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Abstract: Demand for rice labeled as organic is growing globally. Consumers state that foods labeled
as organic are nutritionally superior and safer than their conventionally produced equivalent. The
research question for this systematic review is as follows: is there a difference between the effects of
sustainable agriculture and conventional farming methods on rice grain end-use quality, healthfulness,
and safety? The studies (n = 23) examined for this review suggest that organic production practices
don’t influence most end-use quality (e.g., chalk, milling yield, pasting properties) and healthfulness
(e.g., gamma-oryzanol fraction and tocols) traits studied, or if it does, it will be to a small degree. If
differences in end-use quality traits are found, they will be associated with grain protein content,
which varies along with the dose of nitrogen applied during rice growth. We conclude that the
studies evaluated in this review found that organically produced rice grain was less likely to contain
residues of the pesticides (e.g., organochlorine) examined in the study than the rice is grown using
conventional methods. There was some evidence that organically grown rice is more likely to be
contaminated with mycotoxin-producing fungi and some mycotoxins. Common shortcomings of the
studies were that they were poorly designed, with limited to no details of the cultural management
practices used to grow the rice studied, the length of time fields was under organic management not
stated, cultivars were not named, and the data wasn’t analyzed statistically.

Keywords: rice; organic; sustainable; quality; safety; nutrition; pesticides; mycotoxins; gamma-oryzanol;
tocols

1. Introduction

Rice is the staple food for more than half of the world’s population and is grown in
over 100 countries [1]. The International Rice Information System indicates there are at
least 5000 released rice varieties and many more if traditional varieties are considered [2].
Consumers generally choose a rice type with the cooking and sensory properties they are
accustomed to or that suits the meal they will be preparing. For example, jasmine-types
with their buttery popcorn-like aroma and soft texture are preferred by many people in
Thailand and are served along with Thai-inspired meals prepared across the world. The
cooking and sensory properties of rice and how it performs in processed products, such as
canned soups, are known as rice end-use quality [3].

Most people across the globe eat rice in its milled (or polished) form. Rice that
has been milled provides consumers with kilocalories, protein, vitamins, and minerals.
Those that choose to eat unmilled (i.e., threshed or brown rice), commonly referred to as
thrashed or brown rice, also obtain significant amounts of dietary fiber, lipids, and various
phytonutrients [4]. An increasing number of consumers are choosing to eat unmilled rice
and rice that has been grown using the principles of organic farming practices [5].

It has been proposed that there are two distinct schools of thought on how farming
is practiced across the globe: the industrial and the agrarian philosophies [6]. Farmers
and agronomy researchers tend to use the following categories to describe rice produc-
tion methods: conventional production methods, sustainable agriculture techniques (e.g.,
organic, biodynamic, and regenerative), and the system of rice intensification.

Foods 2023, 12, 73. https://doi.org/10.3390/foods12010073 https://www.mdpi.com/journal/foods

https://doi.org/10.3390/foods12010073
https://doi.org/10.3390/foods12010073
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/foods
https://www.mdpi.com
https://orcid.org/0000-0002-1687-4189
https://doi.org/10.3390/foods12010073
https://www.mdpi.com/journal/foods
https://www.mdpi.com/article/10.3390/foods12010073?type=check_update&version=1


Foods 2023, 12, 73 2 of 25

The classifications of industrial or conventional farming “typically use synthetic pesti-
cides, herbicides, and fertilizers, may use organic soil amendments; fields are frequently
planted in short rotations” and generally uses monocropping systems [7]. Sustainable
agriculture, as legally defined in U.S. Code Title 7, Section 3103 is an integrated system
of plant and animal production techniques that have a site-specific application that will
over the long term: Satisfy human food and fiber needs, enhance environmental quality
and the natural resource base upon which the agricultural economy depends; make the
most efficient use of nonrenewable resources and on-farm resources and integrate, where
appropriate, natural biological cycles and controls, sustain the economic viability of farm
operations and enhance the quality of life for farmers and society as a whole.

The UN Food and Agriculture Organization has defined organic agriculture as “a
unique production management system which promotes and enhances agro-ecosystem
health, including biodiversity, biological cycles, and soil biological activity, and this is
accomplished by using on-farm agronomic, biological and mechanical methods in exclu-
sion of all synthetic off-farm inputs” [8]. Thus, organic agriculture is a type of sustainable
agriculture. Another form of sustainable agriculture is known as biodynamic farming.
These types of farms generally grow several different crops, avoid the use of conventional
inputs, produce and distribute the food in a decentralized manner, and take into consid-
eration celestial and terrestrial influences on biological organisms [9]. A definition for
regenerative farming has been proposed to be as follows: “an approach to farming that
uses soil conservation as the entry point to regenerate and contribute to multiple provi-
sioning, regulating and supporting services, with the objective that this will enhance not
only the environmental, but also the social and economic dimensions of sustainable food
production” [10].

Farmers that produce rice using sustainable production methods are often smallhold-
ers that perform low-input farming because it is their traditional way of farming, and they
have limited resources to invest in conventional inputs [11]. Others, utilize sustainable
methods to prevent the negative effects of conventional production methods that have
been in use since the Green Revolution. Lastly, others have converted to using sustainable
farming methods due to increased consumer demand for these foods and their willingness
to pay premium prices for them [12]. These farmers in general adhere to their nation’s
regulations on production practices required to allow foods to be labeled organic.

Between 2019 and 2025, the global organic rice market is expected to increase at a
compound annual growth rate of 8% [5]. This increased demand is occurring globally, with
the greatest increase in individual demand being in the European Union and North America.
Consumers report that they purchase foods produced organically for the following reasons:
healthier, helping the environment, and convenience [13]. For organic rice, the emotional
route (e.g., I will feel happy if I buy organic rice) had a greater impact on its purchase
intention than did the rational route (e.g., buying organic rice can form a good impression
for me) [14]. Review articles report inconsistent evidence that foods produced using
organic methods are significantly different in nutrient content compared to conventionally
produced foods. However, organic foods are generally considered safer for consumption
due to containing lower levels of pesticides and antibiotic residues [15].

The research question for this systematic review is as follows: is there a difference
between the effects of sustainable agriculture and conventional farming methods on rice
grain end-use quality, healthfulness, and safety?

2. Methods

This review was created according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) Checklist and Guidance of the European Food
Safety Authority [16]. This type of systematic review uses a clearly formulated question
along with explicit steps to identify, select, and critically appraise previously published
research and summarize the data from the studies found during the review.
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2.1. Inclusion Criteria

The inclusion criteria for this study were experimental studies that evaluated the effects
of sustainable farming production methods on rice grain end-use quality, healthfulness,
and safety. Studies included those published during the previous 25 years (i.e., 1996–2021)
and complete articles written in English. This time period was selected because it was in
2002 that the regulations under the U.S. Organic Foods Production Act were implemented
and other countries such as Brazil adopted similar regulations sometime after this [15].

