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The evolution of research literature on monk fruit extract and mogroside as
sweeteners has yet to be investigated. No study has evaluated this literature from
a bibliometric perspective. This bibliometric study analyzed the relevant research
literature indexed in Web of Science, to unveil its growth and the most productive
authors, institutions, countries, journals, and journal categories. In addition, this
study aimed to identify the recurring themes of the literature. On July 2023,
the Web of Science Core Collection database was accessed with the following
search query: TS=(*mogroside* OR “luo han guo” OR “lo han kuo” OR "monk
fruit*” OR "monkfruit*” OR "Siraitia grosvenorii’) AND TS=(sweet*). The search
identified publications mentioning these terms in their title, abstract, or keywords.
Only articles and reviews were included. No additional filters were placed on
publication year, language, etc. Basic publication and citation frequency counts
were recorded directly from the database. The complete record of the publications
were exported into VOSviewer and CRExplorer, for visualization of recurring terms
and identification of commonly cited references, respectively. The search yielded
155 publications. Publication and citation counts have increased steadily since the
2010s. The most productive authors and institutions were mostly based in Asian
countries, such as China, Japan, and Singapore. Nearly half of the publications had
contributions from China and were published in journals concerning food science
technology. The health effects and biosynthesis of mogrosides were the recurring
themes among the top 10 most cited publications. Most of the health effects, such
as anti-hyperglycemic, anti-hyperlipidemic, and anti-diabetic properties, were
demonstrated in animal models with limited evidence from clinical trials. Future
studies should focus on testing in humans. Since monk fruit extracts were generally
recognized as safe (GRAS) according to the Food and Drug Administration (FDA),
the affirmation of these health benefits in humans by future studies should advocate
its use in the food industry and the society to generally improve the public health.

non-nutritive sweetener, mogroside, monk fruit, bibliometric, RPYS, VOSviewer

Introduction

Monk fruit extract is a natural sweetener derived from the fruit of the monk fruit tree (Siraitia
grosvenorii), also known as “Luo Han Guo” or “Lo Han Kuo” in some papers. It is believed that the
monk fruit has been cultivated in massive scale exclusively in the southern part of China, mostly
in the mountainous areas of Guilin of the Guangxi Province (1, 2). After filtering out sugars such
as fructose and glucose, monk fruit extract on the market is a non-nutritive sweetener that has
gained popularity recently due to its sweetness and potential health benefits. This is especially
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relevant, as nowadays health authorities, food engineers, scientists, and
health insurers advocated that consumers should maintain a balanced
diet to sustain human health and prevent illnesses (3).

The sweetness of monk fruit extract comes from its high
concentration of mogrosides, a group of glycoside of cucurbitane
derivatives found in the fruit (4). Many of these compounds are much
sweeter than sugar but do not contain any calories. For instance,
mogroside V is the major component with approximately 250 times of
sweetness compared to sucrose (5). Meanwhile, mogroside IV has a
similar sweetness intensity as mogroside V, and mogrosides I and II
have a similar sweetness intensity as sucrose (4). Mogroside is generally
recognized as safe (GRAS) according to the Food and Drug
Administration (FDA) of the United States (5). This makes monk fruit
extract a good alternative to table sugar for people who wish to reduce
their calorie intake.

Monk fruit extract is also a potentially healthy sweetener for
patients with diabetes. Since the human body does not recognize
mogrosides as carbohydrates or sugars, they do not trigger an insulin
response. In a rat study, it was reported that mogroside V could
improve blood glucose, increased glycogen synthesis, and alleviated
insulin resistance in rats with type 2 diabetes (6). In addition to its
sweet taste, monk fruit extract is also believed to have several health
benefits. In vitro and in vivo studies have shown that the mogrosides
may have antioxidant (7) and anti-inflammatory properties (8).

However, monk fruit extract is similar to other natural sweeteners
such as stevia in providing bitter taste and metallic taste apart from
sweetness, though it was reported that the such unpleased tastes
seemed to be less intense for the former compared to the latter (9-11).

In brief, monk fruit extract and mogrosides are natural sweeteners
that potentially offer a range of health benefits and are a popular
alternative to sugar. They have high sweet intensity yet being
non-nutritive. As more people prefer healthier alternatives to sugar,
monk fruit extract may become more and more popular in the future.
With this background, the literature on monk fruit extract and
mogrosides as sweeteners was analyzed in bibliometric way, to reveal
if they indeed received international attention in terms of research,
and identify the recurring themes within this literature set.

