat
bread. Another notable result from our study showed that consumption of control
yogurt led to an increase in plasma MDA above the baseline level. This alteration was
markedly attenuated by riceberry rice yogurt consumption. However, this pattern was
not seen in the subjects who consumed riceberry rice bread (Chusak et al., 2020). The
dissimilar outcomes of these studies might be due to the low amount of fat

composition in bread.
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Other clinical studies have also shown improvement in plasma antioxidant
capacity following consumption of anthocyanin-rich plants such as butterfly pea flower
(Chusak et al., 2018), chilean berry (Urquiaga et al., 2017), and acai berry (Mertens-
Talcott et al., 2008). It is suggested that the increased plasma antioxidant capacity may
be partly attributed to the antioxidant activity of polyphenols (Chusak et al., 2018). In
this context, cyanidin- 3- glucoside and peonidin- 3- glucoside, an active ingredient
identified in riceberry rice yosurt, are recognized as free radical scavenging activity.
Previous studies revealed that these compounds have antioxidant activity as measured
by FRAP, TEAC, and ORAC assays (Stintzing, Stintzing, Carle, Frei, & Wrolstad, 2002; Y.
Wang et al., 2016). In addition, cyanidin-3-glucoside and peonidin-3-glucoside had the
ability to reduce the formation of lipid peroxidation in UVB irradiation model and
vitamin E-depleted rat (Ramirez-Tortosa et al., 2001; Tsuda, Shiga, Ohshima, Kawakishi,
& Osawa, 1996). Interestingly, consumption of anthocyanin-rich strawberries and
chokeberries, mainly cyanidin- 3- gslucoside reduced human plasma MDA levels by
31.4% and 46% respectively (Alvarez-Suarez et al., 2014; Kardum et al., 2014). Through
these actions, we suggest that cyanidin- 3- glucoside and peonidin- 3- glucoside in
riceberry rice yogurt may play a role in an increase in plasma antioxidant capacity
leading to decrease in lipid peroxidation. However, other phytochemical compounds
may have influenced on postprandial antioxidant capacity. Therefore, the further study
is required to quantify the postprandial concentration of individual polyphenol after

riceberry yogurt consumption.
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Visual analog scales (VAS) are relievable tools for the evaluation of subjective
appetite sensation about hunger, fullness, desire to eat, and satiety (Mortensen et al,,
2018). In our study, the scores of all parameters did not show any significant differences
between riceberry rice yogurt and the control yogurt. This finding is in agreement with
the earlier study that bread made from riceberry rice did not alter subjective rating
scores of hunger, fullness, desire to eat, and satiety in healthy adults. In addition, the
change in postprandial level of glucagon-like peptide-1 (GLP-1), a type of incretin
hormone was not detected following consumption of riceberry rice bread (Chusak et
al., 2020). This hormone enhances glucose- stimulated insulin secretion, inhibits
glucagon secretion and gastric emptying and regulates appetite and satiety (Tsuda,
2015). It has been shown that anthocyanins stimulated the secretion of GLP-1 in Murine
GLUTag Cell Line (Kato, Tani, Terahara, & Tsuda, 2015). It has been hypothesized that
consumption of riceberry rice yogurt could not module satiety and appetite through
the stimulation of GLP-1, possibly as a result from a small amount of anthocyanin and
its bioavailability. We acknowledge some potential limitations to the current study.
First, we did not introduce a full meal to consume with riceberry yogurt. Other macro-
and micronutrients may interfere the postprandial effect of riceberry rice yogurt on
plasma glucose and antioxidant capacity. Moreover, this study was only a relatively
young and healthy population, older age subjects were not included to increase the

homogeneity of postprandial response.
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5.3 Part lll: The consumption of riceberry rice beverage with high-carbohydrate,
moderate- fat meal on postprandial glycemic response, antioxidant status,
lipidemic response and inflammatory markers in overweight and obese subjects.

High carbohydrate diets rich in saturated fat promote postprandial
dysmetabolism by the impairment of postprandial blood glucose, free fatty acids, and
triglycerides (O’ Keefe & Bell, 2007). Postprandial hyperglycemia accompanied by
excessive hyperlipidemia has been reported to significantly increase the risk of
development and progression of metabolic disorders such as metabolic syndrome,
diabetes mellitus, hypertension, and cardiovascular diseases, consequently induced
the formation of endothelial dysfunction, oxidative stress, and inflammation (D. Bell,
O'Keefe, & Jellinger, 2008; Antonio Ceriello, 2005). Moreover, long-term intake of high
carbohydrate meals also induce abnormal insulin secretion, resulting in
hyperinsulinemia (Ludwig, 2002). The present study found that riceberry rice beverage
significantly decreased postprandial plasma glucose and insulin response in overweight
to obese subjects following high carbohydrate moderate fat ( HCMF) meal. In
agreement with other studies, anthocyanins- rich plants together with high
carbohydrate meal could suppress postprandial glucose meal in the human study. For
example, Castro-Acosta et al. (2016) revealed that a drink containing low sugar and
anthocyanin-rich blackcurrant extract reduced postprandial glycemia response in the
subjects after consumption of a high carbohydrate meal (Castro-Acosta et al., 2016). In

overweight adults, a recent study was carried out by Edirisinghe et al. who found that
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postprandial plasma insulin response was reduced after consumption of HCMF with
strawberry anthocyanin beverage (Edirisinghe et al., 2011). Furthermore, the bilberry
extract exhibited a reduction in postprandial plasma glucose concentration after OGTT

challenge in overweight subjects. This effect was probably due to the ability of

anthocyanin-enriched bilberry extract to reduce the activity of Ol-amylase activity, OL-
glucosidase (Alnajjar et al., 2020).

As a result of high content of bioactive compounds, riceberry rice is an interesting
source of incorporating polyphenols and anthocyanins, especially cyanidin-3-glucoside
and peonidin-3-glucoside. The main hypothesis to explain the reduced postprandial
glucose and insulin response by riceberry beverage action is the inhibition of the
digestive tract carbohydrate- hydrolyzing enzymes, including O- amylase and Q-
glucosidase (Poosri et al., 2019). Several studies reported that cyanidin-3-glucoside and
peonidin- 3- glucoside are capable of interfering with maltase and sucrase
(Akkarachiyasit et al., 2010; Nile & Park, 2014).

There are increasing evidence demonstrating that the postprandial oxidative
stress is related to the formation of reactive oxygen species ( ROS) which is a
contributing factor to development of non-communicable chronic diseases (NCDs)
( Burton- Freeman, 2010). The postprandial oxidative stress response after meal
consumption depends on various factors including the chemical nature of

macronutrient intake, the unsaturation degree of dietary fatty acids, the amount of
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lipids intake, phytonutrient quantity, among others (Bloomer, Kabir, Marshall, Canale,
& Farney, 2010; Khor et al., 2014). It has been documented that plasma oxidative stress
could arise as readily from the hydroperoxides associated with an intake of high fat
and carbohydrate diets. This leads to a reduction in postprandial antioxidant capacity,
thiol level as well as an increase in the end products of lipid peroxidation (MDA).
Consumption of diets rich in bioactive compounds produced greater potential to
modulate cellular reductive-oxidative (redox) balance and even promoted plasma
antioxidant capacity (Burton-Freeman, 2010). Interestingly, Burton-Freeman et al.
suggested that ingestion of flavonoid-rich strawberry beverage significantly decreased
postprandial insulin and triglyceride concentration with a concomitant reduction in
oxidative stress in overweight adults (Burton-Freeman, Linares, Hyson, & Kappagoda,
2010). A study of Mazza et al. described that freeze-dried blueberry powder along with
high fat meal increased serum antioxidant capacity in the appearance of serum total
anthocyanins in male subjects (Mazza, Kay, Cottrell, & Holub, 2002). Besides, an
increase in plasma thiol after consumption of beverage increased protein thiol, a
physiological mechanism of endogenous antioxidant response (Chusak et al., 2018).
The oxidation of protein can be relieved by a non-enzymatic reaction with sulfhydryl
groups as found in cysteine and glutathione (Urquiaga et al., 2017). In healthy male
volunteers, consumption of anthocyanin-rich berry beverage had significantly effect on
increasing postprandial antioxidant capacity with decreasing oxidation of lipid and

protein, indicating by lowering plasma MDA and protein carbonyls (Urquiaga et al.,
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2017). The current study found that consumption of riceberry rice beverage increased
plasma FRAP, TEAC, thiol level and decreased plasma MDA level in subjects after
consumption of HCMF, suggesting that riceberry rice beverage could improve
postprandial antioxidant status. The current study is consistent with a previous study
that consumption of bread made from 100% riceberry rice had higher postprandial
level of plasma FRAP, TEAC and thiol than that of wheat and rice bread (Chusak et al.,
2020). It is most likely due to the presence of anthocyanins in riceberry rice extract
responsible for antioxidant effect. Anthocyanins may act as a free radical scavenger by
donating the hydrogen atoms, transferring electrons to free radicals or removing the
molecular species of active oxygen generated from lipid peroxidation (Naseri et al.,
2018). In addition, anthocyanins may help protect the thiol group depletion of
endogenous antioxidant enzymes. This suggests that this effect anthocyanins
contribute increase in plasma total antioxidant potential after consumption of
antioxidant-plant based food (Serafini et al., 2002).

