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Diabetes mellitus is a metabolic disorder characterized by hyperglycemia caused by f3-cells destruction and/or insulin resistance.
Okara, a byproduct of soybean, contains high amount of dietary fiber (50%), protein (25%), fat (10%), vitamins, and phyto-
chemical components including isoflavones and soyasaponins and has drawn particular attention to its positive benefits on health
as a source of fiber-rich food that can help people with diabetes. This review aimed to assemble data as a detailed summary of the
health benefits of okara for the management of diabetes mellitus. This review was carried out by identifying relevant literature
published from 2010 to 2023 by searching electronic databases. Okara can control diabetes by reducing body weight and delaying
digestion and absorption of carbohydrates, thereby increasing satiety and decreasing blood glucose levels. To sum up, okara

consumption as a functional food ingredient is beneficial in the management of diabetes.

1. Introduction

Every year, enormous amounts of derivatives are produced
during the production of food products made from soybeans
(Glycine max). Soybean contains high-quality proteins, di-
etary fiber (DF), and phytochemicals that have a beneficial
effect on human health. Okara is a byproduct of soybean [1],
enriched in DF (42.4-58.1%), protein (25%) [2], and phy-
tochemical components, including isoflavone, lignin, and
phytosterol [3-7]. When soybeans are processed to make
soybean curd, about 1.1 kg to 1.2kg of okara (on a wet basis)
are produced from 1kg of processed soybean. Okara is
produced annually in around 1.4 billion tons globally, where

the main portion is produced by Asian countries including
Singapore (about 10,000 tons), Japan (around 800,000 tons),
Korea (about 310,000 tons), China (around 2,800,000 tons)
[8, 9], and Indonesia (about 1,024 million tons) [6].
Worldwide, huge amounts of okara are produced with the
increase in soybean consumption [10]. Thus, every year large
quantities of okara create disposal problems that easily
deteriorated the quality of our environment [11, 12].
Therefore, most industries resold the okara as feed for cattle
since the protein contents of the okara are still at quite a high
level [13] and which is a low impact on the environment.
Later, okara has been used as food for humans traditionally
[11] and also as a functional ingredient in food products,
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such as bread, steamed bread, noodles, beverages, and
cookies with health-promoting attributes [3, 5, 14, 15]. Its
application is widely spread in the food industry in Asian
countries, especially in Japan, China, and Indonesia [16], for
its high nutritional value and health-promoting effects.

To date, research dealing with okara mainly on DM as
a possible health-promoting benefit is being focused. In
recent decades, a variety of physiological functional prop-
erties of DF are entrenched as isoflavones (genistein and
daidzein), essential amino acids (leucine, phenylalanine,
isoleucine, methionine, histidine, threonine, valine, and
lysine), nonessential amino acids (tyrosine, proline, alanine,
arginine, glycine, glutamic acid, serine, and aspartic acid)
[17], and peptides in okara that have been reported opposed
to metabolic ailments [11, 18], such as diabetes, hyperlip-
idemia [19], obesity, cardiovascular disease [20], and gut
dysbiosis [21]. Diabetes mellitus is one of the largest public
health concerning issues; therefore, scientists to pay heed to
the potentiality of food-based interventions to combat DM.
They also clarified that the consumption of okara as a sup-
plement could lower postprandial blood glucose level (BGL)
and has antidiabetic properties [5, 11, 22, 23]. There are
numerous clinical evidence and potential health advantages
of okara based on functional food ingredients [24].

Previously no such data are summarized based on okara
and its health benefits against diabetes. Therefore, this review
focused on a detailed discussion on the health benefits of
okara for the management of DM.

2. Diabetes Mellitus

DM is referred to as hyperglycemia [25], which arises from
the abnormalities of insulin (a hormone that regulates blood
glucose) secretion [26]. WHO referred to “DM as a collec-
tion of anatomical and chemical problems from the addition
of factors in which there is absolute or relative insulin de-
ficiency and impaired insulin function.” High BGL (fasting
plasma glucose level 7 mmol/L) causes extensive harm to the
blood vessels and increased the risk of cardiovascular dis-
eases, renal impairment, leg amputation, loss of vision, and
nervous disorder [25-28].

