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Abstract:

The black bean (Phaseolus vulgaris L.), a nutrient-dense legume containing bioactive compounds, has proven to have excellent
antioxidant and anti-inflammatory effects. However, the available literature data are diverse and needs summarizing. Therefore,
we aimed to systematically review the studies on the antioxidant and anti-inflammatory activities of the black bean.

A literature search following the PRISMA guidelines was carried out for in vitro, in vivo, and human studies assessing the
antioxidant and anti-inflammatory effects of the black bean. For this, we used Boolean operators in the following databases:
PUBMED, DOAJ, Google Scholar, and WHO’s International Clinical Trials Registry Platform. A total of 411 articles was
screened, with 28 duplicate articles removed. Among the remaining 383 articles, only 38 matched the inclusion criteria. The risks
of bias were evaluated using the QUIN tool for the in vitro studies and the OHAT tool for the in vivo and human studies.

The seed coat of the black bean exhibited the strongest antioxidant and anti-inflammatory activities compared to the other parts
of the seed. While thermal processing negatively impacted the beneficial effects, the retention of the cooking water improved the
beans’ antioxidant and anti-inflammatory activities. Germinated and fermented black beans had higher potential than raw and
cooked beans. Thus, the black bean can exert a protective effect against inflammatory cytokines.

The antioxidant and anti-inflammatory activities of the black bean depend on which parts of the bean are used and how they are
processed. There is a need for further studies and clinical trials to focus on the beneficial role of germinated and fermented black
beans in human health.
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INTRODUCTION The origin of chronic diseases is multifactorial. Oxi-
Chronic diseases such as diabetes, cardiovascular ~ dative stress, which is considered a common denomi-
diseases, and cancer are a significant threat to global ~ Dator, plays a pivotal role in pathogenesis [6]. Oxidative

stress results from the imbalance between production
and accumulation of reactive oxygen species in the
body [7]. This triggers a chain of adverse events lea-
ding to the disruption in cell metabolism and normal
functioning of the body. Oxidative stress facilitates the
generation of cytokines, thereby causing vascular endo-
thelial activation. Moreover, it promotes the develop-
ment of defective pancreatic f-cells and inflammation,
eventually leading to the onset of chronic diseases [8].

health, as they contribute to higher incidence of prema-
ture mortality [1]. According to the Global Burden of
Disease Study 2021, 529 million people have diabetes
worldwide and their number is expected to increase to
more than 1.31 billion by the year 2050 [2]. Similarly,
the incidence of cardiovascular diseases nearly doubled
from 271 million cases in 1990 to 523 million cases in
2019 [3]. Moreover, 10.8 million people died prematu-

rely in 2021 from causes associated with cardiovascu-  [pflammation is primarily a defense mechanism of the
lar diseases [4]. According to the GLOBOCAN online  jmmune system against harmful stimuli and is vital to
database, new cancer cases amounted to 20 million in health. Acute or chronic inflammatory responses in vari-
2022 and their number is expected to reach 35 million ous organ systems perpetuate tissue or organ damage.
by 2050 [5]. This leads to oxidative stress, which eventually results
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in the onset or aggravation of chronic diseases, beco-
ming a vicious circle [9].

Evidence shows that plant-based dictary patterns are
linked with a protective effect against oxidative stress
and inflammation [10]. Alongside with that, the rising
prevalence of chronic diseases has also led to a surge
in societal interest towards the consumption of healthy
foods in recent years [11]. Legumes are a main source
of plant-based foods, comprising essential nutrients re-
quired for maintaining human health [12]. Due to their
high protein content, they are considered as a cheap,
healthy, and climate-friendly alternative source of pro-
teins rich in micronutrients. The consumption of le-
gumes has numerous health benefits, including the pre-
vention and management of chronic diseases [13—15].
These benefits are more pronounced in varieties with
a darker seed coat color such as black, as they contain
higher levels of polyphenols and flavonoids, especially
anthocyanins [16].