Moreover, consumption of dietary fat is absorbed into lymphatic circulation and
then entered to the liver when they are hydrolyzed by hepatic triglyceride lipase. A
previous report suggested that intake of fat-containing meal significantly elevated
plasma triglyceride and free fatty acid concentrations (Tamburrelli et al., 2012). The
elevation of triglyceride and FFAs induces lipid peroxidation which may produce cell
injury and low- grade inflammatory responses to injury that indirectly promote

oxidation in target tissues such as skeletal muscle, the liver, and adipocytes that may
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contribute to insulin resistance, obesity, metabolic syndrome, and cardiovascular

diseases (Boden, 2008). During inflammatory state, pro-inflammatory cytokines are
secreted from the mature adipocytes such as tumor necrosis factor- Ol (TNF-QU),
interleukin-6 (IL-6), interleukin-1 beta (IL—1B), adiponectin and leptin etc. (Teng, Chang,

Chang, & Nesaretnam, 2014). TNF-QL is the first cytokine to be defined as a common

influencer associated with obesity, inflammation, diabetes, and cardiovascular diseases

(Divella, De Luca, Abbate, Naglieri, & Daniele, 2016). Besides, IL—1B and IL-6 involve in
the inflammatory process, cell proliferation, differentiation and apoptosis (Lagathu et
al., 2006). Normally, IL-6 is responsible for the acute phase response in the liver and
further promotes the progression of acute to chronic inflammation by activating
monocyte recruitment (Gabay, 2006). In postprandial lipidemic response, consumption
of the meal containing moderate to high fat produced the peak of triglyceride level at
3-4 h which returned to baseline at 6-8 h (Nakamura, Miyoshi, Yunoki, & Ito, 2016). In
the present study consistent with another trial in overweight and obese subjects who
consumed high fat meal, the peak triglyceride level was also detected at 3 h in the
present study (Beals et al.,, 2019). In addition, postprandial FFAs and pro-inflammatory
cytokines including TNF-QL, IL- 1B and IL-6 responses was increased after HCMF meal
challenge around 6 h when compared to the baseline level. Several reports have
shown that consumption of a large lipid content caused an increase in postprandial

pro-inflammatory cytokines in healthy, overweight, and obesity (Demmer et al., 2016;
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Masson & Mensink, 2011; Poppitt et al., 2008). A study of Demmer et al. demonstrated

that levels of plasma TNF-OL and IL-6 were increased from baseline and peaked at 6

h in response to high fat meal in overweight and obese adults (Demmer et al., 2016).

An increase in cytokines IL-6, IL-1 and TNF-QU has been linked to inflammatory
degenerative diseases (Divella et al., 2016). It is proposed that increase in cytokines
may involve in 1) reduction and block of capillaries lipoprotein lipase synthesis; 2)
blocking of insulin receptors of adipocytes; 3) activation of lipoprotein lipase sensitive
hormone in adipocytes; 4) induction of endothelial inflammation; 5) reduction in
insulin signaling; 6) promotion in pro-atherosclerotic effect; 7) stimulation of the
oxidation of fatty acids and gluconeogenesis; and 8) inhibition of adiponectin secretion
(Divella et al., 2016).

Recently, anthocyanins had the ability to reduce intestinal absorption of dietary
fat by inhibiting the activity of pancreatic lipase (Fabroni et al., 2016; Sergent,
Vanderstraeten, Winand, Beguin, & Schneider, 2012). The present study found that
consumption of riceberry rice beverage with HCMF meal results in a reduction of
postprandial plasma triglyceride and free fatty acids. These results are in agreement
with a study of Polley et al. that consumption of tart cherry rich in anthocyanins
decreased postprandial triglyceride levels in men following a high fat meal (Polley,
Oswell, Pegg, & Cooper, 2019). The current study suggests that the reduction of

postprandial plasma triglyceride and free fatty acids is due to the effect of riceberry
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rice on inhibition of pancreatic lipase, binding bile acid disrupting cholesterol micelle
formation (Poosri et al., 2019). Previous research has also shown that anthocyanins in
riceberry rice extract such as C3G and P3G act this manner (Yao, Xu, Zhang, & Lu, 2013).
It is possible that suppression of postprandial lipid response leads to the reduction of
postprandial pro-inflammatory cytokine release. A study performed with twenty-three

adults demonstrated a reduction in postprandial free fatty acids with concomitant

decrease in the level of cytokines including IL—1B and IL-6 following a moderately high

fat meal with blueberry yogurt (Ono-Moore et al., 2016). In this study, the levels of IL-

1[3, IL-6, and TNF-OL were significantly suppressed after consumption of riceberry rice
beverage with HCMF meal. These findings are similar to other reports of anthocyanin

intervention. For example, acute supplementation of raspberry significantly lowered

postprandial biomarkers of inflammation including IL-6 and TNF- QL in adult with type
2 diabetes (Schell, Betts, Lyons, & Basu, 2019). A previous study in overweight subjects
given a high-carbohydrate and moderate-fat meal supplemented with freeze-dried
strawberry beverage resulted a reduction in the levels of IL-6 and hs-CRP over the 6 h
postprandial period (Edirisinghe et al., 2011). In a study with rats fed a fructose-rich
diet, ingestion of chokeberry extract significantly reduced gene expression of
inflammatory cytokines including IL—1B, IL-6, and TNF-OL (Qin & Anderson, 2012).
Visual analogue scales (VAS) are usually applied in clinical study to record

subjective sensations such as hunger, fullness and desire to eat (Sepple & Read, 1989).
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In regard to the present study, no differences in subjective ratings of hunger, fullness,
desire to eat, and satiety were observed between riceberry rice beverage with HCMF
meal and the control. These results was similar to a study of Chusak et al., who
suggested that consumption of bread made from 100% riceberry rice did not show
any difference in hunger, fullness, desire to eat, and satiety (Chusak et al., 2020).

The current study presents several limitations that needed to be discussed. For
example, the study was the lack of data on dietary fat record during the study that
may result in the different effect on appetite and energy metabolism (Flint, Helt,
Raben, Toubro, & Astrup, 2003). Second, there was the lack of plasma individual
anthocyanin and their metabolites after intake of riceberry rice beverage. This may

help evaluate its correlation with plasma antioxidant capacity.
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CHAPTER VI

CONCLUSION

The results from this study indicated that the addition of riceberry rice extract
(RBE) to yosurt decreased the syneresis of yogurt and increased the content of
polyphenol, anthocyanins and antioxidant activity without the effect of viable
lactobacilli. According to the results of this study, during refricerated storage
antioxidant activity decreased, and TPC and anthocyanins were constant. Also,
anthocyanin content decreased at the end of the simulated gastrointestinal conditions.
In addition to this, antioxidant activity measured by FRAP test showed fluctuation
during gastrointestinal digestion. The findings suggest that RBE at 0.125% and 0.25%
(w/w) can be used as a natural source to improve the content of phytochemical
compounds and antioxidant activity of yogurt without a significant sacrifice of sensory
acceptability.

In healthy volunteers, consumption of yogurt enriched with 0.25% RBE led to a
reduction of postprandial plasma glucose and a lower glucose peak was observed at
30 min after ingestion. Moreover, consumption of riceberry rice yogurt improved
postprandial increased plasma FRAP, TEAC, ORAC, thiol level. In addition, the
postprandial plasma MDA level was reduced in healthy subjects which received
riceberry rice yogurt. Furthermore, consumption of riceberry rice yogurt had similar

rating scores of hunger, fullness, desire to eat, and satiety as compared to control.
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Interestingly, consumption of riceberry rice beverage (0.5 % w/v) with HCMF
meal significantly decreased postprandial plasma glucose and insulin concentration in
overweight and obese subjects. Moreover, ingestion of riceberry rice beverage
increased postprandial antioxidant capacity including plasma FRAP, TEAC, and thiol
level. In addition, consumption of HCMF meal together with riceberry rice beverage
led to suppress postprandial plasma MDA at 30-120 min. Finally, ingestion of HCMF
with riceberry rice beverage could attenuate postprandial serum triglyceride and FFA
and improves postprandial inflammatory cytokine include IL—IB, IL-6, and TNF-QL.
However, there were no significant differences in the rating scores of hunger, fullness,
desire to eat, and satiety among tested meals. Futures studies are needed to
determine the effect of riceberry rice yogurt and beverage consumption with the meal
on postprandial response in diabetic patients and hyperlipidemic subjects.

In conclusion, our findings suggest that the riceberry rice extract can be offered as
a promising natural ingredient for development of novel yosurt and functional drink in
order to reduce glycemic response and inflammatory cytokine as well as improve

plasma antioxidant capacity in humans.



REFERENCES

Adisakwattana, S., Intrawangso, J., Hemrid, A., Chanathong, B., & Makynen, K. (2012).
Extracts of edible plants inhibit pancreatic lipase, cholesterol esterase and
cholesterol micellization, and bind bile acids. Food Technology and
Biotechnology, 50(1), 11.

Adisakwattana, S., Jiphimai, P., Prutanopajai, P., Chanathong, B., Sapwarobol, S., &
Ariyapitipan, T. (2010). Evaluation of Q- glucosidase, O-amylase and protein
glycation inhibitory activities of edible plants. International Journal of Food
Sciences and Nutrition, 61(3), 295-305.

Adisakwattana, S., Ruengsamran, T., Kampa, P., & Sompong, W. (2012). In vitro inhibitory
effects of plant-based foods and their combinations on intestinal Q- glucosidase
and pancreatic Q-amylase. BMC complementary and alternative medicine, 12(1),
110.

Ahmad, R. S., Butt, M. S., Huma, N., & Sultan, M. T. (2013). Green tea catechins based
functional drink (Green cool) improves the antioxidant status of SD rats fed on
high cholesterol and sucrose diets. Pak. J. Pharm. Sci, 26(4), 721-726.

Akalin, A., Unal, G., Dinkci, N., & Hayaloglu, A. (2012). Microstructural, textural, and sensory
characteristics of probiotic yogurts fortified with sodium calcium caseinate or

whey protein concentrate. Journal of Dairy Science, 95(7), 3617-3628.



187

Akkarachiyasit, S., Charoenlertkul, P., Yibchok-anun, S., & Adisakwattana, S. (2010).
Inhibitory activities of cyanidin and its glycosides and synergistic effect with
acarbose against intestinal Ql-glucosidase and pancreatic Ol-amylase. International
Jjournal of molecular sciences, 11(9), 3387-3396.

Alberti, K. G. M., Zimmet, P., & Shaw, J. (2005). The metabolic syndrome—a new worldwide
definition. The Lancet, 366(9491), 1059-1062.

Alnajjar, M., Barik, S. K., Bestwick, C., Campbell, F., Cruickshank, M., Farquharson, F., . . .
Moar, K.-M. (2020). Anthocyanin-enriched bilberry extract attenuates glycaemic
response in overweight volunteers without changes in insulin. Journal of
functional foods, 64, 103597.