2.2. Information Sources

Five electronic databases that house different journals were searched; specifically, Aca-
demic Search Premier© (EBSCO Industries, Birmingham, AL, USA), Directory of Open Ac-
cess Journals (Licensed under CC BY-SA 2.0), PubMed (US National Library of Medicine and
National Institute of Health, https://pubmed.ncbi.nlm.nih.gov/, ScienceDirect ® (Elsevier B.V.,
https://www.elsevier.com/solutions/sciencedirect, and Scopus® (Elsevier B.V., https://
www.elsevier.com/en-gb/solutions/scopus. All databases were accessed between 1 June
2022 and 5 June 2022.

2.3. Study Selection Process

Two authors followed the following protocol to identify articles for use in this study.
The following keywords and Boolean operators were used to search the databases: #1. rice
AND (#2. organic OR sustainable OR biodynamic or regenerative) AND (#3. nutrition OR
health OR Vitamins OR minerals OR phytochemical OR quality OR cooking OR processing
OR amylose OR safety OR Pesticide OR Herbicide OR Fungicide). Each search included
one term from categories #1, #2, and #3.

The titles and abstracts of all articles identified from the selection process were screened
for each one’s relevancy to the research question by two authors separately. They were
independently screened, coded, and evaluated for suitability to be included in the study.
Specifically, a study was selected if it evaluated the effects of growing rice using any
sustainable agriculture methods on any aspect of rice grain end-use quality, healthfulness,
safety, and methodological quality. Full articles for each study selected in the previous step
were then evaluated using the exclusion criteria. The authors discussed any differences
in the articles identified for inclusion in the study and came to an agreement on which to
include and which to not include based on the exclusion criteria.

2.4. Exclusion Criteria

The following exclusion criteria were used: (1) full paper not written in English, (2) not
specifically related to the research question, (3) no conventional rice used for comparison
to sustainably produced rice, (4) non-research articles, (5) duplicates, and (6) methodology
very unclear.

2.5. Data Analysis

A meta-analysis was not conducted for this review as the studies didn’t use similar
experimental designs or analytical methods. The articles reviewed either didn’t describe
the cultural management practices or the ones used were very different from the others
reported. Therefore, only a qualitative analysis of the data collected from the studies
was conducted, as recommended by the Cochrane handbook for systematic reviews of
intervention studies [17].

Research articles included in the study were evaluated to determine if suitable statisti-
cal methods were used to analyze the data collected during the study.

2.6. Risk of Bias

Bias in study design was decreased by using five databases to identify the studies for
the systematic review. However, grey literature such as conference proceedings was not
included. Selection bias was limited by the creation and use of inclusion and exclusion
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criteria. Two authors, separately, performed the literature identification and selection
process to limit personal bias. The risk of assessment bias was reduced by critically
evaluating all of the studies included in the systematic review and discussing them in the
discussion section below.

3. Results
3.1. Identification of Included Studies

The study selection process yielded 12,757 records (Figure 1). After the deletion of
duplicates, 1028 records remained. The titles and abstracts of these records were evaluated
to determine if they contained descriptions of experimental studies that evaluated the effects
of any sustainable farming production methods on rice grain end-use quality, healthfulness,
or safety. In addition, the dates were evaluated to determine if the records were published
in the previous 25 years and were written in English. Author one and two, using these
inclusion criteria identified 60 and 49 articles, respectively. The additional articles chosen
by author two were found by author one to be studies related to the nutrient content of
organic soils used to grow rice, not in rice grain. Therefore, 49 full articles were selected for
further evaluation since soil nutrient content wasn’t one of the dependent variables being
evaluated in this study. These 49 articles were then evaluated with the exclusion criteria.
Of the 49 articles, 26 were deleted from the group due to one of the following exclusion
reasons: full article not written in English, methods not specifically related to the research,
no conventional agriculture farming dependent variable included, article duplication, or
unclear methodology (Table 1). The primary reason for exclusion from the study was due
to articles not being specifically related to the research topic (e.g., frog and rice co-culture
using organic production methods). Thus, there were 23 articles found and deemed to be
suitable for examination in this review study.

Table 1. Full-text articles deleted from the total records based on exclusion criteria.

Exclusion Criteria # of Articles Identified

Full paper not written in English 3

Not specifically related to the topic 17

No conventional rice used for comparison to organic 2

Not a research article 2

Duplicate articles 1

Methodology unclear 1

TOTAL 26

3.2. Study Characteristics

The studies included in this review were performed in the following countries:
Afghanistan, Brazil, India, Italy, Malaysia, Philippines, South Korea, Spain & Portugal,
Thailand, and United States (Table 2). The top countries involved in sustainable rice grain
research were found to be Brazil and Thailand. Of the sustainable rice, grain-focused
studies eight evaluated effects on end-use quality, nine on healthfulness, and 14 examined
safety issues. All of the studies focused specifically on rice described as being organic by
the authors. No other terminology used to describe sustainable farming practices was
found in the articles.
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Figure 1. Flow chart created from a systematic review of organic versus conventional rice grain using
the preferred reporting items for systematic reviews (PRISMA) methodology [16].

Table 2. Organic versus conventional rice grain-related studies were identified using the preferred
reporting items for systematic reviews (PRISMA) methodology.

COUNTRY 1 # of STUDIES
CATEGORIES OF TRAITS EXAMINED 2

End-Use Quality Healthfulness Safety

Afghanistan 1 1

Brazil 5 1 3 5

India 2 1 1

Italy 1 1

Malaysia 1 1

Philippines 1 1 1 1

South Korea 2 1 1

Spain & Portugal 3 3

Thailand 4 2 3 1

United States 3 1 1 1

TOTAL 23 8 9 14
1 Countries where the rice samples used in the studies were grown or purchased. 2 Some studies evaluated traits
in more than one category.
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Only Chen and McClung [18], Champagne et al. [19], Cho et al. [20], Tuano et al. [21],
and VanQuyen et al. [22], reported in some detail the agronomic practices used to pro-
duce the rice for their study. Of these Chen and McClung [18], Champagne et al. [19],
Tuano et al. [21], and VanQuyen et al. [22] also included the name of the rice cultivar(s)
they studied and performed replications of their field treatments. Alves et al. [23] and
Keawpeng et al. [24] reported the cultivar they studied, but limited information was in-
cluded about the field management methods used. The other studies examined rice or rice
products obtained from grocery stores and rice cooperatives.

Of the studies that evaluated end-use quality, four evaluated amylose content (Table 3)
(Champagne et al. [19], Kaker et al. [25], Keawpeng et al. [24], Tuano et al. [21]), three
examined protein content (Alves et al. [23], Kakar et al. [25], Keawpeng et al. [24]), and
three examined lipid content (Alves et al. [23], Kakar et al. [25], Keawpeng et al. [24]. One
study examined the sensory quality and volatile compounds (Champagne et al. [19]. Two
studies determined the yield of head rice or whole kernels after milling (Alves et al. [23],
Kakar et al. [25]) and one examined the percentage of stained grain (Kakar et al. [25]).
Cooking time was measured by one study (Alves et al. [23]), as were elongation ratio,
hardness, color, water uptake capacity, and starch crystallinity (Keawpeng et al. [24]).
Kernel swelling power, H2O solubility, and starch X-ray diffraction patterns were each
examined by one study (Keawpeng et al. [24]). Pasting properties were evaluated by
two studies (Champagne et al. [19], Keawpeng et al. [24]). Rice noodle color, tensile
strength, elasticity, cooking loss, rehydration ratio, aerobic plate content, and total yeast
and mold contents were discussed in one paper (Thomas et al. [26]). One study evaluated
kernel length, kernel breadth, and the ratio between the two before and after cooking
(VanQuyen et al. [22]).

