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ABSTRACT

Diabetes is a chronic disease that affects several people around the world. Some domesticated crops 
in South America have been reported to be a promising source of bioactive compounds with possible 
hypoglycemic effects. In this review we aimed to explore and synthesize the existing evidence in the 
scientific literature on the hypoglycemic effect of Andean crops and their bioactive components. We 
included different types of primary studies from three databases (Scopus, Pubmed and Web of Science) 
during June 2023, without restrictions, by means of controlled and uncontrolled language, according to 
the PICO strategy. We found 30 studies conducted between 2005 and 2022 that reported a hypoglycemic 
effect, through enzymatic inhibition in in vitro studies and significant glucose reduction in preclinical 
studies and clinical trials. This effect was attributed to different bioactive components that were iden-
tified with independent mechanisms related to glucose reduction and enzymatic inhibition. The most 
commonly used cultures were Smallanthus sonchifolius (9/30), Lupinus mutabilis (5/30) and Solanum 
tuberosum (4/30). The hypoglycemic effect was assigned to bioactive components such as polyphenols, 
flavonoids, phenolic acid subclasses, fructans, alkaloids, hydrolysates, anthocyanins and dietary fiber. 
Despite encouraging results from different types of studies, further research on their mechanisms of ac-
tion, their efficacy compared to conventional treatments and their long-term safety is required for these 
to be considered safe and effective treatments.

Keywords: Food; Hypoglycemic Agents; Nutritional Sciences; Andean Ecosystem; Review (source: 
MeSH NLM).

INTRODUCTION

Diabetes mellitus is a chronic disease that affects a large number of people worldwide, and 
has a significant impact on public health (1,2). Given this situation, accessible and effective 
solutions that contribute to optimize the quality of life of affected people are required. In this 
environment, some crops that are domesticated and shared throughout the South American 
continent have emerged as a promising source of bioactive components with possible hypo-
glycemic effects (3-5), which creates future opportunities for the development of health strate-
gies that include these crops in the diet of the population. Despite having found systematic 
reviews and clinical trials related to the hypoglycemic effect of certain Andean crops, a sco-
ping review is still relevant, because the scientific evidence in this area is constantly evolving, 
so new studies could have been published since the last review, providing more updated and 
recent results about the efficacy of these crops in blood glucose control.

Furthermore, this scoping review not only incorporates specific studies on the topic, but 
also includes quality information from several sources, such as specialized journals, high-im-
pact databases and scientific papers. This broader approach makes it possible to identify 
existing evidence from the scientific literature and possible gaps in current knowledge. This 
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could inspire new researchers to conduct studies and clinical 
trials focused on Andean crops and their favorable effects on 
glycemia, ultimately enriching the current understanding of 
what is already known.

This review was carried out to explore and synthesize 
the existing evidence in the scientific literature on the hypo-
glycemic effect of Andean crops and their bioactive compo-
nents. The following research question was posed: What is 
the extent of the available evidence and what conclusions 
can be drawn from the hypoglycemic effect of Andean crops 
and their bioactive components?

MATERIALS AND METHODS

This review was reported according to the Preferred Repor-
ting Items for Systematic Reviews and Meta-Analyses Exten-
sion for Scoping Reviews (PRISMA-ScR) (6).

Eligibility criteria
This review included all types of primary studies available at 
the time of the search that evaluated the hypoglycemic effect 
of domesticated and/or shared Andean crops throughout 
the South American continent. Secondary studies were ex-
cluded from the evidence synthesis, but were used to identi-
fy information and compare results.

Andean crops
Andean crops are defined as food crops that, according to 
their botanical characteristics, can be classified as tubers, 
roots, grains and fruits (7). The Andean Mountain range is 
made up of mountain chains located on the western coast 
of South America across seven countries: Argentina, Boliv-
ia, Chile, Colombia, Ecuador, Peru and Venezuela (8). Based 

on this and on preliminary in vitro studies (9-19), this scoping 
review considered 10 Andean crops, in order to explore and 
synthesize the available evidence on their hypoglycemic effect, 
as well as their bioactive components (Table 1).

Information sources
We searched three databases (Scopus, PubMed, and Web of 
Science) from June 10 to June 24, 2023. There were no res-
trictions on year, language or publication status.

Search
The search strategy included controlled and uncontrolled 
language according to the PICO strategy (20) (Supplementary 
Table 1). The complete search strategy is available in Supple-
mentary Table 2. 