Alvarez-Suarez, J. M., Giampieri, F., Tulipani, S., Casoli, T., Di Stefano, G., Gonzalez-Paramas,
A. M., . . . Cordero, M. D. (2014). One-month strawberry-rich anthocyanin
supplementation ameliorates cardiovascular risk, oxidative stress markers and
platelet activation in humans. The Journal of nutritional biochemistry, 25(3), 289-
294.

Alwan, A. (2011). Global status report on noncommunicable diseases 2010: World Health
Organization.

Alwazeer, D., Bulut, M., & Tuncturk, Y. (2020). Fortification of milk with plant extracts
modifies the acidification and reducing capacities of yoshurt bacteria.

International Journal of Dairy Technology, 73(1), 117-125.



188

Annuzzi, G., Bozzetto, L., Costabile, G., Giacco, R., Mangione, A,, Anniballi, G, . .. Corte, G.
D. (2014). Diets naturally rich in polyphenols improve fasting and postprandial
dyslipidemia and reduce oxidative stress: a randomized controlled trial. The
American journal of clinical nutrition, 99(3), 463-471.

Anuyahong, T., Chusak, C., & Adisakwattana, S. (2020). Incorporation of anthocyanin-rich
riceberry rice in yogurts: Effect on physicochemical properties, antioxidant activity
and in vitro gastrointestinal digestion. LWT, 109571.

Arjinajarn, P., Chueakula, N., Pongchaidecha, A., Jaikumkao, K., Chatsudthipong, V.,
Mahatheeranont, S., . . . Lungkaphin, A. (2017). Anthocyanin-rich Riceberry bran
extract attenuates gentamicin- induced hepatotoxicity by reducing oxidative
stress, inflammation and apoptosis in rats. Biomedicine & pharmacotherapy, 92,
412-420.

Aryana, K. J., & Olson, D. W. (2017). A 100-Year Review: Yogurt and other cultured dairy
products. Journal of Dairy Science, 100(12), 9987-10013.

Btkowska-Barczak, A. (2005). Acylated anthocyanins as stable, natural food colorants-a
review. Polish journal of food and nutrition sciences, 14, 55.

Barik, S. K., Russell, W. R., Moar, K. M., Cruickshank, M., Scobbie, L., Duncan, G., & Hoggard,
N. (2020) . The anthocyanins in black currants regulate postprandial

hyperglycaemia primarily by inhibiting Q- glucosidase while other phenolics



189

modulate salivary Ql-amylase, glucose uptake and sugar transporters. The Journal
of nutritional biochemistry, 78, 108325.

Basu, A, Nguyen, A, Betts, N. M., & Lyons, T. J. (2014). Strawberry as a functional food: an
evidence-based review. Critical Reviews in Food Science and Nutrition, 54(6), 790-
806.

Beals, E., Kamita, S., Sacchi, R,, Demmer, E., Rivera, N., Rogers-Soeder, T, ... Hammock, B.
(2019). Addition of milk fat globule membrane-enriched supplement to a high-fat
meal attenuates insulin secretion and induction of soluble epoxide hydrolase
gene expression in the postprandial state in overweight and obese subjects.
Journal of nutritional science, 8.

Bell, D., O'Keefe, J., & Jellinger, P. (2008). Postprandial dysmetabolism: the missing link
between diabetes and cardiovascular events? Endocrine Practice, 14(1), 112-124.

Bell, L., Lamport, D. J,, Butler, L. T., & Williams, C. M. (2017). A study of glycaemic effects
following acute anthocyanin-rich blueberry supplementation in healthy young
adults. Food & Function, 8(9), 3104-3110.

Bloomer, R. J., Kabir, M. M., Marshall, K. E., Canale, R. E., & Farney, T. M. (2010). Postprandial
oxidative stress in response to dextrose and lipid meals of differing size. Lipids in

health and disease, 9(1), 79.



190

Boath, A. S., Grussu, D., Stewart, D., & McDougall, G. J. (2012). Berry polyphenols inhibit
digestive enzymes: a source of potential health benefits? Food Digestion, 3(1-3),
1-7.

Boden, G. (2008). Obesity and free fatty acids. Endocrinology and metabolism clinics of
North America, 37(3), 635-646.

Boix-Castejon, M., Herranz-Lopez, M., Gago, A. P., Olivares-Vicente, M., Caturla, N., Roche,
E., & Micol, V. (2018). Hibiscus and lemon verbena polyphenols modulate
appetite-related biomarkers in overweight subjects: A randomized controlled trial.
Food & Function, 9(6), 3173-3184.

Brown, L., Poudyal, H., & Panchal, S. K. (2015). Functional foods as potential therapeutic
options for metabolic syndrome. Obesity reviews, 16(11), 914-941.

Burton-Freeman, B. (2010). Postprandial metabolic events and fruit-derived phenolics: a
review of the science. British Journal of Nutrition, 104(S3), S1-S14.

Burton-Freeman, B., Linares, A., Hyson, D., & Kappagoda, T. (2010). Strawberry modulates
LDL oxidation and postprandial lipemia in response to high-fat meal in overweight
hyperlipidemic men and women. Journal of the American College of Nutrition,
29(1), 46-54.

Caleja, C,, Barros, L., Antonio, A. L., Carocho, M., Oliveira, M. B. P., & Ferreira, . C. (2016).
Fortification of yogurts with different antioxidant preservatives: A comparative

study between natural and synthetic additives. Food Chemistry, 210, 262-268.



191

Cao, G, Alessio, H. M., & Cutler, R. G. (1993). Oxygen-radical absorbance capacity assay for
antioxidants. Free radical biology and medicine, 14(3), 303-311.

Carreiro, A. L., & Buhman, K. K (2019). Absorption of Dietary Fat and Its Metabolism in
Enterocytes. In The Molecular Nutrition of Fats (pp. 33-48): Elsevier.

Castro-Acosta, M. L., Smith, L., Miller, R. J., McCarthy, D. I., Farrimond, J. A., & Hall, W. L.
(2016) . Drinks containing anthocyanin- rich blackcurrant extract decrease
postprandial blood glucose, insulin and incretin concentrations. The Journal of
nutritional biochemistry, 38, 154-161.

Ceriello, A. (2005). Postprandial hyperglycemia and diabetes complications: is it time to
treat? Diabetes, 54(1), 1-7.

Ceriello, A., Falleti, E., Motz, E., Taboga, C., Tonutti, L., Ezsol, Z., . . . Bartoli, E. (1998).
Hyperglycemia- induced circulating ICAM- 1 increase in diabetes mellitus: the
possible role of oxidative stress. Hormone and Metabolic Research, 30(03), 146-
149.

Chandan, R. C., & O’Rell, K. (2013). 11 Principles of yogurt processing. Manufacturing
yogurt and fermented milks, 239.

Chiva-Blanch, G., & Badimon, L. (2017). Effects of polyphenol intake on metabolic
syndrome: current evidences from human trials. Oxidative medicine and cellular

longevity, 2017.



192

Chusak, C., Pasukamonset, P., Chantarasinlapin, P., & Adisakwattana, S. (2020). Postprandial
Glycemia, Insulinemia, and Antioxidant Status in Healthy Subjects after Ingestion
of Bread made from Anthocyanin-Rich Riceberry Rice. Nutrients, 12(3), 782.

Chusak, C., Thilavech, T., Henry, C. J., & Adisakwattana, S. (2018). Acute effect of Clitoria
ternatea flower beverage on glycemic response and antioxidant capacity in
healthy subjects: a randomized crossover trial. BMC complementary and
alternative medicine, 18(1), 1-11.

Coelho, R. C. L. A, Hermsdorff, H. H. M., & Bressan, J. (2013). Anti-inflamsmatory properties
of orange juice: possible favorable molecular and metabolic effects. Plant foods
for human nutrition, 68(1), 1-10.

Commission, C. A. (2003). Codex standard for fermented milks. Alimentarius Commission.
No. CODEX Stan, 243-2003.

Crichton, G. E., & Alkerwi, A. a. (2014). Dairy food intake is positively associated with
cardiovascular health: findings from Observation of Cardiovascular Risk Factors in
Luxembourg study. Nutrition research, 34(12), 1036-1044.

Da Silva, D. F., Junior, N. N. T., Gomes, R. G., dos Santos Pozza, M. S., Britten, M., &
Matumoto-Pintro, P. T. (2017). Physical, microbiological and rheological properties
of probiotic yogurt supplemented with grape extract. Journal of food science and

technology, 54(6), 1608-1615.



193

Daiponmak, W., Senakun, C., & Siriamornpun, S. (2014). Antiglycation capacity and
antioxidant activities of different pigmented Thai rice. International journal of
food science & technology, 49(8), 1805-1810.

Dashty, M. (2013). A quick look at biochemistry: carbohydrate metabolism. Clinical
biochemistry, 46(15), 1339-1352.

de la Garza, A. L., Milagro, F. I., Boque, N., Campion, J., & Martinez, J. A. (2011). Natural
inhibitors of pancreatic lipase as new players in obesity treatment. Planta medica,
77(08), 773-785.

Demmer, E., Van Loan, M. D., Rivera, N., Rogers, T. S., Gertz, E. R., German, J. B., . . .
Smilowitz, J. T. (2016). Consumption of a high-fat meal containing cheese
compared with a vegan alternative lowers postprandial C-reactive protein in
overweight and obese individuals with metabolic abnormalities: a randomised
controlled cross-over study. Journal of nutritional science, 5.

Devaraj, S., Jialal, I., Rockwood, J., & Zak, D. (2011). Effect of orange juice and beverage
with phytosterols on cytokines and PAI-1 activity. Clinical Nutrition, 30(5), 668-671.

Ding, M., Feng, R,, Wang, S. Y., Bowman, L., Lu, Y., Qian, Y., . . . Shi, X. (2006). Cyanidin-3-
glucoside, a natural product derived from blackberry, exhibits chemopreventive

and chemotherapeutic activity. Journal of Biological Chemistry, 281(25), 17359-

17368.