There are two major types of diabetes: insulin-dependent
(childhood-onset diabetes) or type 1 diabetes mellitus
(T1DM) and noninsulin-dependent (adult-onset diabetes)
or type 2 diabetes mellitus (T2DM) [26, 27]. Among other
types of diabetes, gestational diabetes (GD), maturity-onset
diabetes of the young (MODY), and malnutrition-related
diabetes mellitus (MRDM) are also termed as physiological
diabetes with less prevalence than T2DM and T1DM ([29].
Patients with TIDM require regular insulin administration
to control the amount of glucose in their blood [26].

The American Diabetes Association stated that normal
blood sugar levels are less than 140 mg/dL (7.8 mmol/L).
Prediabetes is indicated as a reading between 140 and 199 mg/
dL (7.8-11.0 mmol/L), and diabetes is defined as a reading of
greater than 200 mg/dL (11.1 mmol/L) after two hours [30].

Figure 1 describes the main causes of autoimmunity that
contribute to the progression of TIDM, activated to initiate
crucial cellular immunity against the pancreas, which results
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in insulitis, inflammatory pancreatic damage, and mal-
function of the f-cells that secrete insulin. These may be both
internal (hereditary predisposition) or/and external (viral
and microbiome) factors. Clinical symptoms, such as
hypoinsulinemia, dyslipidemia, and hyperglycemia, may be
seen as the prediabetic level that develops into the TIDM
(terms as symptomatic) stage [26, 27].

On the other hand, Figure 1 also displays that T2DM
normally starts with the passing from normal insulin sensitivity
to insulin resistance, which in turn encourages the production
and excretion of more insulin (the term known as hyper-
insulinemia) to manage normoglycemia (compensated stage).
p-cells, however, finally fail to produce enough insulin to
balance the increased demand in the context of worsened in-
sulin sensitivity, and the patient progresses to the dysfunctional
stage, known as decompensated, in which hypoinsulinemia,
hyperglycemia, and dyslipidemia manifest also [26, 27].

DM is one of the top ten causes of death globally [31]. In
recent decades, the prevalence of diabetics is significantly
increased [32], specifically in the middle (Uzbekistan,
Armenia, Cuba, Brazil, Guatemala, Grenada, Mauritius,
Kyrgyzstan, North Macedonia, Mexico, Romania, the Re-
public of Moldova, Saint Vincent, and the Grenadines) [27]
and low-income countries (Bangladesh, Benin, Burkina
Faso, Cambodia, Comoros, Eritrea, Liberia, Nepal, Rwanda,
Tanzania, Togo, Uganda, and Zanzibar) [33]. To date, based
on the statistics evidenced by the International Diabetes
Federation (IDF), the estimated amount of people with DM
raised from 108 million in 1980 [26] to 449 million in 2014
globally, and they predicted that this number will reach 702
million by 2045 [31, 34]. Currently, Asia (such as Afgha-
nistan, Bangladesh, Bhutan, India, Maldives, Mauritius,
Nepal, Pakistan, Sri Lanka, and China) has also emerged as
the major area with a swiftly rising T2DM. In China, the
prevalence of T2DM has rapidly increased by more than 140
million in 2021, and future projections suggest that this
prevalence will be increased by over 174 million by 2045
[35]. Based on the report of the IDF (2019), after China,
India, and the United States, Indonesia is predicted to have
21.3 million cases of DM in 2030 and be the fourth-largest
country worldwide [36]. However, proper dietary man-
agement can reduce the risk of DM.

3. Nutritional Potentiality of Okara

In the present day, okara fulfills the dietary fiber and protein
gap [37] as an alternative to the primarily plant-based dietary
source of several kinds of cereals such as maize, wheat, and
rice. Several studies have reported that the nutritional
content of okara has offered various health benefits as
a byproduct [38, 39]. Gabriel Quintana and his team re-
ported that okara is a nutritionally valuable byproduct that is
produced in big amounts during soymilk extraction [40].
The nutritional value of okara differs based on the
cultivation process of soybean, soymilk processing method,
and the content of water-soluble ingredients extracted from
ground soybeans [41]. In addition, okara has a high content
of moisture, approximately 70 to 80%. In a dry matter basis,
40% to 60% of fiber contains in the form of cellulose,
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FiGuRre 1: Diagram of TIDM (a) and T2DM (b). (a) The main causes of autoimmunity that contribute to the progression of TIDM with two
leading stages, pediatric stage and diabetes stage. (b) T2DM normally starts with the passing from normal insulin sensitivity to insulin
resistance, which in turn encourages the production and excretion of more insulin to manage normoglycemia culminating with

decompensated stage.