Table 3. Organic versus conventional rice grain-related studies identified using the PRISMA method-
ology: materials, methods, and findings summary.

Materials and Study
Design Traits Organic Rice

Production Methods
Conventional Rice

Production Methods Main Findings Citation

“IRGA 410” 1 grown in
Rio Grande Do Sul,

Brazil.

Brown rice proximate
analysis, phenolics,

amylose content,
cooking time, head rice

yield, and stained
grains during storage.
Mycotoxin analysis.
Fungal incidence in

rough rice.

Seeding rate 90 kg/h.
Water management

same as conventional
No other inputs were

reported.

Seeding rate 90 kg/h.
Water management

same as organic. Urea
was applied at

140 kg/ha in dry soil,
before the appearance
of the 3rd leaf, and at

60 kg/ha at the
beginning of panicle
development. Two

fungicide applications
of PrimoR©300 mL/ha.

One application of
TalismanR©
250 mL/ha.

Conventional unmilled
rice had greater protein,
lipid, and ash content,
and higher head rice

yield. It also had greater
Aspergillus sp. after

storage. Organic thrashed
rice had greater total

carbohydrates, soluble
protein, amylose content,

free phenolics, and
phenolic acids. It also had

a greater percentage of
stained grains and
Bipolaris sp. after

storage.

[23]

Organic (n = 17) and
conventional (n = 33)

rice samples were
purchased from

different Brazilian
producers (50 different

brands) in different
cities.

Cu, Zn, Mg, B, P, Mo,
As, Pb, Cd, Mn, Se, Co,
Cr, Ba, Rb, Fe, Ca, La,

and Ce contents.

Certified organic by the
Brazilian

IBD-Agricultural and
Food Inspections and
Certifications which is

accredited by the
International

Federation of Organic
Agriculture
Movements.

No description of
conventional methods

was reported.

Ca levels are significantly
higher in all org. samples
but one. Cd is higher in
conventional samples.

No difference in As levels.
Statistical differences in
other minerals weren’t

analyzed.

[27]
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Table 3. Cont.

Materials and Study
Design Traits Organic Rice Production

Methods
Conventional Rice

Production Methods Main Findings Citation

Rice samples
purchased from

markets in Brazil.
12 milled rice,

10 parboiled milled
rice samples,

2 unmilled, and
5 unmilled parboiled
samples. One organic

milled and one
parboiled organic

sample.

As No organic production
methods were described.

No conventional
production methods

were described.

The mean of total As for
the milled samples was

greater than in the
organic milled sample

(222.9 and 161.6 ng g−1,
respectively). The mean
of total As for parboiled

white samples was
greater than the

parboiled organic sample
(214.9 and 174.1 ng g−1,

respectively).

[28]

Randomized block
design, 4 replications

during 3 years.
“Cypress”, “Bengal”,

“Jasmine 85”,
“Jacinto”, and

“Neches” grown in
adjacent fields that

had been fallow
for 2 years.

Paste viscosity
properties; amylose,
protein, Ca, Fe, P, K,

Mg, Mn, and Zn
contents. Volatile
compounds and

sensory evaluation.

Chicken litter was applied
(76 kg/ha N, 25 kg/ha P,

and 25 kg/ha K), a
microbial product of trace
minerals (67 kg/ha), and a

microbial soil activator
(33.8 L/ha) was applied
prior to planting. Seed

treated with hurnic acid
(5 mLJkg of seed), a
microbial inoculant

(mL/100 g of seed), and
manganese sulfate (20 g/kg
of seed). Before the flood, a
side dress of chicken litter
was applied (126 kg/ha N,
42 kg/ha P, and 42 kg/ha

K). At panicle
differentiation, a fish

emulsion was applied as a
foliar spray (16.5 L/ha) for

insect control.

Urea nitrogen
(56 kg/ha, 90 kg/ha,
and 78 kg/ha) was
applied at planting,
flood, and panicle

differentiation, for the
100% nitrogen

treatment. The 50%
nitrogen treatment was

applied using half of
the rate of urea (112 kg

of N/ha). Standard
chemical management
practices were used to

control weeds and
insects in

conventionally
managed plots.

Milled kernel protein
content in conventional

100% urea nitrogen
samples > other

treatments. Little to no
difference in amylose and
mineral contents between
treatments. Differences in
pasting properties were
found associated with
kernel protein content.

No differences in flavor
attributes were found via

the sensory panel or in
volatile compounds. No
differences in microbially

produced volatile
compounds were found.

[19]

Randomized block
design with two field
replications and two

years. “Cocodrie’,
‘Presidio’ “Sierra”,

“Giant Embryo”
(GSOR 25), “IL
121-1-1” and
“Sigoendab”

Total phenolics,
flavonoids, tocols,

and γ-oryzanol

Certified organic fields
followed two years of

fallow and a
clover/ryegrass winter
cover crop. Nature Safe

13-0-0 fertilizer (1681
kg/ha) was applied just
prior to planting in both
years. Year one seed was
drilled with two seeding

rates, 112 and 135 kg/ha. In
year two, water-seeding

was done with 202 kg/ha.

Following two years of
fallow, seeds were

drilled at 112 kg/ha. A
total of 224 kg/ha of

nitrogen as urea
(46-0-0) was applied

with a three-way split:
at planting (56 kg/ha),

at permanent flood
(90 kg/ha), and at

panicle differentiation
(78 kg/ha).

The growing
environment affected the

concentrations of most
traits, especially the

tocols and γ-oryzanol.
The effect of conventional

versus organic
management systems had

the lowest effect on the
phytochemical levels of
the year, replication, and

management system.

[18]

“Dongjin” was
obtained from one

organic field and one
conventional field. A
sampling of organic
rice was done in the
central region of the

block.

Total
gamma-oryzanol

compounds.

The field had been
organically managed for

5 years.
Independent groundwater

was used. The green
manure crop, Vicia villosa

Roty), was used in the
organic plot.

Field managed
conventionally for 10

years.
Fertilization included

(N/P/K = 9:4.5:5.7,
w/w, 202 kg/ha). Weed
prevention performed
using herbicide [1.0%

fentrazamide and 0.07%
pyrazosulfuron-ethyl,

suspension concentrate,
321 green area index

(gai)/ha] Pesticide (2%
chlorantraniliprole,

16 gai/ha)

Organic brown rice had
higher total

gamma-oryzanol than
conventional

(65.6 ± 2.7 mg/100 g and
60.2 ± 1.8 mg/100 g

respectively)

[20]
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Table 3. Cont.

Materials and Study
Design Traits Organic Rice

Production Methods
Conventional Rice

Production Methods Main Findings Citation

Rice-based foods from
Italian stores: flours,

biscuits, and rice flakes
(13 conventional and
11 organic products).

Deoxynivalenol,
fumonism B1, and

fumonism B2

No organic production
methods were

described.

No conventional
production methods

were described.