194

Divella, R, De Luca, R., Abbate, I., Naglieri, E., & Daniele, A. (2016). Obesity and cancer: the
role of adipose tissue and adipo-cytokines-induced chronic inflammation. Journal
of Cancer, 7(15), 2346.

Douglas, S. M., Ortinau, L. C., Hoertel, H. A,, & Leidy, H. J. (2013). Low, moderate, or high
protein yosgurt snacks on appetite control and subsequent eating in healthy
women. Appetite, 60, 117-122.

Dulloo, A, Seydoux, J., Girardier, L., Chantre, P., & Vandermander, J. (2000). Green tea and
thermogenesis:  interactions between catechin- polyphenols, caffeine and
sympathetic activity. International Journal of Obesity, 24(2), 252-258.

Duymus, H. G., Goger, F., & Baser, K. H. C. (2014). In vitro antioxidant properties and
anthocyanin compositions of elderberry extracts. Food Chemistry, 155, 112-119.

Edirisinghe, I., Banaszewski, K., Cappozzo, J., Sandhya, K., Ellis, C. L., Tadapaneni, R, . . .
Burton-Freeman, B. M. (2011). Strawberry anthocyanin and its association with
postprandial inflammation and insulin. British Journal of Nutrition, 106(6), 913-
922.

Einbond, L. S., Reynertson, K. A., Luo, X.-D., Basile, M. J., & Kennelly, E. J. (2004).
Anthocyanin antioxidants from edible fruits. Food chemistry, 84(1), 23-28.

Engwa, G. A. (2018). Free radicals and the role of plant phytochemicals as antioxidants
against oxidative stress-related diseases. Phytochemicals: Source of Antioxidants

and Role in Disease Prevention. BoD-Books on Demand, 49-74.



195

Fabroni, S., Ballistreri, G., Amenta, M., Romeo, F. V., & Rapisarda, P. (2016). Screening of
the anthocyanin profile and in vitro pancreatic lipase inhibition by anthocyanin-
containing extracts of fruits, vegetables, legumes and cereals. Journal of the
Science of Food and Agriculture, 96(14), 4713-4723.

FAIRCHILD, T. J., ARMSTRONG, A. A., RAQ, A., LIU, H., LAWRENCE, S., & FOURNIER, P. A.
(2003). Glycogen synthesis in muscle fibers during active recovery from intense
exercise. Medicine & Science in Sports & Exercise, 35(4), 595-602.

Fernandez, M. A., Panahi, S., Daniel, N., Tremblay, A., & Marette, A. (2017). Yogurt and
cardiometabolic diseases: a critical review of potential mechanisms. Advances in
Nutrition, 8(6), 812-829.

Flint, A., Helt, B, Raben, A, Toubro, S., & Astrup, A. (2003). Effects of different dietary fat
types on postprandial appetite and energy expenditure. Obesity research, 11(12),
1449-1455.

Gabay, C. (2006). Interleukin-6 and chronic inflammation. Arthritis research & therapy, 8(2),
S3.

Gahruie, H. H., Eskandari, M. H., Mesbahi, G., & Hanifpour, M. A. (2015). Scientific and
technical aspects of yogurt fortification: A review. Food Science and Human
Wellness, 4(1), 1-8.

Garza, A. L. d. |, Etxeberria, U., Lostao, M. a. P., San Roman, B. n., Barrenetxe, J., Martinez,

J. A, & Milagro, F. n. I. (2013). Helichrysum and Grapefruit Extracts Inhibit



196

Carbohydrate Digestion and Absorption, Improving Postprandial Glucose Levels
and Hyperinsulinemia in Rats. Journal of Agricultural and Food Chemistry.
Granato, D., Barba, F. J., Kovacevi¢, D. B., Lorenzo, J. M., Cruz, A. G., & Putnik, P. (2020).
Functional Foods: Product Development, Technological Trends, Efficacy Testing,

and Safety. Annual review of food science and technology, 11.

Gregersen, S., Samocha-Bonet, D., Heilbronn, L., & Campbell, L. (2012). Inflammatory and
oxidative stress responses to high-carbohydrate and high-fat meals in healthy
humans. Journal of nutrition and metabolism, 2012.

Han, L., Kimura, Y., Kawashima, M., Takaku, T., Taniyama, T., Hayashi, T., . . . Okuda, H.
(2001). Anti-obesity effects in rodents of dietary teasaponin, a lipase inhibitor.
International Journal of Obesity, 25(10), 1459-1464.

He, J., & Giusti, M. M. (2010). Anthocyanins: natural colorants with health-promoting
properties. Annual review of food science and technology, 1, 163-187.

Heidrich, J. E., Contos, L. M., Hunsaker, L. A., Deck, L. M., & Vander Jagt, D. L. (2004).
Inhibition of pancreatic cholesterol esterase reduces cholesterol absorption in
the hamster. BMC pharmacology, 4(1), 5.

Howlett, J. (2008). Functional foods: from science to health and claims: ILSI Europe.

Hristova, K., Pella, D., Singh, R. B., Dimitrov, B. D., Chaves, H., Juneja, L., . . . Rastogi, S. S.

(2014). Sofia declaration for prevention of cardiovascular diseases and type 2



197

diabetes mellitus: a scientific statement of the International College of Cardiology
and International College of Nutrition. World Heart Journal, 6(2), 89.

Hughes, L. A, Arts, I. C., Ambergen, T., Brants, H. A, Dagnelie, P. C., Goldbohm, R. A, . ..
Weijenberg, M. P. (2008). Higher dietary flavone, flavonol, and catechin intakes are
associated with less of an increase in BMI over time in women: a longitudinal
analysis from the Netherlands Cohort Study. The American journal of clinical
nutrition, 88(5), 1341-1352.

Jaster, H., Arend, G. D., Rezzadori, K,, Chaves, V. C, Reginatto, F. H., & Petrus, J. C. C. (2018).
Enhancement of antioxidant activity and physicochemical properties of yosurt
enriched with concentrated strawberry pulp obtained by block freeze
concentration. Food Research International, 104, 119-125.

Kardum, N., Taki¢, M., Savikin, K., Zec, M., Zduni¢, G., Spasi¢, S., & Konic¢-Risti¢, A. (2014).
Effects of polyphenol-rich chokeberry juice on cellular antioxidant enzymes and
membrane lipid status in healthy women. Journal of functional foods, 9, 89-97.

Karlsen, A, Paur, |, Bghn, S. K, Sakhi, A. K, Borge, G. I, Serafini, M., . .. Blomhoff, R. (2010).
Bilberry juice modulates plasma concentration of NF-KB related inflammatory
markers in subjects at increased risk of CVD. European journal of nutrition, 49(6),
345-355.

Karlsen, A., Retterstal, L., Laake, P., Paur, I., Kjglsrud-Bghn, S., Sandvik, L., & Blomhoff, R.

(2007). Anthocyanins inhibit nuclear factor-K B activation in monocytes and



198

reduce plasma concentrations of pro-inflammatory mediators in healthy adults.
The Journal of nutrition, 137(8), 1951-1954.

Kato, M., Tani, T,, Terahara, N., & Tsuda, T. (2015). The anthocyanin delphinidin 3-rutinoside
stimulates glucagon-like peptide-1 secretion in murine GLUTag cell line via the
Ca2+/calmodulin-dependent kinase Il pathway. PLoS One, 10(5).

Kay, C. D., & Holub, B. J. (2002). The effect of wild blueberry (Vaccinium angustifolium)
consumption on postprandial serum antioxidant status in human subjects. British
Journal of Nutrition, 88(4), 389-397.

Khoo, H. E., Azlan, A,, Tang, S. T, &Lim, S. M. (2017). Anthocyanidins and anthocyanins:
colored pigments as food, pharmaceutical ingredients, and the potential health
benefits. Food & nutrition research, 61(1), 1361779.

Khor, A., Grant, R, Tung, C., Guest, J., Pope, B., Morris, M., & Bilgin, A. (2014). Postprandial
oxidative stress is increased after a phytonutrient-poor food but not after a
kilojoule-matched phytonutrient-rich food. Nutrition research, 34(5), 391-400.

Kongkachuichai, R., Prangthip, P., Surasiang, R., Posuwan, J., Charoensiri, R., Kettawan, A.,
& Vanavichit, A. (2013). Effect of Riceberry oil (deep purple oil; Oryza sativa Indica)
supplementation on hyperglycemia and change in lipid profile in Streptozotocin
(STZ)-induced diabetic rats fed a high fat diet. International food research journal,

20(2).



199

Krea, 1., & Milenkovic, D. (2019). Anthocyanins: from sources and bioavailability to
cardiovascular- health benefits and molecular mechanisms of action. Journal of
Agricultural and Food Chemistry, 67(7), 1771-1783.

Kusunoki, M., Sato, D., Tsutsumi, K., Tsutsui, H., Nakamura, T., & Oshida, Y. (2015). Black
soybean extract improves lipid profiles in fenofibrate-treated type 2 diabetics with
postprandial hyperlipidemia. Journal of medicinal food, 18(6), 615-618.

Lacroix, S., Des Rosiers, C., Tardif, J.-C., & Nigam, A. (2012). The role of oxidative stress in
postprandial endothelial dysfunction. Nutrition research reviews, 25(2), 288-301.

Lagathu, C,, Yvan-Charvet, L., Bastard, J.-P., Maachi, M., Quignard-Boulange, A., Capeau, J.,
& Caron, M. (2006). Long-term treatment with interleukin—lB induces insulin
resistance in murine and human adipocytes. Diabetologia, 49(9), 2162-2173.

Leardkamolkarn, V., Thongthep, W., Suttiarporn, P., Kongkachuichai, R., Wongpornchai, S.,
& Wanavijitr, A. (2011). Chemopreventive properties of the bran extracted from a
newly-developed Thai rice: The Riceberry. Food Chemistry, 125(3), 978-985.

Leifert, W. R., & Abeywardena, M. Y. (2007). Bioactives for cholesterol lowering: targeting
of cholesterol absorption pathways. Expert opinion on drug discovery, 2(5), 597-
602.