Methods
Literature search and study selection

In July 2023, the electronic Web of Science (WoS) platform was
accessed, and its Core Collection database was queried with the

TABLE 1 Search strategy in Web of Science.
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following search string: (*mogroside* OR “luo han guo” OR “lo han
kuo” OR “monk fruit*” OR “monkfruit*” OR “Siraitia grosvenorii”)
AND (sweet*) (Table 1). The term sweet* was added to focus the
search on papers that considered the sweet taste. The search yielded
155 papers from WoS: 134 original articles and 21 reviews.

The publication and citation frequency counts were directly
extracted from the WoS platform. The counts from England, Scotland,
North Ireland, and Wales
United Kingdom. The complete record of the publications were

were combined to represent
exported into VOSviewer (12), to generate a term map with default
parameters. The term map visualized the recurring terms (1> 3) from
the title and abstract of the papers. Each term was denoted by a node.
The node size represented the publication count, its color reflected the
citations per publication (CPP), and the inter-node distance indicated
their co-occurrence. The top 10 most cited publications were identified
and the context of their citations (supporting, mentioning, or
contrasting) were evaluated from another online database, Scite (13).
Besides, complete record of the publications were also exported into
CRExplorer (14), to identify the early seminal works (references) often
cited by these papers. The default parameters were used to generate a
“reference publication year spectroscopy” (RPYS), which was a figure
that showed multiple waves along the timeline representing years the
cited references had much more citations relative to preceding 2 and
succeeding 2 years (i.e., deviation from 5-year median) (15-20). Since
the institution of the author only subscribed WoS back to year 1956,
by using cited reference analysis here the author might be able to
reveal important papers published before 1956.
Ethical approval was not applicable to this study.

Results

Figure 1 shows the cumulative publication and citation counts of
the literature on monk fruit extract and mogrosides as sweeteners.
Both counts have increased steadily since the 2010s. Table 2 lists the
top 5 most productive authors, institutions, countries, journals, and
journal categories. The most productive authors and institutions were
mostly based in Asian countries, such as China, Japan, and Singapore.
Nearly half of the publications had contributions from China and were
published in journals concerning food science technology.

The recurring terms in the title and abstracts of the analyzed
literature are visualized in Figure 2. On the right side of the figure, it
could be observed that papers that mentioned some low-calorie or
non-nutritive sweeteners generally had a higher CPP (yellow nodes),
such as aspartame (n=11, CPP=49.2), acesulfame K (n=8,

Databases Science Citation Index Expanded (1970-present)
Social Sciences Citation Index (1956-present)

Arts & Humanities Citation Index (1975-present)

Emerging Sources Citation Index (2005-present)

Conference Proceedings Citation Index - Science (2009-present)

Conference Proceedings Citation Index - Social Science & Humanities (2009- present)

Search string

TOPIC = (*mogroside® OR “luo han guo” OR “lo han kuo” OR “monk fruit*” OR “monkfruit*” OR “Siraitia grosvenorii”) AND TOPIC = (sweet*)

Timespan All years (1956-2023)

Document types Articles and reviews only
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FIGURE 1

The cumulative publication (red line) and citation (blue line)
counts of the literature on monk fruit extract and mogrosides as
sweeteners.

CPP=59.9), and maltitol (n=3, CPP=72.3). Mogroside could be a
helpful sweetener for patients suffering from diabetes (n=10,
CPP=31.5).

The top 10 most cited papers are listed in Table 3. The health
effects and biosynthesis of mogrosides were the recurring themes
among these publications. Data from Scite indicated that most of the
citations they received were mere mentioning in nature, without
testing the reported results.

Finally, Figure 3 shows a RPYS of the cited references published
until 1956. There was one obvious peak identified in 1941. Within
this dataset, the cited references published in 1939, 1940, 1941,
1942, and 1943 were collectively cited 0, 0, 8, 1, and 1 times. The
5-year median was 1. Subsequently, the deviation from this median
was 7 (8-1) in year 1941, producing a peak in the RPYS with a
magnitude of 7. By examining the data, all 8 citations in year 1941
were made to Swingle (29). In this paper, the author, Walter
Tennyson Swingle, described the appearance of the monk fruit plant
and earlier botanical expeditions in China, and named the monk
fruit Momordica grosvenorii, in honor of Dr. Gilbert Grosvenor,
then-president of the National Geographic Society who funded the
expeditions in China.