The black bean (Phaseolus vulgaris L.) is an impor-
tant variety of the common bean belonging to the Faba-
ceae family [17]. Black beans are small kidney-shaped
seeds with a black coat and a small white spot [18]. They
are a rich source of complex carbohydrates with about
50% of total starch and 4.65% of resistant starch [19].
The protein contents in raw and cooked black beans are
reported to be 21.6 and 8.86 g/100 g, respectively. They
contain all essential amino acids with large amounts of
leucine and lysine [20]. The black bean is naturally low
in fats and rich in polyunsaturated fatty acids, important
for the heart’s health [20]. It is also an excellent source
of dietary fiber (69.2%), with soluble fiber accounting
for only 7.8% [21]. The black bean has a low glycemic
index due to its contents of complex carbohydrates, re-
sistant starch, and dietary fiber [14, 22]. With respect to
micronutrients, the black bean is a good source of folate
and minerals such as calcium, potassium, phosphorus,
magnesium, zinc, and iron [20]. Finally, the black bean
contains a variety of bioactive compounds, including
phenols, flavonoids (anthocyanins), saponins, and phyto-
sterols, which exert antioxidant and anti-inflammatory
effects [23-25].

Several studies have explored the antioxidant and anti-
inflammatory activities of black beans. However, the
diverse literature available on this topic has not been
systematized or summarized. Therefore, we aimed to
systematically review and summarize the literature on
the antioxidant and anti-inflammatory properties of the
black bean, seeking to provide valuable insights for cli-
nical applications and future research.

STUDY OBJECTS AND METHODS

Our systematic review followed the Preferred Repor-
ting Items for Systematic Review and Meta-Analysis
(PRISMA) guidelines.

Search strategy. An electronic literature search was
performed on PubMed, the Directory of Open Access
Journals (DOAJ), Google Scholar databases, and the
WHO?’s International Clinical Trial registry platform to

find in vitro, in vivo, and human studies evaluating the
antioxidant and anti-inflammatory activities of black
beans. The articles published in English before June, 12,
2024 were filtered using the following Boolean opera-
tors: “black bean AND antioxidant activity” and “black
bean AND anti-inflammatory activity”. Following the re-
commendation by Bramer ef al. [26], only the first 200 ar-
ticles obtained in the Google Scholar search results as
per relevance ranking were checked for eligibility.

Eligibility criteria. The research articles were in-
cluded based on the following inclusion and exclusion
criteria. We included full text in vitro or in vivo studies
and human studies, namely randomized controlled trials,
non-randomized clinical trials, cross-sectional studies,
and cohort studies written in English and assessing the
antioxidant and anti-inflammatory activities of the black
bean. We excluded the review articles, editorials, or artic-
les written in languages other than English.

Study selection. The literature search yielded 411 re-
search articles. Of them, 28 articles were found to be
duplicates and therefore excluded before the screening
phase. Some 383 studies were screened, of which only
38 studies matched the inclusion criteria. The numbers of
studies identified, screened, and included in the study are
presented in a flow chart adapted from PRISMA (Fig. 1).

Quality assessment of included studies. The risk of
bias was evaluated using the Quality Assessment Tool
for In Vitro Studies (QUIN tool) and the Office of Health
Assessment and Translation (OHAT) tool for in vivo
and human studies. Briefly, the QUIN tool uses 12 cri-
teria, namely: 1) clearly stated aims/objectives, 2) detai-
led explanation of sample size calculation, 3) detailed
explanation of sampling technique, 4) details of com-
parison groups, 5) detailed explanation of methodology,
6) operator details, 7) randomization, 8) method of out-
come measurement, 9) outcome assessor details, 10) blin-
ding, 11) statistical analysis, and 12) presentation of re-
sults [27]. A score of 2 was given to the articles with
adequately specified criteria. A score of 1 was given to
the articles that did not specify the criteria adequately.
A score of 0 was given to the articles with no specification
or with inapplicable criteria. A final score was obtained
using the formula [(Total score x 100) / (2 X number of
applicable criteria)] for each study to grade their risk of
bias as low (> 70%), medium (50—-70%), or high (< 50%).

The OHAT tool is a domain-based tool that is used to
assess the risk of bias in in vivo and human studies [28].
It asks the following questions to identify the following
biases:

— Selection bias: Was administered dose or exposure
level adequately randomized? Was allocation to study
groups adequately concealed? Did selection of study
participants result in appropriate comparison groups?

— Confounding bias: Did the study design or analysis acco-
unt for important confounding and modifying variables?
— Performance bias: Were experimental conditions iden-
tical across study groups? Were the research personnel
and human subjects blinded to the study group during
the study?
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Figure 1 Search strategy flow chart for articles included in this systematic review

— Attrition/Exclusion bias: Were outcome data complete
without attrition or exclusion from analysis?
— Detection bias: Can we be confident in the exposure
characterization? Can we be confident in the outcome
assessment?
— Selective reporting bias: Were all measured outcomes
reported?
— Other bias: Were there no other potential threats to in-
ternal validity (e.g., statistical methods were appropriate
and researchers adhered to the study protocol)?