Li, W., Chen, S., Zhou, G., Li, H., Zhong, L., & Liu, S. (2018). Potential role of cyanidin 3-
glucoside (C3Q) in diabetic cardiomyopathy in diabetic rats: an in vivo approach.

Saudi journal of biological sciences, 25(3), 500-506.



200

Liu, C., Feng, X., Li, Q., Wang, Y., Li, Q., & Hua, M. (2016). Adiponectin, TNF-Q and
inflamlnmatory cytokines and risk of type 2 diabetes: A systematic review and meta-
analysis. Cytokine, 86, 100-109.

Liu, D., & Lv, X. X. (2019). Effect of blueberry flower pulp on sensory, physicochemical
properties, lactic acid bacteria, and antioxidant activity of set-type yogurt during
refrigeration. Journal of Food Processing and Preservation, 43(1), e13856.

Lobo, V., Patil, A., Phatak, A., & Chandra, N. (2010). Free radicals, antioxidants and
functional foods: Impact on human health. Pharmacognosy reviews, 4(8), 118.

Ludwig, D. S. (2002). The glycemic index: physiological mechanisms relating to obesity,
diabetes, and cardiovascular disease. Jama, 287(18), 2414-2423.

Lupton, J. R, Brooks, J., Butte, N., Caballero, B., Flatt, J., & Fried, S. (2002). Dietary reference
intakes for energy, carbohydrate, fiber, fat, fatty acids, cholesterol, protein, and
amino acids. National Academy Press: Washington, DC, USA, 5, 589-768.

Lyall, KA., Hurst, S. M., Cooney, J., Jensen, D., Lo, K., Hurst, R. D., & Stevenson, L. M.
(2009). Short-term blackcurrant extract consumption modulates exercise-induced
oxidative stress and lipopolysaccharide- stimulated inflammatory responses.
American Journal of Physiology- Regulatory, Integrative and Comparative
Physiology, 297(1), R70-R81.

Marchiani, R., Bertolino, M., Belviso, S., Giordano, M., Ghirardello, D., Torri, L., . . . Zeppa,

G. (2016). Yosgurt enrichment with grape pomace: effect of grape cultivar on



201

physicochemical, microbiological and sensory properties. Journal of Food Quality,
39(2), 77-89.

Masson, C. J., & Mensink, R. P. (2011). Exchanging saturated fatty acids for (n-6)
polyunsaturated fatty acids in a mixed meal may decrease postprandial lipemia
and markers of inflammation and endothelial activity in overweight men. The
Journal of nutrition, 141(5), 816-821.

Mazza, G., Kay, C. D., Cottrell, T., & Holub, B. J. (2002). Absorption of anthocyanins from
blueberries and serum antioxidant status in human subjects. Journal of
agricultural and food chemistry, 50(26), T731-7737.

McDougall, G. J., Shpiro, F., Dobson, P., Smith, P., Blake, A., & Stewart, D. (2005). Different
polyphenolic components of soft fruits inhibit Q-amylase and Q- glucosidase.
Journal of Agricultural and Food Chemistry, 53(7), 2760-2766.

Mertens-Talcott, S. U., Rios, J.,, Jilma-Stohlawetz, P., Pacheco-Palencia, L. A., Meibohm, B,
Talcott, S. T., & Derendorf, H. (2008). Pharmacokinetics of anthocyanins and
antioxidant effects after the consumption of anthocyanin-rich acai juice and pulp
(Euterpe oleracea Mart.) in human healthy volunteers. Journal of agricultural and
food chemistry, 56(17), 7796-7802.

Miguel, M. G. (2011). Anthocyanins: Antioxidant and/or anti-inflammatory activities. Journal

of Applied Pharmaceutical Science, 1(6), 7-15.



202

Mira, L., Silva, M., Rocha, R., & Manso, C. (1999). Measurement of relative antioxidant
activityof compounds: a methodological note. Redox report, 4(1-2), 69-74.
Mirmiran, P., Bahadoran, Z., & Azizi, F. (2014). Functional foods-based diet as a novel
dietary approach for management of type 2 diabetes and its complications: A

review. World journal of diabetes, 5(3), 267.

Morata, A., Lopez, C., Tesfaye, W., Gonzalez, C., & Escott, C. (2019). Anthocyanins as
natural pigments in beverages. In Value-Added Ingredients and Enrichments of
Beverages (pp. 383-428): Elsevier.

Mortensen, M. W., Spagner, C., Cuparencu, C., Astrup, A., Raben, A., & Dragsted, L. O.
(2018). Sea buckthorn decreases and delays insulin response and improves
glycaemic profile following a sucrose- containing berry meal: a randomised,
controlled, crossover study of Danish sea buckthorn and strawberries in
overweight and obese male subjects. European journal of nutrition, 57(8), 2827-
2837.

Muniandy, P., Shori, A. B., & Baba, A. S. (2016). Influence of green, white and black tea
addition on the antioxidant activity of probiotic yogurt during refrigerated storage.
Food Packaging and Shelf Life, 8, 1-8.

Myers-Payne, S. C,, Hui, D. Y., Brockman, H. L., & Schroeder, F. (1995). Cholesterol esterase:

a cholesterol transfer protein. Biochemistry, 34(12), 3942-3947.



203

Nakamura, K., Miyoshi, T., Yunoki, K., & Ito, H. (2016). Postprandial hyperlipidemia as a
potential residual risk factor. Journal of cardiology, 67(4), 335-339.

Nalsén, C., Basu, S., Wolk, A., & Vessby, B. (2006). The importance of dietary antioxidants
on plasma antioxidant capacity and lipid peroxidation in vivo in middle-aged men.
Scandinavian Journal of Food and Nutrition, 50(2), 64-70.

Naseri, R., Farzaei, F., Haratipour, P., Nabavi, S. F., Habtemariam, S., Farzaei, M. H., . . .
Momtaz, S. (2018). Anthocyanins in the management of metabolic syndrome: A
pharmacological and biopharmaceutical review. Frontiers in pharmacology, 9,
1310.

Neacsu, M., Fyfe, C.,, Horgan, G., & Johnstone, A. M. (2014). Appetite control and biomarkers
of satiety with vegetarian (soy) and meat-based high-protein diets for weight loss
in obese men: a randomized crossover trial. The American journal of clinical
nutrition, 100(2), 548-558.

Nguyen, L., & Hwang, E.-S. (2016). Quality characteristics and antioxidant activity of yogurt
supplemented with aronia (Aronia melanocarpa) juice. Preventive nutrition and

food science, 21(4), 330.

Nile, S. H., & Park, S. W. (2014). Antioxidant, Ol-glucosidase and xanthine oxidase inhibitory

activity of bioactive compounds from maize (Zea mays L.). Chemical biology &

drug design, 83(1), 119-125.



204

O’ Keefe, J. H., & Bell, D. S. (2007). Postprandial hyperglycemia/ hyperlipidemia
(postprandial dysmetabolism)is a cardiovascular risk factor. The American journal
of cardiology, 100(5), 899-904.

Oh,N. S., Lee, J. Y., Joung, J. Y., Kim, K. S., Shin, Y. K, Lee, K-W., . . . Kim, Y. (2016).
Microbiological characterization and functionality of set-type yosgurt fermented
with potential prebiotic substrates Cudrania tricuspidata and Morus alba L. leaf
extracts. Journal of Dairy Science, 99(8), 6014-6025.

Ono-Moore, K. D., Snodgrass, R. G., Huang, S., Singh, S., Freytag, T. L., Burnett, D. J., . ..
Peerson, J. M. (2016). Postprandial inflammatory responses and free fatty acids in
plasma of adults who consumed a moderately high-fat breakfast with and without
blueberry powder in a randomized placebo- controlled trial. The Journal of
nutrition, 146(7), 1411-1419.

Oszmiaﬁski, J., & Lachowicz, S. (2016). Effect of the production of dried fruits and juice
from chokeberry (Aronia melanocarpa L.) on the content and antioxidative activity
of bioactive compounds. Molecules, 21(8), 1098.

Ozen, A. E., Pons, A., & Tur, J. A. (2012). Worldwide consumption of functional foods: a
systematic review. Nutrition Reviews, 70(8), 472-481.

Ozturk, H. I, Aydin, S., Sézeri, D., Demirci, T., Sert, D., & Akin, N. (2018). Fortification of set-
type yoghurts with Elaeagnus angustifolia L. flours: Effects on physicochemical,

textural, and microstructural characteristics. LWT, 90, 620-626.



205

Pan, L.-H., Liu, F., Luo, S.-Z., & Luo, J.-p. (2019). Pomegranate juice powder as sugar
replacer enhanced quality and function of set yogurts: Structure, rheological
property, antioxidant activity and in vitro bioaccessibility. LWT, 115, 108479.

Panahi, S., & Tremblay, A. (2016). The potential role of yogurt in weight management and
prevention of type 2 diabetes. Journal of the American College of Nutrition, 35(8),
717-731.

Pantidos, N., Boath, A., Lund, V., Conner, S., & McDousall, G. J. (2014). Phenolic-rich
extracts from the edible seaweed, ascophyllum nodosum, inhibit Ot-amylase and
Ol-glucosidase: Potential anti-hyperglycemic effects. Journal of Functional Foods,
10, 201-209.

Pojer, E., Mattivi, F., Johnson, D., & Stockley, C. S. (2013). The case for anthocyanin
consumption to promote human health: a review. Comprehensive Reviews in
Food Science and Food Safety, 12(5), 483-508.

Polley, K. R, Oswell, N. J,, Pegg, R. B., & Cooper, J. A. (2019). Tart cherry consumption with
or without prior exercise increases antioxidant capacity and decreases triglyceride
levels following a high-fat meal. Applied Physiology, Nutrition, and Metabolism,
44(11), 1209-1218.

Poosri, S., Thilavech, T., Pasukamonset, P., Suparpprom, C., & Adisakwattana, S. (2019).

Studies on Riceberry rice (Oryza sativa L.) extract on the key steps related to



206

carbohydrate and lipid digestion and absorption: A new source of natural
bioactive substances. NFS Journal, 17, 17-23.