Deoxynivalenol was
identified in more organic

rice foods than
conventional (91% vs.
85%). Furmonism B1
occurred in 36% of

organic rice foods versus
23% of conventional.

Furmonism B2 occurred
in 38% of conventional vs.
45% of organic rice food

products.

[29]

Rice samples and
rice-based foods were

collected from cultivars
and markets in Spain.
64 were conventional
and 20 were organic.

Ochratoxin A
No organic production

methods were
described.

No conventional
production methods

were described.

Ochratoxin A was found
in a greater % of organic

rice and products
compared to those grown

using conventional
methods.

[30]

10 baby cereals are
made using

conventional rice and
3 produced using

organic rice obtained
from manufacturers.

Hg and total As.
No organic production

methods were
described.

No conventional
production methods

were described.

Hg was higher in organic
rice cereal compared to
conventional rice cereal

(4.54 and 4.39 µg/kg,
respectively). As was
higher in organic rice

cereal compared to
conventional rice cereal
(154.9 and 96.3 µg/kg,

respectively)

[31]

9 organic and
12 conventionally

produced rice samples
and rice foods bought
from markets in Spain

and Portugal.

Ochratoxin A
No organic production

methods were
described.

No conventional
production methods

were described.

Ochratoxin A found in
4/9 organic samples and

0/12 conventionally
produced rice foods.

[32]

10 infant rice cereals
made with

commercially produced
milled rice and

10 infant rice cereals
made with organically

produced unmilled
rice.

Total As and inorganic
As (i-As).

No organic production
methods were

described.

No conventional
production methods

were described.

All samples had
identifiable As and iAs.

No significant difference
between organic and

conventionally produced
rice cereals.

[33]

Randomized block
design, one year

“Attai-1”, five cultural
management

treatments, four
replications.

Unmilled kernels:
perfect grains, broken
grains and amylose,
protein, and lipid

contents.

The recommended
dose for traditional
farming (120 kg/ha
urea and 100 kg/ha

diammonium
hydrogen phosphate)

Animal manure
(5 tons/ha) (AM),

animal manure + 50%
recommended dose of

nitrogen and
phosphorus (AMRD),

sawdust + green leaves
(5 tons per ha) (SD),

sawdust + leaves and
50% recommended

dose of nitrogen and
phosphorus (SDRD).

Greater whole kernels in
AMRD compared to
other treatments. No

significant difference in
broken grains. Amylose
content in AMRD and

SDRD > AM and
SD > RD. Protein content
in AMRD and AM and

SDRD > RD and SD.
Lipid content in AMRD
was > than in the other

treatments.

[25]
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Table 3. Cont.

Materials and Study
Design Traits Organic Rice

Production Methods
Conventional Rice

Production Methods Main Findings Citation

Unmilled rice is grown
organically and

conventionally in
Thailand.

Kernel: elongation
ratio, hardness, and
color, water uptake
capacity, and starch

crystallinity

No organic production
methods were

described.

No conventional
production methods

were described.

Higher elongation ratio
for conventional than
organic (1.10 and 1.06,
respectively, after six
months of storage).

Conventional rice was
harder and darker

compared to organic rice.
Higher water uptake

capacity in cooked
organic rice than

conventional after six
months (4.52% and 4.47%,

respectively).
Crystallinity increased for

both organic and
conventionally produced

rice during ageing

[34]

One organic and one
conventional rice
system is used to
produce unmilled
“Sungyod” rice.

Kernel: size, weight,
and color. Free fatty

acids, proximate
analysis. amylose and
anthocyanin content.

Kernel swelling power
and H20 solubility of

starch. Pasting
gelatinization enthalpy
and temperature. X-ray

diffraction patterns.

No organic production
methods were

described.

No conventional
production methods

were described.

Conventional rice had
greater grain length and

breadth than organic
(0.62 and 0.61 cm,

respectively).
Conventional rice weight
was higher than organic

rice (1.44 and
1.42 g/100 grains,
respectively). No

difference in kernel color,
free fatty acid content,

and crystallinity pattern.
Conventional rice protein

content > organic
(7.02 and 5.64%,

respectively).
Conventional rice lipid
content > organic rice

(2.59 and 2.48%,
respectively).

Conventional rice
amylose content

(16.27 and 15.32%,
respectively).

Conventional rice
anthocyanin content >
organic rice (15.6 and
14.66 mg cyanidin-3-

glucoside/100 g,
respectively). Organic

rice showed higher
swelling power and H20

solubility than
conventional rice.

Conventional rice had a
higher setback value than

conventional rice
(129.93 and 123.65 RVU,

respectively).
Convention rice had a

higher transition
temperature and

gelatinization enthalpy
than organic rice.

[24]
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Table 3. Cont.

Materials and Study
Design Traits Organic Rice

Production Methods
Conventional Rice

Production Methods Main Findings Citation

One unmilled organic
Jasmine rice sample
and one unmilled

milled conventional
Jasmine rice sample.

Serum cholesterol,
triglycerides, HDL-C,
and LDL-C levels in

rats after a feeding trial.

No organic production
methods were

described.

No conventional
production methods

were described.

No significant
difference in rat lipids

between those fed
conventional versus

organic rice.

[35]

One organic unmilled
rice sample and one

conventional unmilled
rice sample were

supplied by a farming
cooperative in

Thailand.

Rat protein efficiency
(PER) level. Pesticide
residues (carbofuran,

methyl parathion,
p-nitrophenol, and

beta-cyfluthrin) in rice
and rat serum after a
28-day feeding trial.

No organic production
methods were

described.

No conventional
production methods

were described.

Carbofuran, methyl
parathion, and B-

cyfluthrin were not
present in any rat

serum samples or in
rice samples.

P-nitrophenol was
found in both samples

but not in rat blood
serum. Data wasn’t

analyzed to determine
if levels were different

between the
conventional and the
organic sample. No
significant effect of
organic rice on PER

compared to
conventional rice was

found.

[36]

39 milled conventional
rice samples and

37 milled organic rice.
26 conventional

unmilled rice and
22 organic unmilled

samples. All samples
were obtained from

stores in Korea.

Five mycotoxins:
8-ketotrichothecenes

(deoxynivalenol (DON),
nivalenol (NIV),

3-acetyldeoxynivalenol
(3ADON), 15-

acetyldeoxynivalenol
(15ADON) and

fusarenone-X (FUS-X)

No organic production
methods were

described.

No conventional
production methods

were described.

Contamination of NIV
was greater in organic
samples compared to

their conventional
counterparts. DON
was detected in 19%
and 41% of organic

milled and unmilled
rice, respectively, and

10% and 27% in
conventional milled
and brown samples.
3ADON, 15 ADON,

and FUS-X were low in
all samples, and no

difference was found
between conventional
and organic samples.

[37]
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Table 3. Cont.

Materials and Study
Design Traits Organic Rice

Production Methods
Conventional Rice

Production Methods Main Findings Citation

Samples purchased rice
at stores in Brazil. Not
enriched. Rice wasn’t

enriched.
5 conventional milled

rice and 2 organic
milled rice samples.

2 conventional
unmilled and 3 organic

unmilled samples.

As, Cd, Pb, Ti, Sb, Co,
Cu, Mn, Se, Zn, Cr, Ni,

and Mo.