For each question, the risk of bias was rated as “defi-
nitely high”, “probably high”, “probably low”, and “defi-
nitely low”.

RESULTS AND DISCUSSION

Study characteristics. Thirty-eight studies were in-
cluded in this systematic review, with 32 in vitro studies,
5 in vivo studies, and 1 human study. Most of these stu-
dies were carried out using black beans from Mexico
(12 studies), followed by the USA (8 studies), China (4 stu-
dies), Canada (3 studies), Portugal and Africa (2 studies
each), as well as India, Brazil, Spain, Czech Republic,
Malaysia, and France (1 study each).

Risk of bias. Assessing the risk of bias is a crucial
component of a systematic review that helps present the
quality of included studies and endorses transparen-
cy. The QUIN tool used for the in vitro studies showed
a high risk of bias for 7 studies, a medium risk for 24 stu-
dies, and a low risk for 1 study (Table 1). The OHAT tool
used for the in vivo and human studies showed a low risk
of bias, except for 2 studies with a high risk of selection
bias (Table 2).

Antioxidant activity. The antioxidant activity of black
beans was explored by all 32 in vitro studies (Table 3)
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and one human study (Table 4). Among the in vitro stu-
dies, 23 studies used whole black bean seeds, 6 used
seed coats, 3 used protein hydrolysates, and one study
used black bean flour. Black beans were mainly used in
the raw form (28 studies), followed by the cooked (boi-
led — 6 studies, pressure cooked — 5 studies, steamed —
4 studies), germinated (4 studies), and fermented (2 stu-
dies) forms. Two studies assessed the impact of retaining
or draining the cooking water on the antioxidant activity,
while 1 study involved cooking beans without soaking.

According to the results, the black bean demonstrated
antioxidant potential regardless of the parts of seed used
or the type of processing. Among the bean parts, the
seed coat had higher antioxidant activity due to its dark
black color [37]. It is a reservoir of bioactive compounds,
mainly, anthocyanins, flavonoids, flavonols, and tan-
nins [63], which could have attributed to the stronger anti-
oxidant activity. The proteins extracted from the black
bean seeds and subsequently hydrolyzed exhibited sig-
nificant antioxidant activity against DPPH radicals [29].

With regard to processing techniques, thermal pro-
cessing of black beans such as boiling, pressure coo-
king and steaming was found to negatively affect the
bioactive compounds and their antioxidant activities,
compared to raw beans [43, 47, 56]. However, Teixeira-
Guedes et al. [64] reported that the retention of cooking
water led to increased antioxidant activity. Cooking wa-
ter, especially boiling water, contains a greater quantity
of total polyphenols, as well as higher DPPH and ORAC
values [65], so its retention could have contributed to
higher antioxidant activity. Confirming this, a recent
study by Acito et al. [66] found that cooking water had
remarkable antioxidant activity against DPPH radical in
both boiled and pressure-cooked samples.