Poppitt, S. D., Keogh, G. F,, Lithander, F. E.,, Wang, Y., Mulvey, T. B,, Chan, YK, ... Cooper,
G. J. (2008). Postprandial response of adiponectin, interleukin-6, tumor necrosis
factor- @, and C-reactive protein to a high-fat dietary load. Nutrition, 24(4), 322-
329.

Possa, G., Corrente, J. E., & Fisberg, M. (2017). Yogurt consumption is associated with a
better lifestyle in Brazilian population. BMC Nutrition, 3(1), 29.

Prangthip, P., Surasiang, R., Charoensiri, R., Leardkamolkarn, V., Komindr, S., Yamborisut,
U., ... Kongkachuichai, R. (2013). Amelioration of hyperglycemia, hyperlipidemia,
oxidative stress and inflammation in steptozotocin-induced diabetic rats fed a
high fat diet by riceberry supplement. Journal of Functional Foods, 5(1), 195-203.

Prior, R. L., Gu, L., Wu, X., Jacob, R. A., Sotoudeh, G., Kader, A. A., & Cook, R. A. (2007).
Plasma antioxidant capacity changes following a meal as a measure of the ability
of a food to alter in vivo antioxidant status. Journal of the American College of
Nutrition, 26(2), 170-181.

Qin, B., & Anderson, R. A. (2012). An extract of chokeberry attenuates weight gain and
modulates insulin, adipogenic and inflammatory signalling pathways in
epididymal adipose tissue of rats fed a fructose-rich diet. British Journal of

Nutrition, 108(4), 581-587.



207

Ramirez-Tortosa, C., Andersen, @. M., Gardner, P. T., Morrice, P. C., Wood, S. G., Duthie, S.
J.,. .. Duthie, G. G. (2001). Anthocyanin-rich extract decreases indices of lipid
peroxidation and DNA damasge in vitamin E-depleted rats. Free radical biology
and medicine, 31(9), 1033-1037.

Rizvi, S. I., Jha, R., & Pandey, K. B. (2010). Activation of erythrocyte plasma membrane
redox system provides a useful method to evaluate antioxidant potential of plant
polyphenols. In Advanced Protocols in Oxidative Stress Il (pp. 341-348): Springer.

Rogers, P. J., Carlyle, J.-A,, Hill, A. J., & Blundell, J. E. (1988). Uncoupling sweet taste and
calories: comparison of the effects of glucose and three intense sweeteners on
hunger and food intake. Physiology & Behavior, 43(5), 547-552.

Sari¢, A., Soboc¢anec, S., Balog, T., Kusi¢, B., Sverko, V., Dragovi¢-Uzelac, V., . . . Marotti, T.
(2009). Improved antioxidant and anti-inflammatory potential in mice consuming
sour cherry juice (Prunus Cerasus cv. Maraska). Plant foods for human nutrition,
64(4), 231.

Scalbert, A., Manach, C., Morand, C., Rémésy, C., & Jiménez, L. (2005). Dietary polyphenols
and the prevention of diseases. Critical Reviews in Food Science and Nutrition,
45(4), 287-306.

Schell, J., Betts, N. M., Lyons, T. J., & Basu, A. (2019). Raspberries improve postprandial
glucose and acute and chronic inflammation in adults with type 2 diabetes.

Annals of Nutrition and Metabolism, 74(2), 165-174.



208

Sepple, C, & Read, N. (1989). Gastrointestinal correlates of the development of hunger in
man. Appetite, 13(3), 183-191.

Serafini, M., Bugianesi, R., Salucci, M., Azzini, E., Raguzzini, A., & Maiani, G. (2002). Effect of
acute ingestion of fresh and stored lettuce (Lactuca sativa) on plasma total
antioxidant capacity and antioxidant levels in human subjects. British Journal of
Nutrition, 88(6), 615-623.

Sergent, T., Vanderstraeten, J., Winand, J., Beguin, P., & Schneider, Y.-J. (2012). Phenolic
compounds and plant extracts as potential natural anti-obesity substances. Food
chemistry, 135(1), 68-73.

Shahidi, F. (2009). Nutraceuticals and functional foods: whole versus processed foods.
Trends in Food Science & Technology, 20(9), 376-387.

Siro, ., Kapolna, E., Kapolna, B., & Lugasi, A. (2008). Functional food. Product development,
marketing and consumer acceptance—A review. Appetite, 51(3), 456-467.
Somintara, S., Leardkamolkarn, V., Suttiarporn, P., & Mahatheeranont, S. (2016). Anti-tumor
and immune enhancing activities of rice bran gramisterol on acute myelogenous

leukemia. PLoS One, 11(1).

Sgrensen, L. B., Mgller, P., Flint, A., Martens, M., & Raben, A. (2003). Effect of sensory

perception of foods on appetite and food intake: a review of studies on humans.

International Journal of Obesity, 27(10), 1152-1166.



209

Stephens, J. W., Khanolkar, M. P., & Bain, S. C. (2009). The biological relevance and
measurement of plasma markers of oxidative stress in diabetes and
cardiovascular disease. Atherosclerosis, 202(2), 321-329.

Stintzing, F. C., Stintzing, A. S., Carle, R., Frei, B., & Wrolstad, R. E. (2002). Color and
antioxidant properties of cyanidin- based anthocyanin pigments. Journal of
agricultural and food chemistry, 50(21), 6172-6181.

Sui, X,, Zhang, Y., & Zhou, W. (2016). In vitro and in silico studies of the inhibition activity
of anthocyanins against porcine pancreatic Ql-amylase. Journal of functional
foods, 21, 50-57.

Suttireung, P., Winuprasith, T., Srichamnong, W., Paemuang, W., Phonyiam, T., &
Trachootham, D. (2019). Riceberry rice puddings: rice- based low glycemic
dysphagia diets. Asia Pacific journal of clinical nutrition, 28(3), 467.

Takikawa, M., Inoue, S., Horio, F., & Tsuda, T. (2010). Dietary anthocyanin-rich bilberry
extract ameliorates hyperglycemia and insulin sensitivity via activation of AMP-
activated protein kinase in diabetic mice. The Journal of nutrition, 140(3), 527-
533.

Tamburrelli, C., Gianfagna, F., D’Imperio, M., De Curtis, A., Rotilio, D., lacoviello, L., . . .
Cerletti, C. (2012). Postprandial cell inflammatory response to a standardised fatty
meal in subjects at different degree of cardiovascular risk. Thrombosis and

haemostasis, 107(03), 530-537.



210

Tamime, A. Y., & Robinson, R. K (1999). Yoghurt: science and technology: Woodhead
Publishing.

Teng, K.-T., Chang, C.-Y., Chang, L. F., & Nesaretnam, K. (2014). Modulation of obesity-
induced inflammation by dietary fats: mechanisms and clinical evidence. Nutrition
Journal, 13(1), 12.

Thiranusornkij, L., Thamnarathip, P., Chandrachai, A., Kuakpetoon, D., & Adisakwattana, S.
(2019). Comparative studies on physicochemical properties, starch hydrolysis,
predicted glycemic index of Hom Mali rice and Riceberry rice flour and their
applications in bread. Food Chemistry, 283, 224-231.

Tian, L., Tan, Y., Chen, G., Wang, G., Sun, J., Ou, S., . . . Bai, W. (2019). Metabolism of
anthocyanins and consequent effects on the gut microbiota. Critical Reviews in
Food Science and Nutrition, 59(6), 982-991.

Torrénen, R., Sarkkinen, E., Tapola, N., Hautaniemi, E., Kilpi, K., & Niskanen, L. (2010).
Berries modify the postprandial plasma glucose response to sucrose in healthy
subjects. British Journal of Nutrition, 103(8), 1094-1097.

Trigueros, L., Wojdyto, A, & Sendra, E. (2014). Antioxidant activity and protein-polyphenol
interactions in a pomegranate (Punica granatum L.) yosurt. Journal of Agricultural
and Food Chemistry, 62(27), 6417-6425.

Tripathi, M. K, & Giri, S. K. (2014). Probiotic functional foods: Survival of probiotics during

processing and storage. Journal of Functional Foods, 9, 225-241.



211

Tsuda, T. (2015). Possible abilities of dietary factors to prevent and treat diabetes via the
stimulation of glucagon-like peptide-1 secretion. Molecular nutrition & food
research, 59(7), 1264-1273.

Tsuda, T., Shiga, K., Ohshima, K., Kawakishi, S., & Osawa, T. (1996). Inhibition of lipid
peroxidation and the active oxygen radical scavenging effect of anthocyanin
pigments isolated from Phaseolus vulgaris L. Biochemical pharmacology, 52(7),
1033-1039.

Urquiaga, I., Avila, F., Echeverria, G., Perez, D., Trejo, S., & Leighton, F. (2017). A Chilean
berry concentrate protects against postprandial oxidative stress and increases
plasma antioxidant activity in healthy humans. Oxidative medicine and cellular
longevity, 2017.

Vicentini, A., Liberatore, L., & Mastrocola, D. (2016). FUNCTIONAL FOODS: TRENDS AND
DEVELOPMENT OF THE GLOBAL MARKET. /talian Journal of Food Science, 28(2).

Wali, J. A., Raubenheimer, D., Senior, A. M., Le Couteur, D. G., & Simpson, S. J. (2020).
CARDIO-METABOLIC CONSEQUENCES OF DIETARY CARBOHYDRATES: RECONCILING
CONTRADICTIONS USING NUTRITIONAL GEOMETRY. Cardiovascular Research.

Wallace, T. C,, & Giusti, M. M. (2015). Anthocyanins. Advances in Nutrition, 6(5), 620-622.

Wang, Y., Zhu, J., Meng, X, Liu, S., Mu, J., & Ning, C. (2016). Comparison of polyphenol,
anthocyanin and antioxidant capacity in four varieties of Lonicera caerulea berry

extracts. Food chemistry, 197, 522-529.



212

Wang, Z., Clifford, M. N., & Sharp, P. (2008). Analysis of chlorogenic acids in beverages
prepared from Chinese health foods and investigation, in vitro, of effects on
glucose absorption in cultured Caco-2 cells. Food Chemistry, 108(1), 369-373.