No organic production
methods were

described.

No conventional
production methods

were described.

Hg, Sb, and Tl were not
detected in any samples.

Cr was highest in the
milled conventional rice

(641 µg kg−1).
Conventional milled rice

mean were as follows:
(As, Cd, Ni, Pb, Zn, Mn,
Cu, Se, Co, Mn, and Mo
µg/k (164, 18.9, 130, 57.4,
17.9, 14.4, 1.79, 66.9, 25.6,

14.4, and 511,
respectively).

Conventional unmilled
rice means were as

follows: (As, Cd, Ni, Pb,
Zn, Mn, Cu, Se, Co, Mn,

and Mo (293,16.8,140, 109,
23.5, 31.4, 2.34, 84.7,

36.2,31 and 4,344 µg/k,
respectively). Organic

unmilled rice means were
as follows: (As, Cd, Ni,
Pb, Zn, Mn, Cu, Se, Co,
Mn, and Mo (215, 13.4

179, 119, 23.6, 29.8, 2.17,
107, 44.1, and 29.8,367
µg/kg, respectively).
Organic milled rice

means were as follows:
As, Cd, Ni, Pb, Zn, Mn,
Cu, Se, Co, Mn, and Mo
(149, 19.6, 98.9, 39.7, 15.7,

8.2, 1.43, 57.1, 11.5, 8.2,
and 361 µg/kg,

respectively). Organic
and conventional milled
samples did not differ in

the amount of any
elements measured.

Organic and conventional
unmilled samples did not

differ in the amount of
any elements measured.

[38]

Rice samples were
collected from
10 organic and

10 conventional farms
from all

16 agro-climatic zones
in India.

Four groups of
pesticides:

organochlorine,
carbamates,

organophosphorous,
and pyrethrites.

Organic farms are
certified by each local

state government.v No
description of

production methods
was provided.

Conventional farms
were adjacent to

organic farms. No
description of

production methods
was provided.

Carbamates and
pyrithroid were found in

conventional rice
samples. No traces of

pesticides were found the
in the organic rice

samples.

[39]

Rice samples from
grocery stores in Brazil.

Organic milled rice
(n = 18), conventional

milled rice (n = 11),
organic husked rice

(n = 12), conventional
husked rice (n = 15),
and specialty types

(n = 13).

Organic and
inorganic As.

No organic production
methods were

described.

No conventional
production methods

were described.

No difference in total As
between conventional
husked and organic
husked samples. No
difference in total As

between conventional
milled and organic milled
samples. Inorganic As is
45% greater in organic

milled rice compared to
conventional milled rice

and 41% greater in
organic husked versus

conventional husked rice.

[40]
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Table 3. Cont.

Materials and Study
Design Traits Organic Rice

Production Methods
Conventional Rice

Production Methods Main Findings Citation

Rice was purchased
from a supermarket in

Malaysia. “Bario” is
grown organically.

Basmati rice is grown
conventionally in

Pakistan. Noodles are
stored for 3 days.

Rice noodle color,
tensile strength,

elasticity, cooking loss,
rehydration ratio,

aerobic plate content
(APC), and total yeast

and mold contents
(TYMC). Water

activity and sensory
evaluation.

No organic production
methods were

described.

No conventional
production methods

were described.

Both rice noodles became
darker in color during

storage. Bario noodles had
higher tensile strength due
to higher amylose content

compared to Basmati
noodles (46.33 and 36.33

kPa, respectively, on day 0).
Bario noodle was higher in

elasticity than basmati
(13.19 and 7.89 kPa,

respectively). Basmati rice
noodles had a higher

cooking loss compared to
Bario ( 7.14% vs. 3.89%
respectively). Bario rice

noodles had a higher
rehydration ratio than

basmati rice noodles (3.89
and 3.71). Higher APC in
Basmati rice than in Bario,
but both were acceptable

after three days of storage.
TYMC was higher in

Basmati than in Bario, but
both were above

recommended amount after
day two. Water activity was
higher in Basmati rice than
in Bario rice (0.82–0.87 and
0.80–0.83, respectively, after
three days). Bario rice was

most accepted and
concluded to have better
quality than Basmati rice.

[26]

The study was
conducted for two
seasons at PhilRice

Philipines. A splitplot
experimental design
was used: two main

plots and three
subplots with four
replications. “NSIC

Rc146” was planted in
the dry season (1st

crop of organic
farming) and NSIC

Rc160 in the wet
season (2nd crop of
organic farming).

Tocols,
gamma-oryzanol, and
total phenolics. Head

rice yield, kernel
length, breadth, and
ratio. Amylose and

protein content.
Kernel color.

The two main plots
consisted of “with

pesticide” and
“without pesticide”

treatments. The
subplots included

control, organic
fertilizer, and inorganic

fertilizer with a
quadruplicate plot size

of 10 × 4 m per plot.
The organic fertilizer
used was compost at

3 tons/ha (13-2-17-16 S)
applied 3 d before
transplanting. The

NSIC Rc160 crop was
applied with

Bayluscide EC 250
(250 g/L Niclosamide,

200 g/L methyl
isobutylketone, 100 g/L

isobutanol, 1 L/ha)
molluscicide 1 DAT,
and Brodan 3.51 EC
insecticide at 39 and

83 DAT.

The two main plots
consisted of “with

pesticide” and “without
pesticide” treatments.
The subplots included

control, organic fertilizer,
and inorganic fertilizer
with a quadruplicate

plot size of 10 × 4 m per
plot. Inorganic fertilizer
was applied 21-0-0-24 S
at 13 DAT, urea (45-0-0)

at 28 DAT, 34-0-0 at
41 DAT, and 20-0-0 at
51 DAT for a total of

120-0-0-24 S. The NSIC
Rc146 crop was treated
with Furadan (3 g/kg

Carbofuran,
16.7–33.3 kg/ha) 28 d

after transplanting
(DAT) and with Brodan

3.51 EC (210 g/L
Chlorpyrifos + 105 g/L

BPMC (Fenobucarb),
2.5–3.5 tablespoons

(45 ± 7.5 mL) 16 L −1,
120 mL/ha) insecticide

69 DAT.

Pesticide application had
no effect on tocols and

gamma-oryzanol levels.
Organic milled rice had

lower total and γ-oryzanol
than conventional milled

rice with applied pesticides.
NSIC Rc160, organic brown

rice with pesticide had
higher contents of total
tocols than inorganic

unmilled rice with
pesticide. Organic milled
rice had lower total and

gamma-oryzanol compared
to conventional rice.

Organic fertilizer resulted
in lower total phenolics.
No difference in milling

quality, grain color,
apparent amylose content,
and alkali spreading value

between organic and
conventional rice was

found. Organic rice was
lower in protein content

compared to conventionally
grown rice.

[21]
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Table 3. Cont.

Materials and Study
Design Traits Organic Rice Production

Methods
Conventional Rice

Production Methods Main Findings Citation

Randomized block
design with three

replications of “Pusa
Basmati-1” Rice.

Head rice recovery
(HRR). Kernel length
(KL), kernel breadth
(KB), and the ratio
between the two

(KL:KB) before and
after cooking.