Priyadarshini D.R. et al. Foods and Raw Materials. 2026,14(1):123—137

Table 1 Risk of bias assessment of in vitro studies

Reference E:; 8 E g § 5 E 52 % “i § §~ E %>5 % 5 ‘*i ‘*é g 2 Tg 2 E a E :: g Final sgore/Bias
§% 5508 ES2E ©EH £ 5 % 258 83 2 % &3 % cvalaton
=2 8253 8553 28 A% T E 52 3% % s £ %
22 "5 T328 8E TZ£ EEFtoREfat e £
o 8 2 © (SIS S lé g b = 5 § % =
O = 1) e S S 2 =
o K g < [
[23] 2 0 0 2 2 2 0 2 2 0 2 2 16 66.67% Medium
[25] 2 0 0 2 2 0 0 2 0 0 2 2 12 50.00% Medium
[24] 2 0 0 2 2 0 0 2 0 0 1 2 11 45.83% High
[29] 2 0 0 2 2 2 0 2 2 0 2 2 16 66.67% Medium
[30] 2 0 0 2 2 0 0 2 0 0 0 2 10 41.67% High
[31] 2 0 0 2 2 2 0 2 2 0 2 2 16 66.67% Medium
[32] 2 0 0 2 2 2 0 2 2 0 2 2 16 66.67% Medium
[33] 2 0 0 2 2 0 0 2 0 0 2 2 12 50.00% Medium
[34] 2 0 0 2 2 2 2 2 2 0 2 2 18 75.00% Low
[35] 2 0 0 2 2 2 0 2 2 0 2 2 16 66.67% Medium
[36] 2 0 0 2 2 0 0 2 0 0 2 2 12 50.00% Medium
[37] 2 0 0 2 2 2 0 2 2 0 2 2 16 66.67% Medium
[38] 2 0 0 2 2 2 0 2 2 0 2 2 16 66.67% Medium
[39] 2 0 0 2 2 0 0 2 0 0 2 2 12 50.00% Medium
[40] 2 0 0 2 2 0 0 2 0 0 2 2 12 50.00% Medium
[41] 2 0 0 2 2 0 0 2 0 0 2 2 12 50.00% Medium
[42] 2 0 0 2 2 2 0 2 2 0o 2 2 16 66.67% Medium
[43] 2 0 2 2 2 0 0 2 0 0 2 2 14 58.33% Medium
[44] 0 0 0 2 2 0 0 2 0 0 2 2 10 41.67% High
[45] 2 0 0 2 2 0 0 2 0 0 2 2 12 50.00% Medium
[46] 2 0 0 2 2 0 0 2 0 0o 2 2 12 50.00% Medium
[47] 2 0 0 2 2 0 0 2 0 0 2 2 12 50.00% Medium
[48] 2 0 2 2 2 0 0 2 0 0 2 2 14 58.33% Medium
[49] 2 0 0 2 2 0 0 2 0 0 2 2 12 50.00% Medium
[50] 2 0 0 2 2 0 0 2 0 0 2 2 12 50.00% Medium
[51] 0 0 0 2 2 0 0 2 0 0 2 2 10 41.67% High
[52] 0 0 0 2 2 0 0 2 0 0 2 2 10 41.67% High
[53] 2 0 0 2 2 0 0 2 0 0 2 2 12 50.00% Medium
[54] 2 0 0 2 2 0 0 2 0 0 2 2 12 50.00% Medium
[55] 0 0 0 2 2 0 0 2 0 0 2 2 10 41.67% High
[56] 2 0 2 2 2 0 0 2 0 0 2 2 14 58.33% Medium
[57] 2 0 0 2 2 0 0 2 0 0 0 2 10 41.67% High
Table 2 Risk of bias assessment of in vivo studies and human study
Bias domains [58] [19] [59] [60] [61] [62]
Selection bias
1 Was administered dose or exposure level adequately randomized? ++ o+ - -- ++
2) Was allocation to study groups adequately concealed? -- -- -- -- -- -
3) Did selection of study participants result in appropriate comparison groups? na. na. na.  na na na
Confounding bias
4) Did the study design or analysis account for important confounding and modifying variables? n.a. na. na na na na
Performance bias
5) Were experimental conditions identical across study groups? ++ ++ ++ + ++ na
6) Were the research personnel and human subjects blinded to the study group during the study? -- -- -- -- -- --
Attrition/Exclusion bias
7) Were outcome data complete without attrition or exclusion from analysis? ot - + ot -
Detection bias
8) Can we be confident in the exposure characterization? ++ o+
9) Can we be confident in the outcome assessment? R S
Selective reporting bias
10) Were all measured outcomes reported? +H =+ 4+ =+ =+
Other bias
11) Were there no other potential threats to internal validity (e.g., statistical methods were appropriate and ++ ++ ++ ++ ++ ++
researchers adhered to the study protocol)?
n.a. — not applicable; n.r. — not reported; “++” — definitely low; “+” — probably low; “- - — definitely high; “-” — probably high.
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The antioxidant activity of germinated black beans
was found to vary depending on different parts of the
seed. Guajardo-Flores et al. [49] reported that the germi-
nated seed coats had stronger antioxidant capacity than
the germinated cotyledons. In another study by Lopez-
Barrios et al. [44], the cotyledons germinated for 1 day
had higher antioxidant capacity (ORAC, cellular anti-
oxidant activity and nitric oxide inhibition) than those
germinated for longer duration (day 2 to day 5). This
stronger activity can be attributed to increased total
phenols and flavonoids resulting from germination [46].
By contrast, Viktorinova et al. [36] found lower anti-
oxidant activity in germinated black bean flakes. This
could be because the thermal exposure during the fla-
king process lowered bioactive compounds and subse-
quently reduced the antioxidant activity. Fermentation,
on the other hand, was reported to be effective in in-
creasing the antioxidant capacity of black beans [31].
Liu ef al. [30] found that the antioxidant activity in-
creased with longer fermentation time. Toor et al. [67]
noted that fermentation increased total phenols in le-
gumes, leading to better antioxidant activity.