Yao, S. L., Xu, Y., Zhang, Y. Y., & Lu, Y. H. (2013). Black rice and anthocyanins induce
inhibition of cholesterol absorption in vitro. Food Funct, 4(11), 1602- 1608.
doi:10.1039/c3f060196]

Zhang, J., Xiao, J., Giampieri, F., Forbes-Hernandez, T. Y., Gasparrini, M., Afrin, S., ... Zheng,
X. (2019). Inhibitory effects of anthocyanins on Ql-glucosidase activity. Journal of

Berry Research, 9(1), 109-123.



APPENDIX

"0J43U0D 3y} 03 patedulod (G0'0>d) JUDIDHIP JUBDIUSIS Dl (530942
JuswiIeal} :g-y) Aep aules ayj Je s19139) asediaddn JusIayIp YIM SUBSIN (G0 0>d ) JUDIDHIP JUBDIHUSIS D18 JUdWIeal]

SWles 9yl e (S109419 saWlll (p-e) SI9119) 95DI9MO) JUaUSIP YUM SUeS|N ‘6T=U ‘WIS F ueaw se Umwcwmw‘_ﬁ_ ole ele(

o0C'LYF82'G¢C | /09'8¢F8915¢C qyP0'0F9T°0 qwG0'0FCT°0 - - 081
qgCLl6EF19°CLC | 5quC86DF691ET qy0'0F12°0 qwG0°0F¢T0 - - 0ST
qg9L'GEFCVCEC | oP1'GUFIS 00T 2qgG0'0F.2°0 qve00F¢T0 egGV TFG6°C- ey 9 1F0L°C 0c1
qg0C '8P+ L0E | yl8'LeFCTOVT 2g90°0F.2°0 qve0'0F4T0 ey89 1F8T°¢- e85 1F8T°0 06
qyP6'LEFBG6CC | poye0PSFEOTEC 5990 0Fv¢°0 qy?0°0F12°0 eyG0'CFY9°0- ey 18 1FV5°0 09
qeS T OVFI6VSC | squb G ee+9T LT 2qyG0°0FLC°0 qy?0°0F0C°0 qeC9CFeVCT wC6' 172981 0¢
- - - - qy8L TF65°8 wGC TF4E°6 q1
ey00°0F00°0 ey00°0F00°0 ey 00°0F00°0 ey 00°0F00°0 ey00'0F00°0 ey00'0F00°0 0
1NS0A 1NS0A 1NS0A
1NSOA A1I9gadly | MNSOA (0J3u0D) SIETe ERllY 1UNSOA 10J3u0D) SIETeEBIIY 10J3U0D
(Utw)
(xO104L WW) D¥3L ("OS4 WW) dvd4 (Ip/8W) 8505M9 swi|

"(VAW) SpAyspielpuoiew pue 901y} ‘(Dvg0) Aloeded souequiosge jedipes UssAxo ‘{(Dy3L) Aydeded juepixoue

JUS1eAINDS X01013 ‘(dd4) ewise)d Jo Alnige supnpal dulsy ‘9s00M)s ewseyd jeipueldisod ul ssueyd \elusWSIOU| Y 9)ge L



214

1043U0d a9y O} _UWLMQCCOU (G0°0>d) 1ua1Ip

JUBDIJIUSIS DJB (510944 JusUUeal) ig-y) Aep Wes oy} je si9113) asedladdn Juslayip Yim SUes (G0°0>d) JUDI944Ip JUBDIIUSIS

2Je JUDWILaJ} SIS BU} 1 (S}OD4D DWW} :D-B) SID911D) 9SeIISMO) JUDISHIP YM SUBSIA 6T =U ‘NIS F Uesw se pajuasald ale ejeq

qegC0'0F¢0°0 »80°0F0¢0 qwa1'8F65°LY qye6'8F6V Ve qeyt 1 TUF61°60T1 e OV’ GEFLUTT 0871
qv80°0F5T°0 2qy90°0F12°0 qv0P T1+GC99 qyPC LFee 0 2qy0L 0eFD L 81T ey89°LUFP0'99 0T
qey?0°0F90°0 2qyG0°0FLT°0 qg95°¢TF9v°99 qwe89F1C°L¢ 2g6S TLF90°5VC ey81°9¢FC1'19 0ct
qege0'0Fv0°0 90°0¥82°0 qgCe 0T+81°¢9 qvl18Fer’ee 2qglC'GeF88LIC | &, 59 1CFE606 06
qege0'0Fv0°0 2qyP0°0F81°0 qw8E LFev' I w01 9F.¢'1¢ 2qge6'8CF£8°991 eyC0'SEFDIU'E 09
qey¢0'0¥50°0 qey¢0'0F20°0 qgPC'8F01°99 qv05 vFe6°0¢ 2qgC8CUFGS 691 ey 1 C'6CF80°LG 0¢

- - - - - - a1
ey00°0F00°0 ey00'0F00°0 ey00'0F00°0 ey00'0F00°0 ey00°0700°0 ey00°0700°0 0

1NSOA A119gadly | MNSOA 013U0D 1NSOA A11agadly 1INSOA 10JU0D PNSOA AlI9gadly | MNSOA (0J3u0D)
(vaw wr) vaw (UIRISAD-T W) Y01y | (xo10iL W) DvdO (Uiw) swr

(PANURUOD) V 1gel



215

"0J3U0D 3y} 0} pa.tedwlod (50°0>d)
JUSIDHIP JUBDIUSIS D1 (S]D9440 JUsWIeal] g-Y) Aep aules sy} 1e $19139) asedsaddn Jualayip YHm sues|y (G0°0>d) JUSIDHIP JUBRDIIUSIS

2JE Juswileal) aules 3yl 1e (S103)J9 sWl] (P-e) SI9119) SSEDI9MO) JUBISUIP YHM SUBSIA "¢T=U ‘WIS F ueaw se U@wC@meQ oJe ele(

qg¢0'0+01°0 ey¢0'0+20°0 - - - - 09¢
qy¢00F60°0 ey¢0'0F€0°0 - - - - 00¢
qg¢0'0+20°0 ey 10°0F00°0 - - - - 0174
qg¢0'0+80°0 ey¢0'0+20°0 e G TF8CY 2qy00CF68°8 ey 1 G CFDE L ey08°CFIT T~ 081
qge0'0+¢1°0 ey20°0720°0 ey 56 TFLEE qul 9 TFDL8 gtV CF6Y L e eF91°G1 0ct
qy¢0'0F80°0 ey20°0F50°0 eg6 TF0T'D wICCFSTTT pghl €F80 DT qyl6CFLEGC 06
qey€00F90°0 ey20°0F€0°0 egV6 TFUL'D w3 CFPSTT 5g96'vVF99°8¢ py08°9FIC e 09
qve0'0F80°0 ey¢00+50°0 ey 98 CFS0D 2y 9 CF6E8 1998°eF9GCY Ve VF6D 99 0¢

- - eyle CF60°C qeyOV ' CF80Y apyaC e F1G1C poy8e GF61°CE qT
e,00'0700°0 e,00°0700°0 e,00'0700°0 e,00°0700°0 qey00°0F00°0 2,00°0700°0 0

A12ga1y 1043U0D A1120221Y 1043U0D A1120221yY 10J3U0)
(*OSo4 INW) dvy (1nowd) upnsu (Ip/8W) 2505N19 (uiw) swil |

0-INL Pue ‘9] ‘g1l ‘pioe Ayje) 9914 ‘9puadAIsLY WiniSs (va) SpAYSpielpuoiew oiy) {(Ov3L) Aoeded

JuepIxonue JuS1eAINDS X004} ‘(dydd) euseyd Jo Ayige supnpas dUIS) ‘unnsul ‘9s0on)s ewsed jelpueldisod jejuswiaidul g \gel



216

1043U0d ay] O} UmLmQEOU (G0°0>d) 1us4aIp

JUBDIJIUSIS JB (510949 Juauuleal) :g-y) Aep swes oy} je s19133) asedtaddn Jusiaylip Yim suespy (S0°0>d) JUSIDHIP JUedIIUSIS

9Je Jusuuleal] swes ay] 1k (51092 sWll] :p-B) SI9119) 95eDISMO) JUSISIP YUM SUBSN "¢T=U ‘WIS F ueaw se _Omuwcwmm‘_a ole eleq

egl 1°0¥50°0- eyG1°0FCP0 pg89°8FC1CL 2qyGL'8F98°G¢ qy8L'6CF68°5C1T o601 8CFLL DY 09¢
eyG1°0F90°0- ey0C'0F9E0 pogOb 9FCL'19 sqyC 1 '6F1C°¢C qgbe LCF16°101 ey 06 VIF8CVC 00¢
ey 1'07¢0°0- ey 0F6D°0 pg8C 8F1V'L9 P8 8FLC bE qg008¢+95°801 e,0L 8T FDCS ove
ey 71°0FET0- ey91°0¥8C°0 pg89°LF8Y°99 wIL 67062 qyP8'6CFP0'GTT ey 06 VEFTLGE 081
ega 1’ 0FpC 0~ ey81°0F9¢°0 poy9e 8FCC 95 w38'8F6L°T¢ qy8C 0EF1¢°96 ey81°LCFC6CT 0ct
eg80°0F60°0- ey©1'0F1C°0 pg88'8F96'99 2qeyCL 8FE9 L qg9¢ LZF61°601 ey €2 61FLGTT- 06
eya1'0¥8C°0- ey} 1'OFVT0 2qg8C LF¥8Y'0b eyG 16701 7L qv86'GCFIV'L8 ey80VCFIT LT 09
ega1'0F91°0- ey91°0F6£°0 qyP€'6F09°G¢ 2qey 9L 8FGL'8 qegC0CCF09'T.L ey 8 VCFIT LT~ 0¢
ey00°'0F00°0 ey00°'0F00°0 ey00°'0F00°0 qey00°0F00°0 e,00°0F00°0 e,00°0F00°0 0
A11909221y 1013U0D SIETe EnlY 10J3U0D SIETe EB]IY 10J3U0D
(vaw wrl) vaw (UIRISAD-T W) 101y | (XO104L WW) Dv3 L (Uiw) swir