The soil of the
experimental field was a
sandy clay loam, having

52.8% sand, 21.5% silt,
and 25.7% clay. It

contained 0.56% organic
C, 163.2 kg/ha 71
NaOH-KMnO4

hydrolysable N, 15.5
kg/ha 71 0.5 N NaHCO3,

extractable P, and
232.4 kg/ha 71 N

NH4AOC extractable K
and had a pH value of 8.2.

Seven combinations of
organic sources (Farm
yard manure (FYM),

Sesbania green manuring
(SGM), FYM + blue-green

algae (BGA),
SGM + BGA,
FYM + SGM,

FYM + SGM + BGA and
FYM + SGM + BGA +

PSB). FYM was applied at
10 tons/h at the time of
final puddling. Sesbania
was grown for 60 days

and incorporated 5 days
before transplanting.
BGA was inoculated

10 days after
transplanting of rice,

whereas PSB was
inoculated by dipping the
roots of rice seedlings in

the slurry of
Pseudomonas striata

culture.

The soil of the
experimental field was

a sandy clay loam,
having 52.8% sand,

21.5% silt, and 25.7%
clay. It contained 0.56%
organic C, 163.2 kg/ha

71 NaOH-KMnO4
hydrolysable N,

15.5 kg/ha 71 0.5 N
NaHCO3, extractable P,
and 232.4 kg/ha 71 N

NH4AOC extractable K
and had a pH value of

8.2. Four rates of
inorganic fertilizers

(control, 60 kg N+13 kg
P + 17 kg K/ha, 120 kg

N + 26 kg P + 34 kg
K/ha, and 180 kg N +
39 kg P + 51 kg K/ha).

The different
conventional

management treatments
did not affect HRR, KL,
KB, and KL/KB ratio

before or after cooking.
Organic manure

increased HRR in
comparison to

conventional treatments.
KL hasn’t affected the

organic treatments. KB in
the organic treatments
was greater than in the

conventional treatments.
The data wasn’t analyzed

statistically.

[22]

1 Names in quotation marks denote that these are the names of rice cultivars.

Studies focused on healthfulness traits included three that evaluated macro- and
micro-mineral (i.e., element) content (Barbosa et al. [27], Champagne et al. [19], Poletti
et al., 2014). Total phenolics were examined in three of the studies (Chen and McClung [18],
Alves et al. [21], Tuano et al. [21]). One study examined flavonoid content (Chen and
McClung [18]), and serum cholesterol, triglycerides, HDL-C, and LDL-C contents in rats
(Mesomya [35]). Tocols and gamma-oryzanol were evaluated in two studies (Cho et al. [21],
Chen and McClung [18], Tuano et al. [21]). The protein efficiency ratio, measured in rats,
was also examined in one study (Mesomya et al. [36]).

Safety-related studies include six that evaluated total As levels (Barbosa et al., [27],
Batista et al., [28], Hernandez-Martinez et al. [33], Juskelis et al. [38], Poletti et al. [40], Segura
et al. [40]). Two studies evaluated inorganic As (Juskelis et al. [38]), Segura et al. [40]) and
Cr levels (Barbosa et al. [27], Poletti et al. [33]). Hg levels were examined in one study
(Hernandez-Martinez et al. [31]). Pb (Poletti et al. [38]) and Cd (Barbosa et al. [27]) were
examined in one study each. Infestation by fungal pathogens was evaluated only by Alves
et al. [23]. Various mycotoxins were examined in five studies (Alves et al. [23], Cirillo
et al. [29], Gonzales et al. [30], Juan et al. [32], Ok et al. [37]). Two studies evaluated
pesticide residues (Mesomya et al. [36], Rekha [39]).
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3.3. End-Use Quality Traits

Alves et al. studied one long-grain cultivar with high amylose content [23]. The
sample produced using conventional farming methods had a greater (p < 0.05) head
rice yield (i.e., milling yield) than the grain harvested from a field managed using an
organic cropping system. Another study examined perfect grains, which, according to
their definition, was equivalent to head rice yield [25]. The cultivar examined had a
greater (p < 0.05) head rice yield when grown using animal manure (organic treatment)
or 50% animal manure + 50% sawdust fertilizer compared to the other treatments (i.e.,
conventional, sawdust, and 50% sawdust + conventional fertilizer treatments).

Champagne et al. studied cultivars that varied in amylose content from a low of
0% to a high of 21% [19]. The study found no difference in milled rice amylose content
between organic and conventionally grown rice. The conventional management practices
in terms of pesticides and herbicides weren’t described, however, the details of the organic
practices were fully provided. Similarly, Tuano et al. found no effect of organic management
on milled grain amylose content compared to conventional methods [21]. In this study
amylose content of one of the cultivars examined across all treatments was 24.2% and the
other was 13.8%. The study by Kakar et al. found amylose content (23%) to be higher in
milled rice grown using animal manure plus 50% of the conventional treatment compared
to all other treatments [25]. The lowest amyose content was reported in the rice grown
using conventional management methods (20.9%). All of these studies evaluated samples
collected from field experiments designed by the authors.

The protein content of milled rice grown using conventional methods was significantly
greater (p < 0.05) than the rice grown using either 50% of the N in the conventional treatment
or using organic methods [19]. Similarly, Keawpeng et al. found that conventionally
produced rice had greater protein content compared to that produced using an organic
method, 7.02 and 5.64%, respectively [24]. Alves et al. studied unmilled rice grown under
organic methods and found that it was lower in protein (6.7%, p < 0.05) in comparison to
its conventionally grown counterpart (7.8%) [23]. The protein content of unmilled rice was
also examined by Kakar et al. [25]. They found that protein content was greater (p < 0.05)
in grains produced using animal manure and 50% of the local recommended amount of
N and P (8.75) and the organic treatment with 100% animal manure (8.0%) compared to
the treatment using 100% of the recommended dose of N and P for conventional farming
(7.6%). The study by Tuano et al. examined two rice crops, one in the wet season and
one in the dry, the organically produced milled rice had less protein (p < 0.05, 6.3%) than
those grown using conventional methods (8.8%) [21]. These studies all evaluated samples
collected from field experiments designed by the authors.

Champagne et al. evaluated milled rice grown using three treatments: 100% conven-
tional methods, 50% conventional N, and organic methods [19]. No significant difference
(p > 0.05) was found for pasting viscosity properties between these treatments, except for
one cultivar out of the five studied. That cultivar, Cypress, had a higher peak (p < 0.05)
viscosity in rice grown organically (249 and 159 RVU, respectively) and using 50% of the
conventional farming N level (244 and 156 RVU, respectively) in comparison to that grown
using conventional methods (207 and 126, RVU, respectively). Keawpeng and Meenune
reported that pasting peak temperature wasn’t different (p > 0.05) between organic and
conventionally grown milled rice [24]. However, peak viscosity and setback were lower in
the organic (117 and 119 RVU, respectively) than in conventional rice (124 and 130 RVU,
respectively). Both of these studies evaluated rice that was by the authors using field
production trials.