Selection of studies
We imported the studies into the Zotero reference manager 
(v.6.0.26) for elimination of duplicate records, then data was 
exported to the Rayyan software (21) for review. When the 
complete version of an article was not found, we contacted 
the corresponding author by e-mail. Review by title and abs-
tract was performed separately by two reviewers (DDN and 
BRT). These same reviewers examined the selected studies 
by full text and justified the reason for any exclusions. Disa-
greements about study selection were resolved by consensus.

Data extraction process
Two reviewers (DDN and BRT) separately extracted data 
with the help of a standardized data extraction form that 
was tested earlier. The corresponding author was contacted 
by e-mail when additional data were needed. Any disagree-
ments were resolved by consensus.

N° Crop Type Scientific name Botanical family
1 Cañihua (7) Grains Chenopodium pallidicaule Quenopodiácea
2 Kiwicha (7) Grains Amaranthus caudatus Amarantácea
3 Maca (7) Roots Lepidium meyenii Crucífera
4 Quinua (7) Grains Chenopodium quinoa Quenopodiácea
5 Yacon (7) Roots Smallanthus sonchifolius Asterácea
6 Tarwi (7) Legumes Lupinus mutabilis Fabácea
7 Aguaymanto (7) Fruits Physalis peruviana Solanácea
8 Purple corn (54) Grains Zea mays L. Poacea
9 Potato (7) Tubers Solanum tuberosum Solanácea

10 Lucuma (7) Fruits Pouteria lucuma Sapotácea

Table 1. Andean crops included in the review.
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Data items
The following data were extracted: first author, year of pu-
blication, country, type of study, study design, evaluated An-
dean crop, concentration/dose, estimated indicator, groups 
compared, effect size, bioactive component and p-value. In 
the in vitro studies, we replaced the compared groups by 
experimental concentration and effect size by the effective 
inhibitory response. Other data and the full version of the 
form are available in the supplementary tables (3, 4 and 5).

Synthesis of results
The extracted data were managed and summarized in a na-
rrative and tabular manner.

RESULTS

Study selection
Out of the total number of studies (n=393), we eliminated 
duplicate records (n=142) and excluded other studies when 
reviewed by title and abstract (n=190). The remaining stu-
dies were reviewed by full text (n=61), but not all were re-
trieved (n=5) and others were excluded because of incom-
plete methodology (n=11), foreign language not available 
in English (n=1), incorrect population (n=1), wrong study 
design (n=7) and other variety of crop (n=6). Finally, 30 stu-
dies were included in this review (Figure 1).

Characteristics of the studies
The main characteristics of the included studies are shown 
in Table 2. Only the crops we chose for this review that 
showed the best hypoglycemic effect are shown in the An-
dean crop and concentration/dose column; this also applies 
to the concentration/dose. However, the complete and ad-
ditional characteristics are described in the supplementary 
tables (3, 4 and 5). We identified 11 in vitro studies (9-19), 16 
preclinical studies (22-37) and three clinical trials (38-40) among 
the 30 reviewed studies. 

Individual study results
Tables 3, 4 and 5 present the results for each source of evi-
dence related to the Andean crops shown to have a hypogly-
cemic effect and their bioactive components. The analyzed 
effect was calculated through the change of the indicator 
in the longitudinal studies and the difference of means in 
the cross-sectional studies. The compared groups and the 
analyzed effect were not presented for the in vitro studies, 

but these were changed to experimental concentration and 
effective inhibitory response, respectively.

Summary of results
The studies we included in this review were published between 
2005 and 2022. The years with the highest scientific production 
were 2018 (14,22,26,35), 2019 (19,24,25,38) and 2021 (9,15,30,36). Particularly, 
there was a higher number of preclinical studies in 2018 and 
2019 (n=3 and n=2, respectively), while in 2021 there was an 
equal distribution between preclinical and in vitro studies (n=2, 
for both types of studies). According to the countries that con-
ducted these studies, Brazil (n=5) led had the highest number 
of investigations (11,13,28,34,37), followed by Peru (15,16,32), India (23,27,30) 

and Ecuador (38-40) (n=3, for each country). Regarding the type of 
document, the majority of the studies were published as articles 
(29/30), and only one was presented as a conference paper (26).

