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Abstract: The disadvantageous properties of sago starch has limited its application in food and
industrial processes. The properties of sago starch can be improved by changing its physicochemical
and rheological characteristics. This study examined the influence of reaction time, acidity, and
starch concentration on the oxidation of sago starch with ozone, a strong oxidant. Swelling, solubility,
carbonyl, carboxyl, granule morphology, thermal profile, and functional groups are comprehensively
observed parameters. With starch concentrations of 10–30% (v/w) and more prolonged oxidation,
sago starch was most soluble at pH 10. The swelling power decreased with a longer reaction time,
reaching the lowest pH 10. In contrast, the carbonyl and carboxyl content exhibited the same pattern
as solubility. A more alkaline environment tended to create modified starch with more favorable
properties. Over time, oxidation shows more significant characteristics, indicating a superb product
of this reaction. At the starch concentration of 20%, modified sago starch with the most favorable
properties was created. When compared to modified starch, native starch is generally shaped in
a more oval and irregular manner. Additionally, native starch and modified starch had similar
spectral patterns and identical X-ray diffraction patterns. Meanwhile, oxidized starch had different
gelatinization and retrogradation temperatures to those of the native starch.

Keywords: starch; oxidation; physicochemical properties

1. Introduction

Starch, which is mainly composed of carbohydrates, is an essential daily nutrient
source. Starch can be produced from various plant parts, such as the seeds of corn, rice,
wheat, tubers of cassava, yams, and potato, and the stem of sago palm [1]. Starch plays an
essential role in the food industry, such as in the production of candy, glucose, dextrose,
and fructose. Besides, it is widely used in other industries, such as textile, paper, glue, and
sludge drilling [2–6]. There are two kinds of starch that are produced in agriculture: native
and modified [7]. Various starch modifications have been carried out using various starch
sources, one of which can be developed from sago.

The sago palm (Metroxylone sagu Rottb) grows well in Southeast Asia’s tropical rain
forests between 100 northern and southern latitudes [8,9]. Sago starch contains 73% amy-
lopectin as the branched polymer and 27% amylose (the linear polymer) [10,11]. While
native sago starch can be a valuable source of foodstuffs and industrial raw materials,
its use of native sago starch is still limited due to the disadvantageous properties of the
raw sago paste [11]. For example, raw sago paste becomes a chewy paste when heated, is
difficult to dissolve in cold water, opaque, spoils quickly during storage, and it lacks emul-
sifying properties. Consequently, industrial applications of sago starch are limited [12,13],
and most have not been sufficiently utilized. Native sago starch is also reactive, because it
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Abstract: Legumes are a vital candidate in the fight for food security as a sustainable and nutritious
food source. The current study systematically investigated the effects of hydrothermal processing
of varying durations (15–120 min) on the texture, starch and protein digestibility of cowpeas (Vi-
gna unguiculata), chickpeas (Cicer arietinum) and kidney beans (Phaseolus vulgaris). Texture analysis
and in vitro oral-gastro-intestinal digestion of each legume was combined with kinetic modelling
to explore the rate and extent of their changes observed during hydrothermal processing. All three
legumes showed rapid initial texture decay in the first 30 min of processing. Chickpeas showed
the fastest rate of texture degradation with processing duration, whereas texture degradation of
kidney bean was slower but reached the lowest hardness value among all beans when processed up
to 120 min. The rate of starch and protein digestion increased with prolonged processing duration,
whilst showing an inverse relationship with texture values. The extent of starch digestion continually
increased with processing duration for all three legumes, whereas the extent of protein digestion
decreased after 60 min in cowpeas. This study systematically demonstrated how choosing differ-
ent processing times can modulate the rate of texture degradation, starch and protein digestion in
legumes. The findings of this study can aid consumers and manufacturers on optimal processing to
achieve the desired texture or modulate starch and protein digestibility.

Keywords: legumes; hydrothermal processing; texture; starch digestion; protein digestion; simulated
digestion; kinetic modelling

1. Introduction

Legumes are a sustainable source of (plant-based) protein, carbohydrate, fibre and
minerals. Legumes are consumed as a staple food in developing countries due to their
economical cost and long (i.e., years) shelf life [1]. Legume consumption has been asso-
ciated with lower risk of non-communicable diseases, such as diabetes [2]. Furthermore,
legumes may be cultivated in poor soil and/or arid regions [3]; hence, legumes are a
robust candidate to contribute to the world’s food security. Some examples of well-known
legumes include cowpeas (Vigna unguiculata), chickpeas (Cicer arietinum) and kidney beans
(Phaseolus vulgaris).