The sensory properties of milled samples of five cultivars (i.e., Cypress, Bengal, Jasmin
85, Jacinto, and Neches) were examined using descriptive sensory analysis, which included
the assessment of 12 flavors and 14 textural attributes [19]. These cultivars were different
cooking quality types and were grown using the following field management treatments:
100% nitrogen/conventional, 50% nitrogen/conventional, and organic. No differences were
found in aroma due to production methods. Of the textural properties, slickness, hardness,
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and chewiness were slightly different (p < 0.05) for some of the cultivars grown using
100% nitrogen/conventional or 50% nitrogen/conventional versus organic production
methods. Another study found no significant difference (p < 0.05) in the instrumental
hardness of unmilled rice from the cultivar Phatthalung Sungyod grown using organic
versus conventional production methods [34]. The rice examined in these two studies was
grown by the authors using field production trials.

The cooking time of unmilled samples of cultivar IRGA 410 reportedly was 29.0 and
26.0 min for those grown using conventional and organic growing conditions, respec-
tively [23]. These values weren’t analyzed statistically. No other studies evaluated the
effects of field production methods on rice cooking time.

The kernel length of the cultivar Pusa Basmati 1 wasn’t different under seven different
organic treatments in a randomized block trial with three replications. However, the kernel
length-to-kernel breadth ratio in the organic treatments was greater than in the conventional
treatments. The data wasn’t analyzed statistically, and the paper didn’t mention whether
unmilled or milled samples were evaluated [22].

3.4. Healthfulness Traits

This study reviewed articles to determine if the authors found differences in Ca, Fe,
and Zn levels in rice grown organically versus conventionally. One common finding was
that the studies that identified the cultivars being studied identified a wide variation in
mineral content between cultivars.

Champagne et al. found no significant (p < 0.05) difference in the level of Ca be-
tween milled samples of cultivars grown using organic and two conventional treatments
(described above) [19]. Similarly, no significant (p < 0.05) effect of year was found on
the Ca content of these samples. Effects of cultivar on Ca levels weren’t reported. In
another study, Ca levels were significantly (p < 0.05) higher in all organic samples (n = 17;
103 mg kg−1) compared to those milled and produced conventionally (n = 33; 39.5 mg
kg−1) [27]. These samples were all purchased from Brazilian grocery stores. No mention
was made of whether the samples were unmilled or milled. Poletti et al. also studied
samples purchased in Brazil [38]. They reported no significant difference in Ca levels in
organic (n = 5) versus conventional (n = 9) samples.

Champagne et al. studied the Fe content of milled samples of several cultivars
(described above) grown using organic and two conventional treatments (as described
above) [19]. One cultivar, Jacinto, had significantly (p < 0.05) more Fe when grown under
organic conditions (23 ppm) compared to the conventional one (15 ppm). No difference was
found between the treatments for the other four cultivars. Similarly, Barbosa et al. reported
no difference in Fe content between conventional and organically grown rice samples (as
described above) [27]. However, in this case, the data wasn’t analyzed statistically. It
should also be noted that these authors indicated the samples they evaluated had not been
industrially enriched with Fe, which is common in some countries [41].

The studies that evaluated Zn all reported that the content of this mineral varied within
organically grown rice and also within conventionally produced rice. Out of four cultivars
examined by Champagne et al., only one was reported to have a significant difference in
the amount of Zn between them when grown using organic and conventional cultural
management practices [19]. The cultivar Jacinto had 22 ppm when grown using organic
management practices while when produced using conventional methods it had 27 ppm.
Another study of organic and conventionally produce rice found the former to have
(16.9 mg kg−1) and the latter (21.1 mg kg−1), but the data wasn’t analyzed statistically [27].
Poletti et al. concluded that there were no differences in the Zn content of organic and
conventionally grown rice, both unmilled and milled samples [38]. The data in this study
weren’t analyzed statistically.

Alves et al. reported that organically grown unmilled rice had 33% more (p < 0.05) free
phenolics (48 mg GAE equiv/100 g) than were found in the same cultivar grown under
conventional field practices (32 mg GAE equiv/100 g) [23]. Unmilled rice (six cultivars)
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with various bran colors was obtained from organic and conventionally managed field
trials grown over two years [18]. This study reported no difference (p > 0.05) in the level
of total phenolics between the different field management methods, except for a cultivar
(i.e., IL 121-1-1) with red bran during one year. The organic sample contained 5.86 mg
GAE equiv/g and the conventionally grown one had 6.76 mg GAE equiv/g. These authors
also studied flavonoid levels in the same samples and found similar results. Specifically,
the only significant difference (p < 0.05) in flavanoid content was also found for IL 121-1-1.
When grown organically (0.6 mg +-catechin equiv/g) it had lower flavanoid content
compared to when grown conventionally (0.79 mg +-catechin equiv/g). In a study by
Tuano et al. (2011), an organic fertilizer treatment was reported to be associated with lower
total phenolics (p < 0.05) (30.7 mg g−1) for one cultivar in comparison to when it was grown
using conventional field methods (37.7 mg g−1) [21].

Mesomya et al. evaluated the protein efficiency ratio of unmilled rice grown under
organic and conventional field management using rats (10 rats per treatment plus a control).
models [35]. No significant difference (p < 0.05) in the growth of the animals or protein
efficiency ratio was found. Rats were also used to examine serum cholesterol, triglycerides,
HDL-C, and LDL-C contents [35]. These authors using the same experimental design as in
the previous study evaluated the effects of organic and conventional unmilled rice on the
following rice serum lipid levels: serum cholesterol, triglycerides, HDL-C, and LDL-C. No
significant difference (p > 0.05) in these lipid levels was found.

Gamma-oryzanol levels were found to be significantly higher (p < 0.05) in unmilled
rice samples of cultivar Dongjin that had been grown using organic conditions (65.6 mg/100 g)
compared to the cultivar grown using conventional management methods (60.2 mg/100 g) [20].
Both fields were in the same general location, therefore the rice matured under similar
weather conditions. The organic field had been under South Korean organic management
standards for five years. Gamma-oryzanol content was also evaluated in unmilled samples
of three U.S. cultivars (i.e., Cocodrie, Presidio, and Sierra), a U.S. breeding line (IL 121-1-1),
a giant embryo mutant, and one Indonesian cultivar (i.e., Sigoendaba) [18]. They were
grown over two years, in both organically and conventionally managed fields. Cultivar and
year effects had a significantly greater effect (p < 0.05) on gamma-oryzanol levels than the
field management methods. Of these three effects, the cultivar had the greatest impact on
the levels of this trait. Gamma-oryzanol levels tended to be lower in the genotypes grown
using organic compared to conventional field management. But, this wasn’t true in all
samples. For example, in one-year Sigoendaba had greater gamma-oryzanol levels in the
organic versus conventionally grown samples. ‘NSIC Rc146′ and ‘NSIC Rc 160′ were grown
over two years in the Philippines [21]. Organic fertilizer compared to conventional (e.g.,
inorganic) fertilizer and pesticide application versus none applied didn’t have a consistent
effect on the gamma-oryzanol content of the samples. Conventional NSIC Rc146 grown
with pesticide application had significantly (p < 0.05) more gamma-oryzanol compared to
the organic samples. NSIC Rc160 grown using organic and conventional fertilizer with
and without pesticide had similar levels (p < 0.05) of gamma-oryzanol. Replicate plots
contributed significantly (p < 0.05) to the variation in sample gamma-oryzanol levels.