hemicellulose, and carbohydrates (i.e., galactose, raffinose,
arabinose, glucose, sucrose, fructose, and stachyose). Nu-
tritionally, it also contains raffinose, stachyose, and mostly
arabinose, glucose, galacturonic acid, galactose, fucose, and
xylose, and a small quantity of rhamnose and mannose
makes up the monomers in the cell walls of okara [41]. The
nutritional value of food products (optimal range of okara
flour added in food; dry weight basis (%)) is shown in
Table 1.

3.1. Common Nutrients of Okara. Acquired from different
processing methods (Figure 2), the nutritional value of okara
may vary globally [10]. Liquid waste (LW) and okara can
both be produced in large quantities by the soybean pro-
cessing industry due to several steps of processing. Although
it contains a large number of organic substances after the
filtration, there still remains a significant amount of nu-
trients and high dietary fiber in okara due to its ruptured
cotyledon cells and the external layer of the seed, which is
rich in cell-wall polysaccharides. Okara has a variety of uses
in food industries because of its several nutritional prop-
erties without any treatment; LW is normally discharged
into the river [4]. Characterization of protein, fat, fiber, and
mineral composition as well as unspecified monosaccharides
and oligosaccharides in okara has been reported in the
literature[50]. The composition of crude fiber, protein and
amino acid content, isoflavones, lipid, crude ash, and
minerals has been discussed in upcoming subsections.

3.1.1. Crude Fiber. Zhao et al. reported that okara is a good
source of DF and can be fermented by bacteria in the large
intestine but not in the small intestine [51]. It is evidenced

that DF in okara can reduce blood pressure [52], decrease the
level of blood cholesterol in some hyperlipidemic individuals
[7], protect against chronic cardiac disease [19], prevent
colon cancer, maintenance of normal bowel function, and
regulate the level of blood sugar for diabetes [50].

According to Rahman et al., okara contains high fiber
than soybean meal. It contains very high variable pro-
portions of crude fiber along with a range of 12.1%-61.3%
and neutral detergent fiber with a range of 12.7% to 72.6% on
a DM basis. Soluble dietary fiber can be raised in okara using
different treatment processes such as chemical treatment or
enzymatic, fermentation, extrusion, and high pressure [4].
Before being consumed, the insoluble part of okara can be
processed in a variety of ways to boost its nutritional content
and flavor [10].

3.1.2. Protein and Amino Acid Content. Okara is a protein-
enriched compound [2], particularly essential amino acids
(EAA), but it has low solubility in water. It is documented
that on a dry matter basis, okara is a significant source of
affordable vegetable protein for human consumption since it
has a protein content of about 27%, is highly nutritious, and
has a remarkable protein efficiency ratio [53]. The protein in
okara is of good quality than other soy products; for in-
stance, the efficiency ratio is 2.71, whereas in soymilk is 2.11.
However, the ratio of EAA to total amino acids (AA) is most
similar to that of tofu. It is proved that the concentration of
AA, compared to its unfermented competitors, has been
found in fermented soybean, which has substantially higher
protein content and more flavor [54].

Eze and his team illustrated the possible process to
enhance okara’s ability to extract protein [55]. From similar
review papers, it has been identified that protein solubility in
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TaBLE 1: Nutritional value of food products (optimal range of okara flour added in food; on a dry weight basis (%)).