(PeNURUOD) g el



217

1 043U0D 3y} 03 pasedwod (G0'0>d) JUDIaHIP

JUBDIIUSIS S4B (S}D94D JuaUIeal] g-y) Aep aules oy} Je s193139) asedladdn JUSIaIP UM SUBSIN (G0'0>d) JUDIDHIP JUBDLIUSIS

2Je JUDWUIR3I} SUIBS DU} 1B (51024 SWI) (p-B) SID11D) DSEDIDMO) JUIDHIP YIM SUBS|A "¢T=U ‘WIS F ueaw se pajuasald ale ejeq

egGT0FES 0 810700 ey 0'01FGL DT ey 9TFHG GG qvCC STELDT wSE GFIE'8T 09¢
- - - - awlGVFITC wGLGFI6'6C 00¢
- - - - 20g29 GFUL VT 61'8F2625 ove
egG T 0FVL 0" o,61°0FVZ 0- gl CTFIC S oy GE LFT6CE 489 LF8T 1Y 0T LFE599 081
- - - - 12 9FSh6E 18'LF99°1G 021
- - - - VT GF62°9C 61 671£CE 09
e,00'0F00°0 ;0007000 ey00'0F00°0 ey00'0F00°0 ey00'0F00°0 ey00'0F00°0 0
>t®ﬂ®u_m 1013U0D \Atwﬂwu_m 101UGD \Atmpwu_m 101U0D
(Tw/5d) 1= (1nowirl) pioe Ayey 2914 (Ip/5W) apLR2AY8L | (i) swi

(PoNUNUOD) g 1qel



218

"0J3U0D 24} 0} paiedwod (G00>d) JUDIDHIP JUBDLIUSIS e (S}D4D JudU}eal] :g-y) Aep aules

9U3 1k $19133) sedladdn JusIayIp YUM SUBSIN (G0'0>d) JUDIDHIP JUBDIIUSIS D1 JUDWIIRDI} SWES U}

Je (5109442 SWlI} :p-B) SI9113) DSEDIDMO) JUDIDHIP UM SUBS|A ‘¢T=U ‘|NIS F ueawl se pajuasald ale eyeq

egOV'0F1GT- ey82°0F¢8°0 egG 107800 ey 1'0FGS0 09¢
ey08 0FED T~ eyt 0F¢8°0- eg?T'0F1IT°0 ey0T°0F05°0 081
ey00'0F00°0 ey00°0F00°0 ey00°0F00°0 ey00°0F00°0 0
A1120221yY 1043U0D K201y 1013U0)
(Tw/8d) 0-4NL (uwi/sd) 9-71 (UIJ) Wi |

(PonUNUOD) g SqeL




NAME

DATE OF BIRTH

PLACE OF BIRTH

INSTITUTIONS ATTENDED

HOME ADDRESS

PUBLICATION

AWARD RECEIVED

VITA

Tanisa Anuyahong
25 August 1980
Nakhon Phanom, Thailand

Piyamaharachalai School, 1998.

Faculty of Public Health, Mahidol University, Bangkok,
2003.

Graduate school, Nakhon Ratchasima Rajabhat University,
2015.

24 Moo 7, Tambon Ban Kor, Phonsawan district, Nakhon
Phanom Province

Anuyahong, T., Chusak, C., & Adisakwattana, S. (2020).
Incorporation of anthocyanin-rich riceberry rice in yogurts:
Effect on physicochemical properties, antioxidant activity
and in vitro gastrointestinal digestion.L WT-Food Sci

Technol, 129: 109571



	ABSTRACT (THAI)
	ABSTRACT (ENGLISH)
	ACKNOWLEDGEMENTS
	TABLE OF CONTENTS
	LIST OF TABLES
	LIST OF FIGURES
	CHAPTER I  INTRODUCTION
	1.1 Background and significant of the study
	1.2 The objectives of the study
	1.3 Hypotheses in the study

	CHAPTER II  REVIEW OF LITERATURE
	2.1 Non-communicable diseases (NCDs)
	2.1.1 Dietary carbohydrate
	2.1.2 Dietary fat
	2.1.3 Appetite

	2.2 Strategies to control hyperglycemia and hyperlipidemia
	2.2.1 Carbohydrate digestion
	2.2.2 Fat digestion
	2.2.3 Diets related to digestive enzyme inhibition
	2.2.3.1 Carbohydrate digestive enzyme inhibition
	2.2.3.2 Fat digestive enzyme inhibition

	2.2.4 Diets related to nutrient absorption
	2.2.4.1 Carbohydrate absorption
	2.2.4.2 Fat absorption

	2.2.5 Diets related to control appetite

	2.3 Functional food
	2.3.2 Effect of functional ingredients on reduction of postprandial hyperlipidemia
	2.3.3 Effect of functional ingredients on postprandial antioxidant capacity
	2.3.4 Anti-inflammation activity
	2.3.5 Yogurt
	2.3.5.1 Characteristics of yogurt
	2.3.5.2 Yogurt culture
	2.3.5.3 Yogurt consumption and health benefits
	2.3.5.4 Effect of storage time on stability and physicochemical properties of yogurt
	2.3.5.5 Development of yogurt

	2.3.6 Functional beverage
	2.3.6.1 Characteristics of functional beverage
	2.3.6.2 Health benefits


	2.4 Anthocyanins
	2.4.1 Cyanidin
	2.4.2 Peonidin

	2.5 Riceberry rice
	2.5.1 Characteristics
	2.5.2 Biological properties of riceberry rice
	2.5.2.1 In vitro study
	2.5.2.2 Clinical study



	CHAPTER III  MATERIALS AND METHODS
	3.1 Part I: Incorporation of anthocyanin-rich riceberry rice in yogurts: Effect on physicochemical properties, antioxidant activity and in vitro gastrointestinal digestion
	3.1.1 Preparation of riceberry rice extract (RBE)
	3.1.2 Preparation of set-type yogurt
	3.1.3 Physicochemical properties of yogurt
	3.1.3.1 Kinetic parameters
	3.1.3.2 Titratable acidity
	3.1.3.3 Syneresis
	3.1.3.4 Color
	3.1.3.5 Texture analysis

	3.1.4 Microbiological analysis
	3.1.5 Total phenolic content and antioxidant activity of yogurt
	3.1.6 Identification and quantification of anthocyanins
	3.1.7 In vitro gastrointestinal digestion of yogurt
	3.1.8 Sensory analysis
	3.1.9 Statistical analysis

	3.2 Part II: The effect of rice-berry yogurt on postprandial glycemic response and antioxidant status in healthy subjects.
	3.2.1 Preparation of probiotic yogurt with or without RBE
	3.2.2 Sample size calculation
	3.2.3 Participants’ criteria
	3.2.4 Ethic approval
	3.2.5 Study design and intervention
	3.2.6 Blood collection and analysis
	3.2.7 Measurement of plasma glucose
	3.2.8 Measurement of plasma antioxidant capacities
	3.2.9 Measurement of plasma oxidant
	3.2.10 Statistical analysis

	3.3 Part III: The consumption of riceberry rice beverage with high-carbohydrate, moderate-fat meal on postprandial glycemic response, antioxidant status, lipidemic response, and inflammatory markers in overweight and obese subjects.
	3.3.1 RBE powder preparation
	3.3.2 Sample size calculation
	3.3.3 Participants’ criteria
	3.3.4 Ethic approval
	3.3.5 Study design and intervention
	3.3.6 Blood collection and analysis
	3.3.7 Measurement of plasma glucose, insulin and triglyceride
	3.3.8 Measurement of plasma antioxidant capacities
	3.3.9 Measurement of plasma oxidant
	3.3.10 Measurement of plasma free fatty acid and inflammation
	3.3.11 Statistical analysis


	CHAPTER IV  RESULTS
	4.1 Part I: Incorporation of anthocyanin-rich riceberry rice in yogurts: Effect on physicochemical properties, antioxidant activity and in vitro gastrointestinal digestion
	4.1.1 Characteristic of riceberry rice extract (RBE)
	4.1.2. Kinetic parameters
	4.1.3. Physicochemical properties, microbiological analysis, total phenolic content and antioxidant activity of yogurt
	4.1.4 In vitro gastrointestinal digestion
	4.1.5. Sensory evaluation
	4.1.6 Physicochemical, phytochemical, microbiological and antioxidant changes in yogurt during refrigerated storage

	4.2 Part II: The effect of riceberry rice yogurt on postprandial glycemic response and antioxidant status in healthy subjects.
	4.2.1 Nutritional profile of yogurt
	4.2.2 Postprandial plasma glucose concentration
	4.2.3 Plasma antioxidant status
	4.2.4 Subjective rating of hunger, fullness, desire to eat, and satiety
	4.2.4 The maximum plasma concentration (Cmax) and the peak plasma concentration (Tmax)

	4.3 Part III: The consumption of riceberry rice beverage with high-carbohydrate, moderate-fat (HCMF) meal on postprandial glycemic response, antioxidant status, lipidemic response, and inflammatory markers in overweight and obese subjects
	4.3.1 Plasma glucose concentration
	4.3.2 Plasma insulin concentration
	4.3.3 Plasma antioxidant status
	4.3.4 Serum triglyceride and free fatty acid
	4.3.4 Serum inflammatory markers
	4.3.6. Subjective rating of hunger, fullness, desire to eat, and satiety
	4.3.7. The maximum plasma concentration (Cmax) and the peak plasma concentration (Tmax)


	CHAPTER V  DISCUSSION
	5.1 Part I: Incorporation of anthocyanin-rich riceberry rice in yogurts: Effect on physicochemical properties, antioxidant activity and in vitro gastrointestinal digestion
	5.2 Part II: Postprandial effect of yogurt enriched with anthocyanin from riceberry rice on glycemic response and antioxidant capacity in healthy adults: A cross-over randomized study
	5.3 Part III: The consumption of riceberry rice beverage with high-carbohydrate, moderate-fat meal on postprandial glycemic response, antioxidant status, lipidemic response and inflammatory markers in overweight and obese subjects.

	CHAPTER VI  CONCLUSION
	REFERENCES
	APPENDIX
	VITA