The most commonly used Andean crop was Smallanthus 
sonchifolius or yacon, with a total of nine studies (9,12,26,28,31-34,37), 
followed by Lupinus mutabilis or tarwi (n=5) (16,35,38-40), Solanum 
tuberosum or potato (n=4) (14,24,25,27) and Chenopodium quinoa 
or quinoa (n=3) (15,18,30).

Andean crops with hypoglycemic effect
The 30 included studies showed evidence of the hypogly-
cemic effect of the different Andean crops selected for this 
review. However, due to their heterogeneity, it was not con-
venient to present the data in a comprehensive manner. The-
refore, in order to improve the understanding of the results, 
the information is presented separately in this section and is 
expanded in detail in Supplementary Tables 3, 4 and 5.

The hypoglycemic effect was verified in the in vitro studies 
through enzymatic inhibition in all cases. We identified the fo-
llowing enzymes: α-amylase, α-glucosidase and dipeptidyl pepti-
dase IV (DPP-IV), with α-glucosidase (5/11) standing out as the 
most effective (10,11,13,17,18). The results are presented as the mean in-
hibitory concentration (IC50) and the percentage reduction in en-
zyme activity. For each study, the hypoglycemic effect was attribu-
ted to one of the Andean crops selected for this review, highlighting 
Pouteria lucuma (10,11), Smallanthus sonchifolius (9,12) and Chenopo-
dium quinoa (15,18) as the most used (2/11, for each crop). One study 
did not specify data related to concentrations (18). The rest reported 
the hypoglycemic effect, using the percentage reduction with the 
highest concentration (10,11,13,17).

The hypoglycemic effect was verified in the preclini-
cal studies through laboratory tests, such as fasting glucose, 
blood glucose, plasma glucose, serum glucose, glycemia and 
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Figura 1. Diagrama de flujo de la selección de estudios.

glycosylated hemoglobin (A1C), with the fasting glucose test 
being the most commonly used (6/16) (23,25,26,29-31). A large part 
of the preclinical studies confirmed the hypoglycemic effect 
by statistical significance (p<0.05), this by using the compared 
groups and the effect size of each study. Regarding the compa-
red groups, most of the studies had a control and experimen-
tal group (12/16), however, some studies only had one group, 

in which the comparison was made by measurements before 
and after the intervention (23,30-32). The animals presented in-
duced diabetes in all groups and measurements compared. 
Smallanthus sonchifolius (7/16) was the most frequent Andean 
crop; a study reported that it could be combined with Anacar-
dium occidentale L. (cashew) to create a functional beverage 
(28). Finally, hypoglycemic effects were found in response to di-
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fferent doses, most studies reported using a single dose (9/16). 
In other cases, these effects were reported with the highest 
(4/16), medium (2/16), and only one report mentioned the 
desired effect with the lowest dose (28).

As for the clinical trials, the laboratory tests used to 
verify the hypoglycemic effect were A1C and blood gluco-
se, the latter being the most used (2/3) (39,40). Similar to the 

preclinical studies, the hypoglycemic effect was confirmed 
through statistical significance with p values less than 0.05. 
Group comparisons were made on this basis and the effect 
size was estimated. Importantly, when comparing different 
groups, we found that population-specific control groups 
were formed in one study (40). However, the evaluation of the 
analyzed effect was carried out by taking repeated measu-

N° First author Year Country Type of study Design Andean crop Concentration / dose