In adults with metabolic syndrome, the consumption
of black bean meal was reported to cause significant plas-
ma antioxidant activity [62]. This potential of black beans
is primarily attributed to their rich bioactive compounds,
namely phenols, flavonoids, condensed tannins, phytic
acid, and saponins [23-25, 37, 50]. These compounds are
involved in such mechanisms as hydrogen atom transfer,
single electron transfer, sequential proton loss electron
transfer, and chelation of transition metals. They can also
decrease enzymatic activity of oxidases (such as xanthine
oxidase) and stimulate enzymes (such as superoxide dis-
mutase, glutathione peroxidase, and catalase), thereby
eventually reducing free radicals and oxidants [68].

Anti-inflammatory activity. The anti-inflammatory
activity of black beans was explored by three in vitro
studies (Table 3), all five in vivo studies (Table 5), and
one human study (Table 4). Among the in vitro studies,
two used whole black bean seeds and one used the seed
coats. The form was raw in two in vitro studies and
cooked (boiled) in one study. The in vivo studies used
C57BL/6 mice (three studies), Kunming mice (one study)
and Wistar rats (one study). Three studies used whole
cooked black beans at different amounts, one study ad-
ministered black bean protein concentrate, and one study
used black bean peel extract with 40% anthocyanins.
The duration of the in vivo studies ranged between 3
to 10 weeks.

As for the in vitro studies, Oomah et al. [55] repor-
ted excellent inhibitory potential of black beans (Pha-
seolus vulgaris L. whose anti-inflammatory activity
was investigated via the Cox and Cox enzyme inhibition
assay. A recent study by Contreras et al. [23] also found
that the raw and purified black bean extracts showed
the highest inhibition against the enzymes related to
inflammation, namely iNOS, COX-1, and COX-2. Perez-
Hernandez et al. [33] reported that the raw and boiled
extracts of black bean seeds decreased the expression of
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IL6 by 20% and IL1S by 35% at 100 pg/mL in murine
macrophages, thereby exhibiting moderate anti-inflam-
matory activity.

The in vivo studies also showed the anti-inflamma-
tory activity of black beans [19, 58—61]. According to
Monk et al. [59], male C57 BL/6 mice that had consu-
med a black bean diet for 3 weeks showed lower coli-
tisinduced inflammation and no colitis-associated epi-
thelial tissue damage, which highlighted the anti-inflam-
matory and colon priming potential of black beans.
In another study by Sanchez-Tapia et al. [69], male Wis-
tar rats had lower NF-kB protein in the colon after a
black bean diet. This transcription factor is the central
mediator of inflammation, so its reduction is beneficial.
A recent study by Tan ef al. [58] also reported a signifi-
cant reduction in all inflammatory and anti-inflammatory
cytokines in C57BL/6J male mice whose high fat diet
was supplemented with black beans (20%).

The beneficial antiinflammatory effect of black beans
is attributed to the polyphenols that improve inflam-
mation-induced intestinal barrier dysfunction [70]. Be-
sides, Rivera-Jimenez et al. [71] stated that peptides
and protein hydrolysates also contribute to the anti-
inflammatory effects.

However, the human-randomized, control, crossover
trial showed no significant increase in the pleiotropic
proinflammatory cytokine IL-6 (Interleukin-6) after a
single black bean meal [62]. Further long-term studies
are needed to extensively explore the black bean as an
anti-inflammatory agent and to shed a clear light on the
reported association.

CONCLUSION

Black beans evidently exhibit excellent antioxidant
and anti-inflammatory activities due to their rich and di-
verse bioactive compounds.

Future studies should focus on assessing the long-
term effects of black beans on adults with, or at risk of,
diabetes, cardiovascular diseases, or cancer. More re-
search is needed to explore the potential of germinated
and fermented black beans.
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