Treatment/optimal range

Nutritional value (%)

of okara
Food products flour added ) ) )

in food Fiber ~ Protein  Carbohydrate Fat Moisture  Ash Ref

products (%)

Biscuits 40 7.25 15.35 56.6 13.25 6.3 1.25 [42]
Okara noodle 25 58.6 15.3 — 5.9 6.7 3.9 [43]
Butter cake 20 2.92 7.77 34.7 19.5 37.0 1.07 [44]
Biovalorised okara biscuits 20 10.35 8.62 — 19.11 — 1.09 [45]
Bread 10 0.14 9.74 — 3.10 37.74 1.97 [46]
Roti 30 17 30 — 9 28.5 5 [47]
Butter cake 20 7.84 28.67 — 14.35 4.74 4.27 [48]
Paratha 30 15 28 — 20 25.5 4.5 [47]

Soak |
(Beans: water = 1:10) |
vV 2 mmmmmmmmmmm————-- 1
Soaked whole
soybeans
98°C (5 min)
| B 1
' Heat :_
! (Japanese method) ! BEFS
Grind
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FIGURE 2: Japanese and Chinese extraction methods of okara from
dried soybean [49]. The following stages are taken during the
manufacturing of soymilk using the Chinese method: The process of
processing soybean involves soaking, rinsing, grinding, heating, and
filtering. The Japanese method, however, involves heating, grinding,
and filtering soybean after it has been soaked, rinsed, and dried. The
residual solid material after filtration is referred to as okara.

okara treated with acid is significantly increased, also other
functional features, including foaming and emulsifying
properties are being improved [53]. Okara can recover about
53% of the protein when extracted at pH 9.0 under 80°C for

30 minutes. The reason why okara proteins isolate was less
soluble than soy protein isolate in both acidic and alkaline
environments is most likely due to protein aggregation.
According to a linked essay, the emulsification, fat binding,
and foaming capabilities of protein from okara were shown
to be comparatively better than commercial soy isolate. Soy
peptides and free amino acids are produced during the
fermentation of the okara protein. Therefore, there is a lot of
potential for the development of protein resources from the
okara [4, 50].

3.1.3. Isoflavones. Okara has an isoflavone content of 0.02 to
0.12 g/100 g solids or roughly 12% to 40% of the raw soybean
isoflavones [56]. In addition to isoflavones (genistein and
daidzein), lignans, saponins, phytosterols, coumestans, and
phytates, okara is also likely to include other soy components
including genistein and daidzein. These substances serve
a variety of medicinal and physiological purposes [10]; for
example, isoflavones control diabetes [57], affect resistance
to carcinoma, prevent osteoporosis, reduce antibacterial
inflammation, and control heart diseases. A major portion of
the soybean isoflavones is left in okara during tofu pro-
cessing [4, 14].

According to Jankowiak et al., during the manufacturing
of soymilk, 12% to 30% of isoflavones are retained in okara.
The main isoflavones in okara are 28.9% glucosides, 15.4%
glycones, and a lower proportion of acetyl-genistin (0.89%)
[58]. Li et al. clarified that approximately 4, 18, and 31% of
the isoflavones, okara, and whey, respectively, were lost in
the water during soaking the fresh soybeans [50]. A recent
article reported that the total isoflavone content in acid-
hydrolyzed okara flour was greater than in unhydrolyzed
ones [41]. Some research indicated that producing isoflavone
using fermented okara by microorganisms is comprehensive
and mostly applicable to food industries and the pharma-
ceutical sector [50, 53].

3.1.4. Lipid. Okara contains a considerable quantity of
lipids, around 8.3% to 10.9% on a dry matter basis [20]. The
majority of fatty acids (FA) are monounsaturated or poly-
unsaturated, including linoleic acid (54.1% of total FA),
palmitic acid (12.3%), oleic acid (20.4%), stearic acid (4.7%),
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and linolenic acid (8.8%). Soy lipoxygenase and hydroper-
oxide lyase interact with the unsaturated fatty acids, espe-
cially linoleic acid, during soy bean grinding to produce
fragrance compounds (i.e., hexyl, nonyl aldehydes, and al-
cohols). Low detection thresholds and these kinds of
odorants are to blame for the oft flavors in raw soymilk [59].