1 Zambrana (22) 2018 Bolivia Preclinical EPCT a Amaranthus caudatus 1000 mg/kg/bw

2 Girija (23) 2011 India Preclinical EPCADT b Amaranthus caudatus 400 mg/kg/ bw

3 Strugala (24) 2019 Poland Preclinical EPCT a Solanum tuberosum 165 mg/kg/ bw

4 Asokan (25) 2019 Vietnam Preclinical EPRCADT c Solanum tuberosum 50 mg/kg/ bw

5 Widowati (9) 2021 Indonesia In vitro IVEIS d Smallanthus sonchifolius 6,25-200 μg/ml

6 Herowati (26) 2018 Indonesia Preclinical EPCADT b Smallanthus sonchifolius 150 mg/kg/ bw

7 Singh (27) 2005 India Preclinical EPCT a Solanum tuberosum 10 % p/p i

8 Dionisio (28) 2015 Brazil Preclinical EPCT a
Smallanthus sonchifolius y 
Anacardium occidentale L.

100 mg/kg/ bw

9 Fuentealba (10) 2016 Chile In vitro IVEIS d Pouteria lucuma 40 μg (FH j)/2 mg (FL k)

10 Fornasini (38) 2019 Ecuador Clinical trial ECCC e Lupinus mutabilis 10 and 20 g

11 Pinto (11) 2009 Brazil In vitro IVEIS d Pouteria lucuma 50 mg/ml

12 Russo (12) 2015 Italy In vitro IVEIS d Smallanthus sonchifolius 0-8 mg/ml

13 Ranilla (13) 2009 Brazil In vitro IVEIS d Zea mays L. 5 mg

14 Valderrama (29) 2022 Colombia Preclinical EPRCADT c Physalis peruviana 100 mg/kg/ bw

15 Gopika (30) 2021 India Preclinical EPCADT b Chenopodium quinoa 250 mg/kg/ bw

16 Genta (31) 2010 Argentina Preclinical EPRCT f Smallanthus sonchifolius 10 mg/kg/ bw

17 Baldeón (39) 2012 Ecuador Clinical trial ECAFII g Lupinus mutabilis 2.5 mg/kg/ bw

18 Fornasini (40) 2012 Ecuador Clinical trial RPCCT h Lupinus mutabilis 3.1 mg/kg/ bw

19 Vargas (32) 2020 Peru Preclinical EPRCADT c Smallanthus sonchifolius 140 mg/kg/ bw

20 Park (33) 2009 South Korea Preclinical EPCT a Smallanthus sonchifolius 200 and 10 mg/kg/ bw

21 Oliveira (34) 2013 Brazil Preclinical EPRCT f Smallanthus sonchifolius 760 mg/kg/ bw

22 Kalita (14) 2018 USA In vitro IVEIS d Solanum tuberosum 10-200 μg/ml

23 Coronado (15) 2021 Peru In vitro IVEIS d
Chenopodium quinoa y 

Chenopodium pallidicaule
50-500 μg/ml

24 Zambrana (35) 2018 Bolivia Preclinical EPCT a Lupinus mutabilis 1000 mg/kg/ bw

25 Chirinos (16) 2020 Peru In vitro IVEIS d Lupinus mutabilis 1-6 mg protein/ml

26 Ranilla (17) 2010 Chile In vitro IVEIS d Lepidium meyenii 2.5 mg

27 Ezzat (36) 2021 Egypt Preclinical EPCADT b Physalis peruviana 100 mg/kg/ bw

28 Tan (18) 2020 China In vitro IVEIS d Chenopodium quinoa Not specified 

29 Zhang (19) 2019 USA In vitro IVEIS d Zea mays L. 0.05-1.0 mg/ml

30 Dos Santos (37) 2017 Brazil Preclinical EPRCT f Smallanthus sonchifolius 100 mg/kg/bw

Table 2. Characteristics of the included studies.

bw: body weight.

a EPCT: experimental preclinical controlled trial; b EPCADT: experimental preclinical controlled antidiabetic drug trial; c EPRCADT: experimental 
preclinical randomized controlled antidiabetic drug trial; d IVEIS: in vitro enzyme inhibition study; f EPRCT: experimental preclinical randomized 
controlled trial; g RCT: randomized phase II clinical trial; h RPCCT: randomized placebo-controlled phase II clinical trial.
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res in the same group, both before and after treatment. Most 
of these studies evaluated diabetic patients (38,39), and one of 
them included patients with glycemic imbalance ≥ 100 mg/
dl (40). Lupinus mutabilis was the Andean crop selected in all 
clinical trials. In one of those clinical trials, the hypoglyce-
mic effect was reported through the use of two different do-
ses: 10 g during the first 14 weeks and 20 g after the following 
14 weeks of intervention (38). The rest of the studies indicated 
the doses used in milligrams per kilogram of body weight 
(mg/kg/bw) with a single dose (39,40).

Bioactive components of Andean crops
In this review, we identified several phytochemicals in se-
lected Andean crops. Polyphenols stand out among them, 
including flavonoids and anthocyanins. Likewise, one of 
the studies noted the presence of unknown phenols in the 
analyzed Andean crop. Hydrolysates, polysaccharides such 
as fructooligosaccharides (FOS) and fructans, alkaloids and 
dietary fiber were also found. These phytochemicals are clas-
sified as bioactive components, due to their favorable effects 
on human health and their ability to interact with the body’s 
biological processes (41).