Despite the health and sustainability benefits, legumes are not as widely consumed in
developed countries. This is due to a combination of factors, such as the involved process
in their cooking, the potential of gastrointestinal discomfort from gas, undesirable odour [4]
and generally lower protein digestibility (compared to animal sources) [5]. Complicating
their utilisation is the presence of antinutrients which needs to be inactivated before con-
sumption. Antinutrients include lectins, which can potentially cause food poisoning [6],
α-galactosides which may be metabolised by gut bacteria to cause gastrointestinal discom-
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Abstract: Natal plums (Carissa macrocarpa) are a natural source of bioactive compounds, particularly
anthocyanins, and can be consumed as a snack. This study characterized the impact of freeze drying
and in vitro gastrointestinal digestion on the phenolic profile, antioxidant capacity, and α-glucosidase
activity of the Natal plum (Carissa macrocarpa). The phenolic compounds were quantified using
high performance liquid chromatography coupled to a diode-array detector HPLC-DAD and an
ultra-performance liquid chromatograph (UPLC) with a Waters Acquity photodiode array detector
(PDA) coupled to a Synapt G2 quadrupole time-of-flight (QTOF) mass spectrometer. Cyanidin-3-O-
β-sambubioside (Cy-3-Sa) and cyanidin-3-O-glucoside (Cy-3-G) were the dominant anthocyanins
in the fresh and freeze-dried Natal plum powder. Freeze drying did not affect the concentrations
of both cyanidin compounds compared to the fresh fruit. Both cyanidin compounds, ellagic acid,
catechin, epicatechin syringic acid, caffeic acid, luteolin, and quercetin O-glycoside from the ingested
freeze-dried Natal plum powder was quite stable in the gastric phase compared to the small intestinal
phase. Cyanidin-3-O-β-sambubioside from the ingested Natal plum powder showed bioaccessibility
of 32.2% compared to cyanidin-3-O-glucoside (16.3%). The degradation of anthocyanins increased
the bioaccessibility of gallic acid, protocatechuic acid, coumaric acid, and ferulic acid significantly,
in the small intestinal digesta. The ferric reducing antioxidant power (FRAP), 2,2′-azino-bis-3-
ethylbenzthiazoline-6-sulphonic acid (ABTS) activities, and inhibitory effect of α-glucosidase activity
decreased in the small intestinal phase. Indigenous fruits or freeze-dried powders with Cy-3-Sa can be
a better source of anthocyanin than Cy-3-G due to higher bioaccessibility in the small intestinal phase.

Keywords: functional powder; phytochemicals; antioxidants; bioaccessibility; cyanidin-3-O-β-
sambubioside

1. Introduction

Market knowledge and interest in nutritional quality, particularly in healthier foods,
is currently apparent in many communities. Food suppliers are striving to develop inno-
vative food products with functional powders. The projection is that global functional
foods’ market size would increase in 2025 to US $275.77 billion, predominantly due to the
increasing consumer demand for nutritional and fortifying food additives [1]. Further-
more, the market growth of global functional powdered drink concentrates increased by
7% during the period 2017–2021 [2]. Fruits with bright red, or pink to dark blue colours
predominantly contain anthocyanins belonging to the phenolic group and show numerous
health benefits due to their potent antioxidant properties [3].
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Abstract: Approximately 17 million people suffer from cardiovascular diseases caused by hyper-
lipidemia, making it a serious global health concern. Among others, resistant starch (RS) has been
widely used as a prebiotic in managing hyperlipidemia conditions. However, some studies have
reported limited effects of RS on body weight and blood lipid profile of the host, suggesting further
investigation on the synergistic effects of RS in combination with probiotics as gut microbes plays a
role in lipid metabolism. This study evaluated the effects of jackfruit seed sourced resistant starch
(JSRS) as a novel RS on mice gut microbes and hyperlipidemia by performing 16s rRNA and shotgun
metagenomic sequencing. The results showed that 10% JSRS had a limited preventive effect on
bodyweight and serum lipid levels. However, the JSRS promoted the growth of Bifidobacterium
pseudolongum, which indicated the ability of B. pseudolongum for JSRS utilization. In the validation
experiment, B. pseudolongum interacted with JSRS to significantly reduce bodyweight and serum
lipid levels and had a therapeutic effect on hepatic steatosis in mice. Collectively, this study revealed
the improvements of hyperlipidemia in mice by the synergistic effects of JSRS and B. pseudolongum,
which will help in the development of “synbiotics” for the treatment of hyperlipidemia in the future.

Keywords: hyperlipidemia; resistant starch; Bifidobacterium pseudolongum; gut microbes; synbiotics

1. Introduction

Hyperlipidemia is a chronic systemic metabolic disease with lower levels of high-
density lipoprotein cholesterol (HDL-C) and higher levels of total cholesterol (TC), triglyc-
erides (TG), and low-density lipoprotein cholesterol (LDL-C) due to abnormal fat transport
or metabolism [1]. It is considered as one of the risk factors of cardiovascular diseases, in-
cluding atherosclerosis [2], coronary heart disease [3], and diabetes [4]. Intestinal microbes,
the “second genome” of the human body [5], are inextricably linked to these diseases,
and the intestinal microbiota of such patients is significantly different from that of healthy
people [6]. The gut microbiome in hyperlipidemic subjects is also characterized by low
microbial diversity, such as a high abundance of some taxa from the phylum Actinobacte-
ria and lower abundance of many taxa from phyla Proteobacteria and Bacteroidetes [7].
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