3.1.5. Crude Ash and Minerals. Okara contains crude ash of
around 3.4 to 5.3% [53], a range of minerals with some
amount of potassium (K), calcium (Ca), and iron (Fe)
[60, 61], and the concentration of Ca is 0.26 to 0.43%.
Marlina and Askar reported that the concentrations of
phosphorus (P) and calcium (Ca) are approximately 0.6 and
0.7%, respectively, on a dry matter basis [4]. In contrast,
Harthan and Cherney also documented that okara contains
2.3% of Ca and 4.6% of P [62]. Moreover, Dong et al. found
that okara contains a greater Ca level of 1.2% than that in
soybean meal around 0.4%, while soybean meal contains
higher ash around 7.4% and 0.9% of P than in okara (4.3%
and 0.9%, respectively) [4].

4. Mechanistic Insight of Soybean Bioactive
Compounds and DM

Isoflavones (known as phytoestrogens), mainly daidzin and
genistein found in okara, have been shown to lower serum
blood glucose levels, promote metabolic activity, and inhibit
adverse effects in diabetes (Figure 3) [63]. For decades,
animal and epidemiological research has demonstrated the
importance of soybean in diabetes prevention and glycemic
control [64]. Isoflavones have also been proven to be useful
in treating T2DM by reducing BGL owing to their ability to
block the enzyme a-glucosidase [65]. Estrogen-related re-
ceptors (ERRs), which are nuclear receptors, are only ac-
tivated by the peroxisome proliferator-activated receptor-
gamma coactivator-1 beta (PGC-1p). In addition, it has been
noted that isoflavones may have an antiobesity impact by
activating the PGC-1/ERR pathway since genistein and
daidzein act as ERR agonists [66]; hence, controlling obesity
is interlinked with diabetes management [63, 67]. Intestinal
a-glucosidase and pancreatic a-amylase are two major en-
zymes involved in starch digestion, resulting in glucose
absorption in the liver. Bioactive substances that inhibit such
enzymes can restrict the quantity of glucose in the blood by
extending the release of glucose and thereby preventing
hyperglycemia. The antiglycosidase activity of soybean was
studied by Bai et al. in 2017, where they discovered that
isoflavones and flavones include a-glycosidase inhibitors.
The isoflavone and flavone content of the Glycine max
extract is probably a reflection of their a-glucosidase in-
hibitory activity [68]. Emerging research revealed that
soybean diets high in particular isoflavones, at least in part
due to their soy peptides content, can have beneficial effects
on multiple aspects of T2DM. Daidzein, for instance, is
thought to be a useful treatment for diabetic retinopathy
because it inhibits retinal neovascularization and has anti-
inflammatory  properties [64]. Hypocholesterolaemic
soybean-derived peptides enhance glucose metabolism by

promoting glucose absorption in a hepatic cell through
glucose transporters type 1 and type 4. A serine exopeptidase
called dipeptidyl peptidase-4 (DPP-4) is effectively inhibited
by peptides found in soybean through in vitro and in silico
studies, where DPP-4 triggers glucagon-like peptide hy-
drolysis and a glucose-dependent insulinotropic polypeptide
that are essential for glucose homeostasis regulation [65].
Interestingly, several soybean peptides with hypolipidemic
activity also have antidiabetic effects in various experimental
models [63, 67]. Aspects of metabolic syndromes, such as
insulin resistance, can be improved by dietary fiber via al-
tering the gut flora [69]. Hyperlipidemia is often associated
with T2DM and insulin resistance. Therefore, bioactive
compounds with hypolipidemic activities can also exhibit
antiobesity and antidiabetic activity [65].