As for polyphenols (13,14,22,26-28,31,32,37), we found subclasses of 
phenolic acids, such as 4,5-di-O-CQA and 3,5-di-O-CQA (12), 
chlorogenic acid (15,33) and gallic acid (15,17,36). However, unknown 

phenols were detected in one of the studies (11). Flavonoids 
(9,19,23,26,29,37) and anthocyanins (14,24) were also found.

Hydrolyzates were also identified, such as the protein 
of Solanum tuberosum and its derived decapeptide (25). Li-
kewise, hydrolyzates of Lupinus mutabilis were determined 
(16,38). Some types of polysaccharides (18) were reported, such 
as FOS (28) and fructans (34). Alkaloids (35,39,40) and dietary fi-
ber (27) were found as well. However, two studies did not 
specify the bioactive component (10,30).

DISCUSSION

This scoping review identified 30 primary studies that eva-
luated the hypoglycemic effect of selected Andean crops up 
to June 2023.

Despite having found systematic reviews and in some ca-
ses meta-analyses that evaluated the hypoglycemic effect of 
different Andean crops in recent years, we noted that these 
reviews were focused on crops that were not selected in this 
review, such as Ipomea batatas (sweet potato) in 2021 (42), 
Cuminum cyminum (cumin) in 2021 (43), Sesamum indicum 
(sesame) in 2022 (44), and Morus alba (mulberry) in 2023 (45). 
Similarly, we found a recent review on Moringa oleifera (mo-
ringa) (46) which was also used as a supplement in one of the 
studies (32), but this review was published just after that study 

N° First author Estimated indicator Experimental 
concentration Effective inhibitory response Bioactive component

1 Widowati (9) Enzymatic α-amylase inhibition 6.25-200 μg/ml IC50 37.86 μg/ml Flavonoids

2 Fuentealba (10) Enzymatic inhibition of 
α-glucosidase. 40 μg (HF)/2 mg (LF) 95.9 ± 2.8% Not specified

3 Pinto (11) Enzymatic inhibition of 
α-glucosidase. 50 mg/ml 80% Unknown phenols

4 Russo (12) Enzymatic α-amylase inhibition 0-8 mg/ml IC50 0.26 ± 0.02 mg/ml 4,5-di-O-CQA a y 3,5-di-O-CQA b

5 Ranilla (13) Enzymatic inhibition of 
α-glucosidase. 5 mg 51% Phenols

6 Kalita (14) Enzymatic α-amylase inhibition 10–200 μg/ml IC50 25.52 ± 0.79 μg/ml Phenols and anthocyanins

7 Coronado (15) Enzymatic α-amylase inhibition 50-500 μg/ml IC50 8.30 ± 0.27 mg/ml Gallic and chlorogenic acid

8 Chirinos (16) DPP-IV enzyme inhibition 1-6 mg protein/ml IC50 2.13 ± 0.02 mg protein/ml Protein hydrolysates

9 Ranilla (17) Enzymatic inhibition of 
α-glucosidase. 2.5 mg 34.7% Gallic acid

10 Tan (18) Enzymatic inhibition of 
α-glucosidase. Not specified IC50 48.67 ± 0.65 mg/ml Polysaccharides

11 Zhang (19) DPP-IV enzyme inhibition 0.05-1.0 mg/ml IC50 65.5 μg/ml Quercetin, luteolin and rutin

Table 3. Evidence on Andean crops with hypoglycemic effect and their bioactive components in in vitro studies.

DPP-IV: dipeptidyl peptidase-IV; HF: hydrophilic fraction; LF: lipophilic fraction; IC50, 50% inhibitory concentration.
a 4,5-di-O-CQA: 4,5-di-O-caffeoylquinic acid; b 3,5-di-O-CQA: 3,5-di-O-caffeoylquinic acid.
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was completed. This event exemplifies the continuing evo-
lution of new research in this field, and there is a possibility 
that other relevant studies have continued to explore these 
issues or have provided more current results on the efficacy 
of Andean crops in glycemic control.