Discussion

This bibliometric analysis on monk fruit extract and mogroside
research analyzed 155 papers. Nearly half of them had contributions
from China and were published in journals concerning food science
technology. The health effects and biosynthesis of mogrosides were the
recurring themes among the top 10 most cited publications. Papers
mentioning other sweeteners or sugar alcohols received many citations
in general.

Understanding the biosynthesis of mogrosides may help
scientists to improve their productivity within monk fruit plant
or even in other genetically modified plants. For instance, Tang
et al. (23) (ranked 4th in Table 3) identified seven cytochrome
P450 (CYP450) and five UDP-glucosyltransferases (UDPG) as
potential candidates responsible for the biosynthesis of
mogrosides. After that, Itkin et al. (24) (ranked 5th in Table 3)
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identified the members of five enzyme families responsible for
mogroside biosynthesis, namely the squalene epoxidases,
triterpenoid synthases, epoxide hydrolases, CYP450, and
UDPG. Very recently, successful mogroside biosynthesis in
transgenic cucumber and tomato (30) and transgenic Nicotiana
benthamiana (benth) and Arabidopsis thaliana (thale cress) (31)
have been reported.

Meanwhile, animal studies showed promising results on the
health effects of monk fruit extract or mogrosides. A mouse study
reported an inhibitory effects of mogroside V and 11-oxo-mogroside
V on mouse skin carcinogenesis models (25) (ranked 6th in Table 3).
Another mouse study found that mogrosides were able to down-
regulate the expression of inflammatory genes and up-regulate
inflammation protective genes both with the cell model (macrophage)
and organ model (ear) (8) (ranked 9th in Table 3). A rat study showed
that the increase in plasma glucose level in response to maltose intake
was significantly suppressed by ingesting monk fruit extract 3 min
before the maltose intake, and this suppression was not observed by
replacing monk fruit extract with glucose (28) (ranked 10th in
Table 3). The authors found that monk fruit extract inhibited the small
intestinal maltase in the rat and hence exerted the observed anti-
hyperglycemic effect. Further, mogrosides could also exhibit both
anti-hyperglycemic and anti-hyperlipidemic effects on rats with type
2 diabetes, and regulate insulin secretion by increasing the glucagon-
like peptide-1 (GLP-1) (32). Few clinical studies, if not none, have
been conducted to test such health benefits in humans.

With such potential health benefits, monk fruit extract or
mogrosides could be desirable sugar substitutes. However, the flavor
profile of monk fruit extract is different from sucrose. For instance,
while sucrose was characterized by a fast sweetness onset to peak
intensity and a subsequent decay with minimal side tastes, monk fruit
extract had prominent and long-lasting intensities of the undesirable
bitter, metallic and chemical side tastes comparable to other
non-nutritive sweeteners (33). The metallic taste could be significantly
reduced (though together with sweet taste) via transglycosylation (34).
Non-nutritive sweeteners could be mixed/blended to produce a
temporal sensory profile that matched that of sucrose more closely,
and label-conscious consumers would prefer beverages sweetened by
natural sweeteners (such as monk fruit extract and stevia) over
artificial sweetener (e.g., sucralose) (11).

This bibliometric study had some limitations. For example, WoS
Core Collection became more comprehensive in indexing the abstract,
author keywords, and keywords plus information after 1991 (35), so
that the “hit rate” of any search not limited to the title field would
be lower before 1991 (36). Readers should also note that this study
relied on a single database with a customized subscription.
Publications not indexed by it would be omitted in the analysis. For
instance, some publications indexed in Scopus and some preprints
would be omitted. However, this study also had some strengths. In
particular, the use of cited reference analysis in the form of RPYS
ultimately identified a commonly cited reference published back in
1941, which was beyond the timespan of the literature set subscribed
by the author’s affiliation. This particular reference by Swingle (29) is
very crucial and has a historical significance, as it gave the first
scientific name to monk fruit. According to WoS “cited reference
search,” this reference received 12 citations only. Even if the author
could search with a longer timespan, this paper would not stand out
through the usual citation analysis.
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TABLE 2 The top 5 most productive authors, institutions, countries, journals, and journal categories.