5. Health Benefits of Okara as a Functional Food
Ingredient on DM

There are many closely related definitions of functional food
used globally. According to an EU document, “A food that
beneficially affects one or more target functions in the body
beyond adequate nutritional effects in a way that is relevant to
either an improved state of health and wellbeing and/or re-
duction of risk of disease, it is consumed as part of a normal
food pattern, it is not a pill, a capsule, or any form of dietary
supplement” [70]. Some crucial functional food ingredients are
soluble and insoluble DF, carotenoids, phenolic acids, phy-
toestrogens, fatty acids, flavonoids, prebiotics and probiotics,
soy protein, vitamins, and minerals. Numerous pieces of ev-
idence suggested that there is a strong relationship between
functional food ingredients and potential health benefits.
Functional food ingredients (okara) that are biologically active
can lower the risk of some noncommunicable diseases in-
cluding preventing diabetes and osteoporosis, cancer re-
sistance, regulating heart disease, and decreasing antibacterial
inflammation. Consumption of soy-containing foods has been
reported to be linked with the prevention of cardiovascular
syndrome, reduced blood cholesterol, reduced possibility of
cancer (colon, breast, and prostate), osteoporosis, menopause
symptoms, and cognitive function [34, 71-73]. Recently, it is
reported that adequate intake of DF is advantageous for the
treatment as well as prevention of TIDM and T2DM and
improved diabetic dyslipidemia because it reduces body weight
by postponing the digestion and absorption of carbs and in-
creasing satiety; however, both mechanisms reduce post-
prandial hyperglycemia (Figure 4) (72, 73].

Nowadays, consumers are very aware of the benefits of
DF, and most people believe that they intake enough fiber.
National consumption surveys (NCSs) indicated that only
5% of the people meet recommendations, and inadequate
consumption of DF has been called a public health concern
[72]. Inadequate knowledge will affect the wrong diet, which
eventually leads to raises in BGLs [25]. Therefore, nutrition
and health educators can use communication techniques
including providing clear and simple information, pro-
posing flavorful fiber-enriched foods, and also emphasizing
the advantages of adequate fiber consumption to help de-
crease the fiber intake gap [72].
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FiGure 4: DF intake and developing DM [72, 73] (SCFA: short chain fatty acids; FFA: free fatty acids).

6. Okara, Dietary Fiber, and Diabetes Mellitus reduction, and the treatment of some diseases” such as

diabetes (Figure 5), coronary heart disease, and large in-
Dietary fiber (DF) is known as a crucial dietary substance  testine cancer [76, 77]. Increased consumption of DF re-
that's necessary for good health [74, 75]. “High DF- duces blood pressure and blood glucose levels, as well as
containing diets are associated with the prevention,  reduces body weight [78]. Okara, a byproduct of soybean,
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FIGURE 5: Dietary fiber consumption helps to manage diabetes.

has gained particular focus on health-beneficial effects as
a fiber-rich (50% dietary fiber) food material that deals with
diabetes to reduce blood glucose levels.

Much clinical research has documented the effect of
dietary fiber- (DF-) enriched diets on patients with DM
[22,79, 79]. Hosokawa et al. reported that a healthy fiber diet
can delay diabetic complications by controlling blood glu-
cose levels. More recently, due to increased consumption of
dietary fiber-containing food products to decrease insulin
and blood glucose concentrations level, the functions of DF
in the prevention of diabetes have received attention [80]. Xu
et al. invented the effect of soy fiber on blood sugar, blood
lipid metabolism, and hepatic nephritic histomorphology of
mice along with streptozotocin-induced DM. Their study
indicated that okara could markedly reduce the plasma levels
of sugar and lipid, improve the metabolism of blood sugar
and lipid, and also protect the liver and kidneys of DM
mice [10].

7. DM and Dietary Patterns

Some risk factors are nonmodifiable or uncontrolled, such as
age, gender, and genetics, and others can be modified or
controlled such as unhealthy lifestyles with a low DF diet,
irregular physical activity, and smoking. A diet with un-
healthy and unbalanced foods and low DF is one of the vital
causes of DM. For individuals with DM, the major chal-
lenging part of dietary management is to determine “what to
eat.” Multiple food intake patterns including vegetarian or
vegan, Mediterranean style, DASH (Dietary Approaches to
Stop Hypertension), low calorie, low fat, and high DF can be
effective for achieving metabolic objectives for DM [28].
Research indicates that a high intake of fiber may reduce
insulin resistance (IR) and the risk of developing T2DM
[34, 81-83].

Some research studies showed that the Glycemic Index
for okara steamed bread, okara bread, and okara noodle was
low in level (referring to glucose GI = 100). They also proved
that the GILs (glycemic Index level) of okara foods were
distinctly lower than those of control foods (i.e., for bread
67 =3, noodles 77 + 11, and steamed bread 86+ 10) [10].
Numerous studies have indicated the importance of DF [10].
In several food industries, DF from different sources has
been used to partially and/or completely replace cereal flour
in the processing of bakery products to enhance the sensory
characteristics of processed food products. It is possible to
meet the criteria of high in DF and low in energy food
products containing okara which is essential to the human
body, especially for people with diabetes mellitus.