Smallanthus sonchifolius was found to be the crop with 
the best evidence of hypoglycemic effect (9/30), and its lea-
ves were described as the most useful part (9,12,26,31,32,37). In 
addition, we found that the articles were published between 
2009 and 2021. Brazil (3/9) was the country with the most 

N° First author Estimated indicator Compared groups Analyzed effect Bioactive 
components p-value

1 Zambrana (22) Fasting glucose
Control (+): 9,5 mmol/L

Treatment (+): 8 mmol/L
-1.5 mmol/L (15.8%) Polyphenols < 0.01

2 Girija (23) Blood glucose
Treatment (Pre) (+): 350 mg/dl

Treatment (Post) (+): 156.6 mg/dl
-193.4 mg/dl (55.2%) Flavonoids < 0.01

3 Strugala (24) Glycosylated 
hemoglobin

Control (+): 8.6%

Treatment (+): 7.9%
-0.7% (8.1%) Anthocyanins < 0.01

4 Asokan (25) Blood glucose
Control (+): 436 mg/dl

Treatment (+): 74 mg/dl
-362 mg/dl (83%) PPHA a and 

DDPPHA b < 0.001

5 Herowati (26) Blood glucose
Control (+): 215.64 ± 7.19 mg/dl

Treatment (+): 182.36 ± 1.98 mg/dl
-33.28 mg/dl (15.4%) Flavonoids and 

polyphenols < 0.05

6 Singh (27) Plasma glucose
Control (+): 320 mg/dl

Treatment (+): 213 mg/dl
-107 mg/dl (33.4%) Dietary fiber and 

polyphenols < 0.05

7 Dionisio (28) Plasma glucose
Control (+): 414 mg/dl

Treatment (+): 220 mg/dl
-194 mg/dl (46.9%) Phenols and FOS c < 0.05

8 Valderrama (29) Blood glucose
Control (+): 429 mg/dl

Treatment (+): 290 mg/dl
-139 mg/dl (32.4%) Flavonoid rutin < 0.001

9 Gopika (30) Blood glucose
Treatment (Pre) (+): 380 ± 86.87 mg/dl

Treatment (Post) (+): 126.66 ± 28.12 mg/dl
-253.34 mg/dl (66.6%) Not specified -

10 Genta (31) Blood glucose
Treatment (Pre) (+): 366 mg/dl

Treatment (Post) (+): 148 mg/dl
-218 mg/dl (59.5%) Phenolic 

compounds -

11 Vargas (32) Glycemia
Treatment (Pre) (+): 398 mg/dl

Treatment (Post) (+): 116.5 mg/dl
-281.5 mg/dl (70.7%) Polyphenols 0.002

12 Park (33) Fasting plasma glu-
cose

Control (+): 318 mg/dl

Treatment (+): 271 mg/dl
-47 mg/dl (14.8%) Chlorogenic acid < 0.05

13 Oliveira (34) Glycemia
Control (+): 373,51 ± 45.05 mg/dl

Treatment (+): 230,22 ± 18.80 mg/dl
-143.29 mg/dl (38.4%) Fructans < 0.05

14 Zambrana (35) Fasting glucose
Control (+): 10 mmol/L

Treatment (+): 8 mmol/L
-2 mmol/L (20%) Alkaloids < 0.001

15 Ezzat (36) Serum glucose
Control (+): 388 mg/dl

Treatment (+): 147 mg/dl
-241 mg/dl (62.1%) Gallic acid < 0.05

16 Dos Santos (37) Glycemia
Control (+): 300 mg/dl

Treatment (+): 105 mg/dl
-195 mg/dl (65%) Phenolic acids and 

flavonoids < 0.001

Table 4. Evidence on Andean crops with hypoglycemic effect and their bioactive components in preclinical studies.

(+): induced diabetic animals. 

a PPHA: potato protein hydrolysate generated by alkalase; b DDPPHA: decapeptide derived from potato protein hydrolysate generated by alkalase; c FOS: 
fructooligosaccharides.
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research on the crop described (28,34,37). Regarding the type of 
study, most were preclinical (7/9) (26,28,31-34,37). Regarding their 
bioactive components, polyphenols (26,28,31,32,37) and subclasses 
of phenolic acids (12,33) were reported by several studies, as 
well as flavonoids (9,26,37) and fructans (28,34).