The most productive entities

Number of publications (% of 155)

Citations per publication (CPP)

Author

Ma, Xiaojun 9(5.8) 19.2
Luo, Zuliang 7 (4.5) 6.0
Murata, Yuji 6(3.9) 44.0
Sun, Yuanxia 6(3.9) 222
Li, Dianpeng 5(3.2) 15.8
Sugiura, Masaki 5(3.2) 50.4
Institution

Chinese Academy of Sciences 17 (11.0) 18.4
Chinese Academy of Medical Sciences & Peking Union Medical 10 (6.5) 31.9
College

Institute of Medicinal Plant Development, Chinese Academy of 10 (6.5) 31.9
Medical Sciences

Saraya Co. Ltd 7 (4.5) 394
Agency For Science Technology Research (A*Star), Singapore 6(3.9) 327
Tianjin Institute of Industrial Biotechnology, Chinese Academy of 6(3.9) 222
Sciences

University of Illinois System 6(3.9) 40.3
Country/region

China 67 (43.2) 18.4
United States 41 (26.5) 29.2
Japan 17 (11.0) 38.2
Brazil 6(3.9) 9.0
Canada 6(3.9) 13.7
Singapore 6(3.9) 32.7
South Korea 6(3.9) 14.0
Journal

Journal of Agricultural and Food Chemistry 10 (6.5) 29.0
Food Chemistry 8(5.2) 18.4
Molecules 7 (4.5) 10.0
Journal of Dairy Science 6(3.9) 15.2
Journal of Food Science 6(3.9) 11.8
Journal category

Food Science Technology 67 (43.2) 15.6
Chemistry Applied 24 (15.5) 212
Nutrition Dietetics 23 (14.8) 31.2
Pharmacology Pharmacy 22(14.2) 26.4
Biochemistry Molecular Biology 14 (9.0) 11.2

Lots of animal studies, particularly those with rat models, have
demonstrated many potential health benefits of monk fruit extracts
and mogrosides. For future perspectives, more clinical trials should
be performed. Regarding their roles as non-nutritive sweeteners, more
studies should be performed to evaluate the optimal amount/
concentration to be added into food items and beverages to replace
sugars without altering the sweetness profile too much.

Frontiers in Nutrition

To conclude, nearly half of the publications on monk fruit extract
and mogrosides had contributions from China and were published in
journals concerning food science technology. The health effects and
biosynthesis of mogrosides were the recurring themes among the
top 10 most cited publications. Papers mentioning other sweeteners
or sugar alcohols received many citations in general. More future
studies should be conducted to test the various health benefits in
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FIGURE 2

Term map showing the recurring terms in the title and abstracts of the analyzed literature.

TABLE 3 The top 10 most cited papers of the analyzed literature.

Citation count from Citation context (supporting:

Web of Science mentioning: contrasting) from Scite

1 Position of the Academy of Nutrition and Dietetics: Use of 234 0:44:0

Nutritive and Nonnutritive Sweeteners (21)

2 Trends in use, pharmacology, and clinical applications of emerging 146 0:130:0
herbal nutraceuticals (22)

3 The role of artificial and natural sweeteners in reducing the 136 1:134:0

consumption of table sugar: A narrative review (5)

4 An efficient approach to finding Siraitia grosvenorii triterpene 130 3:78:0
biosynthetic genes by RNA-seq and digital gene expression analysis
(23)

5 The biosynthetic pathway of the nonsugar, high-intensity sweetener 106 4:118:0

mogroside V from Siraitia grosvenorii (24)

6 Anticarcinogenic activity of natural sweeteners, cucurbitane 105 0:69:0

glycosides, from Momordica grosvenori (25)

7 Chemistry and pharmacology of Siraitia grosvenorii: A review (26) 98 0:6:0

8 Sweeteners from plants-with emphasis on Stevia rebaudiana 93 1:80:0

(Bertoni) and Siraitia grosvenorii (Swingle) (27)

9 Anti-inflammatory Activities of Mogrosides from Momordica 76 0:33:0
grosvenori in Murine Macrophages and a Murine Ear Edema Model

)

10 Triterpene glycosides of Siraitia grosvenori inhibit rat intestinal 74 2:28:1
maltase and suppress the rise in blood glucose level after a single

oral administration of maltose in rats (28)

Web of Science and Scite counted citation number differently, and therefore the numbers of the last two columns did not match each other.
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FIGURE 3
RPYS of the cited references published until 1956.

humans. Also, one future research trend could be mass scale
production of mogrosides from transgenic crops that can be cultivated
more easily across the globe.

Data availability statement

The original contributions presented in the study are included in
the article/supplementary material, further inquiries can be directed
to the corresponding author.
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