8. Recommendation of DF Intake

In the consumption of DF and functional fibers, there are
many important health benefits, including preventing
constipation, diabetes, obesity, and bowel problem, lower
cholesterol, and avoiding colon and breast cancer. However,
excessive DF consumption has some negative side effects,
including dehydration (due to a fluid imbalance) and in-
testinal obstruction (in susceptible individuals), increases in
intestinal gas that cause distention and flatulence, and has
a decreased ability of the gut to absorb vitamins, proteins,
calories, and minerals [10]. Thereby, it is very essential to
maintain appropriate recommended DF intake for particular
diseases.

So far, there is no toxicological report on tofu, soy
products, or okara; hence, its application has been found
safe. However, the Institute of Medicine (IOM) recommends
DF intake depending on gender and age, which ranges from
19 to 38 g/day [72]. Based on Mogos et al. recommendation
of DF intake for the diabetic diet is from 35 to 40g [84],
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whereas approximately 75% of DM patients did not follow
the suggested diet. DF intake is still below the advised range,
with an average daily intake of 13.22 g of fiber. According to
Abdurrachim and Annisa report, in Indonesia, for DM
patients, the reccommended dietary fiber intake is as much as
25g/day [25]. The ADA recommends the consumption of
afiber-enriched diet that may help for secondary and tertiary
prevention in patients with T2DM. DF has been explored as
a treatment for DM for a long time because the foods with
more fiber have lower glycemic index levels (GILs), which
result in smaller spikes in blood glucose levels (BGLs) and
lower blood glucose and HbAlc (hemoglobin Alc) levels
[81]. In addition, the ADA has specific recommendations for
DF consumption with diabetes. Furthermore, the recom-
mended daily fiber intake for people with diabetes is 14 g of
total fiber per 1000 kcal of energy, or around 25 g for adult
females and 38 g for adult males [83]. Some observational
studies have shown a negative correlation between total fiber
consumption and DM [85].

9. Conclusion and Future Perspectives

The prevalence of diabetes is increasing worldwide, and
T2DM is considered the most common type of diabetes,
accounting for 90% of cases. Researchers working on di-
abetes suppose that the intake of large amounts of dietary
fiber may help to control BGL after meals by slowing down
the rate of carbohydrate absorption in the intestine. In
addition, dietary fiber reduces triglyceride levels and blood
cholesterol by binding to cholesterol and assisting in its
excretion from the body. Moreover, patients with diabetes
may benefit from a high-protein diet. Thus, okara is an ideal
food for diabetics because it contains high levels of protein
(25%) and dietary fiber about 50%.

However, due to its high moisture content, fresh okara
decomposes quickly; hence, producers try to find quick and
easy solutions to handle okara. In contrast, the majority of
soymilk and tofu companies are dispersed and small-scale,
making it challenging to collect a large quantity of okara for
centralized processing if fresh okara cannot be dried as soon
as feasible. So, to fully utilize okara, appropriate dryer de-
velopment is still necessary [10]. In the food industry, there
are insufficiently adequate food products that are enriched in
functional food, linked to T2DM, so the intake of functional
food such as okara should be stressed. There is also a future
need to gain in-depth information about the therapeutic,
nutraceutical, and safety prospects of this underutilized
okara as a means to explore much of its health benefits to be
used as a value-added ingredient in different food products
[86]. Further, clinical research is also required to investigate
the advantages of okara food products as a dietary nutrient,
particularly in DM patients [65]. In addition, the multi-
component impacts of okara on biological activity are
suggested for further analysis [86].

Data Availability

The data used to support the findings of this study are in-
cluded in the article.
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Additional Points

Highlights. (i) Diabetes mellitus is characterized by hyper-
glycemia which occurs due to abnormalities of insulin se-
cretion by the pancreatic f-cells. (ii) Okara surprisingly
receiving significant attention as health-beneficial effects for
diabetes mellitus. (iii) The effect of consuming okara can
reduce blood glucose levels.
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