Lupinus mutabilis was in second place (5/30) and it was 
the mostly used whole grain (16,38-40). These studies were pu-
blished between 2012 and 2020, with the greatest amount of 
scientific production in 2012 (39,40). The country that carried 
out these studies most consistently was Ecuador (38-40). In all 
these studies, this effect was attributed to several bioactive 
components of this crop, being alkaloids (35,39,40) the most re-
current, and to a lesser extent hydrolysates (16,38).

The third most frequently studied crop was Solanum tu-
berosum (4/30), and it was the same crop that was shown to 
be most effective against hyperglycemia (14,24,25). The year of 
publication ranged from 2005 to 2019, the latter being the 
one in which the most studies were conducted (24,25). As for 
the countries that conducted these studies, no consistency or 
repetition was identified. However, the most common type 
of study was preclinical (24,25,27). In each study, bioactive pro-
perties were assigned to the different components, some of 
which were present in several reports and included antho-
cyanins (14,24), dietary fiber and polyphenols (14,27), as well as 
protein hydrolysates (25).

Concerning the mechanisms of action of the hypogly-
cemic effects, we found that some components were rela-
ted to this result. For example, Smallanthus sonchifolius has 
been the subject of study due to the presence of FOS, and 
a possible explanation for this phenomenon was proposed 
based on the fermentation of FOS in the large intestine by 
lactobacilli. This condition causes the production of short-
chain fatty acids and gases beneficial to health. Similarly, the 
presence of FOS and the activity of lactobacilli stimulate the 

production of intestinal hormones, such as GLP-1 peptide, 
which also contributes to the hypoglycemic effect. In vitro (47) 

and in vivo (48,49) studies using mouse and guinea pig models 
support these findings.

Furthermore, a different study reported that flavonoids 
and their subclasses, that were also identified in the Andean 
crops selected for this review, have been shown to be effec-
tive in reducing glucose, and the mechanism of action that 
would explain this fact was that they enable the survival and 
function of pancreatic β-cells through molecular mechanis-
ms that involve the reduction of oxidative stress, increase in 
the expression of some antiapoptotic genes, reduction of the 
expression of proapoptotic genes, as well as DNA damage, 
so that all these actions together protect the pancreatic cells 
against autophagy, apoptosis, necroptosis and cell damage in 
situations of hyperglycemia (50).

Another bioactive component found in several of the 
Andean crops were polyphenols. Their mechanism of action 
was addressed by a review study, which reported that phe-
nolic metabolites derived from phenols, and phenolic acids, 
can help decrease levels of reactive oxygen species (ROS), 
inflammation, protein glycation, inhibition of key enzymes 
in carbohydrate metabolism in type 2 diabetes, increase 
expression of the glucose transporter GLUT4, and activate 
pathways responsible for insulin signaling and secretion, 
which together improve blood glucose levels (51).

Likewise, a study explained the mechanism by which 
alkaloids exert hypoglycemic effect, it focused on the alka-
loid berberine found in several plants, which improves the 
enzymatic activity of Hexokinase and Phosphofructokina-
se, implying that these enzymes work more efficiently to 
carry out their specific reactions in the metabolism of glu-
cose (52). Finally, another study (34) reported that fructans 
were non-digestible compounds capable of improving the 

N° First author Estimated 
indicator Compared groups Analyzed 

effect
Bioactive 

component Valor de p

1 Fornasini (38) Glycosylated 
hemoglobin

Treatment (Pre) (+): 6.5 ± 0.6%
Treatment (Post) (+): 6.3 ± 0.7%

-0.2% 
(3%)

Hydrolyzed <0,050

2 Baldeón (39) Blood glucose
Treatment (Pre) (+): 114.4 ± 27.2 mg/dl
Treatment (Post) (+): 98.1 ± 21.6 mg/dl

-16.3 mg/dl 
(14.2%) Alkaloids <0,001

3 Fornasini (40) Blood glucose
Treatment (Pre) (GI):  114.2 ± 11.6 mg/dl
Treatment (Post) (GI): 105.4 ± 5.6 mg/dl

-8.8 mg/dl 
(7.7%) Alkaloids <0,001

Table 5. Evidence on Andean crops with hypoglycemic effect and their bioactive components in clinical trials.

(+): diabetic patients; (GI): patients with glycemic imbalance ≥ 100 mg/dl.

(+): diabetic patients; (GI): patients with glycemic imbalance ≥ 100 mg/dl.
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hyperglycemia condition by modifying the rate of absorp-
tion of monosaccharides (53).

On the other hand, our results are congruent with other studies 
that analyzed the hypoglycemic effect of different crops, including 
sesame (44), which had a favorable effect on blood glucose levels in 
a systematic review and meta-analysis of controlled clinical trials. 
Another study also reported (45) this effect, particularly on the glyce-
mic traits of mulberry leaf, they found that these antidiabetic proper-
ties were attributed to some phytochemicals that were also reported 
in our review, such as polysaccharides in Chenopodium quinoa (18), 
flavonoids in Smallanthus sonchifolius (9,26,37) and phenols in Solanum 
tuberosum (14,27).

Similarly, a systematic review documented the potential 
effects of sweet potato on hyperglycemia and dyslipidemia 
in the context of diabetic retinopathy (42). Another study 
detailed the ability of moringa to improve glucose control 
to prevent diabetes and related metabolic disturbances by 
comprehensively reviewing animal and human studies (46). 
Finally, a systematic review and meta-analysis that included 
controlled clinical trials, which analyzed the effectiveness on 
glycemic parameters of cumin (43), concluding that this her-
bal species had ameliorating effects on fasting blood glucose, 
hemoglobin A1C, homeostatic model assessment for β-ce-
ll function (HOMA-β), and quantitative insulin sensitivity 
check index (QUICKI).

We found only three clinical trials with different types of 
design, only two reported having been randomized and pha-
se II (39,40). For this reason, the gaps in the current knowledge 
on the subject in question are significant and could affect 
the interpretation and generalization of the results based on 
the clinical trials, due to their small number, limited parti-
cipants, absence of more advanced phases, comparison with 
other treatments and lack of long-term follow-up.

Based on the above, it is important to highlight that 
although there are systematic reviews and, in some cases, 
meta-analyses, very few of them have analyzed the Andean 
crops that were selected for this review, despite having de-
monstrated hypoglycemic effects in several types of studies 
carried out. Therefore, these findings could inspire new re-
searchers in the development of more studies, in order to 
enrich the current understanding and provide valuable in-
formation that will benefit the scientific community and 
people seeking natural and effective options for blood glu-
cose management.

We identified some accessible and effective solutions that 
would contribute to improve the quality of life of people with 

diabetes, because the Andean crops we chose are a source 
of natural resources that have been traditionally used in the 
region for years, that is, they are widely available to the local 
community, and future research would facilitate their imple-
mentation in the diet of diabetic people. Furthermore, apart 
from having found that the bioactive components of Andean 
crops were responsible for the hypoglycemic effect, we also 
found that multiple health benefits, such as antioxidant and 
anti-inflammatory properties that could open new possibi-
lities to improve the health of these people and their related 
complications.

Last but not least, it is necessary to mention some future 
perspectives for the development of health strategies related 
to this problem, such as access to cheaper treatments, diver-
sification of therapeutic options, potential reduction of side 
effects, stimulation of research, promotion of a healthy diet 
and promotion of agricultural sustainability.

There is a possibility that some Andean crops were not 
included in the review, but as we explained above, the se-
lection criteria were based on the conceptual review of the 
scientific literature, therefore, the most commonly used do-
mesticated and shared Andean crops throughout the South 
American continent in the evaluation of hypoglycemic effec-
tiveness were included. In addition, the heterogeneity of the 
studies hindered drawing conclusions that could be applied 
in a general way, since certain data were not found for some 
variables, due to the different design and methodology. Ano-
ther limitation is the exclusion of other sources of informa-
tion, such as gray literature, which probably omitted some 
relevant studies for this review. Finally, since the included 
studies were not critically assessed, the number of studies 
would be reduced in a systematic review.

This scoping review on the evidence of Andean crops 
with hypoglycemic effect reveals encouraging results due to 
their remarkable in vitro inhibition, as well as the significant 
reduction of glucose levels reported by preclinical studies 
and clinical trials. Despite having identified more effective 
strains and optimal doses, these crops prove to be promi-
sing natural resources for glucose management and diabetes 
treatment. The many bioactive components found, such as 
polyphenols, phenolic acids, hydrolysates, polysaccharides, 
alkaloids and dietary fiber, have been attributed to this hypo-
glycemic effect. However, for these results to be considered 
safe and effective treatments, further research is required to 
assess the mechanisms of action, compare their efficacy with 
conventional treatments and evaluate their long-term safety.
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