Cultivar and year effects had a significantly greater effect (p < 0.05) on tocol levels
than did the field management methods for the samples studied by Chen and McClung
and discussed above [18]. Cultivar had the greatest effect on the levels of tocols compared
to the year the samples were grown in and the type of cultural management practices. No
consistent effect was found on the levels of tocols in the unmilled samples described above
in the study by Tuano et al. [21]. No effect of fertilizer type or pesticide application or not
was found for the levels of tocols in the NSIC Rc146 samples. However, NSIC Rc160 grown
using organic (157 mg 100 g−1 wet basis) versus conventional (76 mg 100 g−1 wet basis)
fertilizer with pesticides had significantly (p < 0.05) higher levels of tocols. In addition,
replicate plots contributed significantly (p < 0.05) to the variation in sample tocol levels.
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3.5. Safety Traits

Barbosa et al. reported that they found higher levels of total As in conventional
rice grain (n = 33, median 0.208 mg kg−1) in comparison to certified organic rice grain
(n = 17, 0.158 mg kg−1) that was purchased from grocery stores [27]. The organic rice
was certified by Brazilian IBD-Agricultural and Food Inspections. The data in this study
weren’t analyzed statistically. Another study evaluating total As content found greater
levels in organic milled rice (222.9 and 161.6 ng g-1, respectively) than in conventional
milled rice [28]. In the same study, the mean of total As for the parboiled white samples
was reported to be greater than the parboiled organic sample (214.9 and 174.1 ng g−1,
respectively). Total As was reported to be higher in organic rice infant cereals compared to
conventional infant rice cereal (154.9 and 96.3 µg/kg, respectively) [31]. The data in this
study weren’t analyzed statistically. Another study that evaluated milled rice infant cereals
reported indicated there was no difference between organic and conventionally produced
cereals. The data in this study weren’t analyzed statistically [33]. Poletti et al. [38] and
Segura et al. [40] evaluated organic and conventional milled rice samples and found no
difference in total As levels. In addition, these authors reported no difference in total As
levels between organic and conventional unmilled rice samples. All of the studies that
evaluated total As used samples collected from stores, and none of them analyzed the
reported data using statistical methods.

The levels of inorganic As in infant rice cereals that were obtained from grocery stores
reportedly had no difference between those made using milled rice grown under organic
and conventional production techniques [33]. Inorganic As was reported by Segura et al. to
be 45% greater in organic milled rice compared to conventional milled rice and 41% greater
in organic husked versus conventional husked rice [40]. The data in both of these studies
weren’t analyzed statistically.

Cd was reported to be higher in conventionally (0.012 mg kg−1) grown rice samples
purchased in grocery stores compared to ones produced using organic (0.005 mg kg−1)
production methods [27]. However, this data wasn’t analyzed statistically.

Milled rice Cr levels were reportedly greater in conventional (3.0 mg kg−1) rice in com-
parison to that grown under organic conventional (2.3 mg kg−1) production methods [27].
On the contrary, Poletti et al. reported no difference in the level of Cr in organic versus
conventional unmilled and milled samples purchased at grocery stores [38]. The data in
both of these studies weren’t analyzed using statistical methodology.

Hg was higher in organic infant rice cereal compared to cereals made from convention-
ally grown rice (4.54 and 4.39 µg/kg, respectively) [31]. The Pb levels found in conventional
and organic rice were similar [27]. On the contrary Poletti et al. reported that convention-
ally grown milled rice contained more PB (130 µg kg−1) than organically grown milled
rice (98 µg kg−1). Barbosa et al. reported that the Cd content of conventionally produced
conventional rice (0.012 mg kg−1) was higher than that grown under organic conditions
(0.005 mg kg−1) [27]. All samples used in the studies described above were obtained from
grocery stores and the data reported weren’t analyzed using statistical methods.

Alves et al. studied fungal pathogen levels in rough rice during storage [23]. They
found that Penicillium sp., in organic rice was 4, 9, and 4 times higher in rough rice stored
for 0, 6th, and 12th months, respectively, compared to rice produced under conventional
systems. Aspergillius sp. was slightly higher in organic rough rice compared to organic
prior to storage, while after six months of storage, conventional rough rice contained 70%
more. Before storage, Bipolaris sp. was found in organic rice but not in the rough rice grown
conventionally. The rice used for these studies was collected from field trials.

Deoxynivalenol, and fumonisin B1 and B2 were evaluated in various rice-based foods
such as biscuits and breakfast cereals [29]. Deoxynivalenol and fumonisin B1 were re-
ported to be higher in products made using conventionally grown rice (207 µg kg−1 and
205 µg kg−1, respectively) compared to that produces using organic rice (65 µg kg−1 and
150 µg kg−1, respectively). On the contrary, rice-based food products made using or-
ganically grown rice contained more fumonisin B1 (145 µg kg−1) than those produced
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using conventionally grown rice (30 µg kg−1). None of the data in this study were
examined statistically.

Gonzales et al. studied the levels of ochratoxin A in milled rice and rice-based food
products [30]. More organic samples contained ochratoxin A (30.0%, range 1.0 to 7.1 Ag/kg)
compared to those produced using conventional growing methods (7.8%, range 4.3 to
27.3 Ag/kg). Juan et al. also evaluated the levels of ochratoxin A in conventionally and
organically grown rice [32]. They found that some organically produced rice (4/9 samples,
mean 2.57 ng/g) contained ochratoxin A, but none of the conventionally produced samples
did (0/4 samples). No difference between organic unmilled rice and milled rice was
reported. The data in this study weren’t examined statistically.

The occurrence of mycotoxins, specifically five 8-ketotrichothecene compounds, was
studied in organically and conventionally produced rice [37]. They found no significant
difference in the levels of deoxynivalenol, 3-acetyldeoxynivalenol, 15-acetyldeoxynivalenol,
and fusarenone-X in conventionally and organically produced unmilled and milled rice.
However, the levels of nivalenol were significantly higher (p < 0.05) in both organically
produced unmilled and milled rice compared to the corresponding conventionally grown
rice. The sample studies in this study were all obtained from grocery stores in South Korea.

Pesticide residues (i.e., p-nitrophenol, carbofuran, methyl parathion, and β-cyfluthrin)
were measured in cooked rice samples of unmilled conventionally and organically pro-
duced rice that was obtained in Thailand [35]. The cooked rice samples contained p-
nitrophenol (8.23 and 10.13 mg/kg, respectively). None of the other residues were found in
the cooked rice sample. Also, none of the pesticide residues were identified in the serum
from rats fed the cooked rice.

Rice obtained from organic and conventional farms in 16 regions of India was ex-
amined for pesticide residues [39]. The resides were from four groups of pesticides (i.e.,
organochlorine, carbamates, organophosphorous, and pyrethrites). The sites were chosen
to represent all of India’s rice-growing regions in the northern and central parts of the
country. Residues of organochlorines were present in all the conventionally grown rice
samples. Organochlorine pesticide residues were found in two out of ten organic farms.
These farms had both been converted from conventional to organic practices a few years
ago. The presence of carbamates and pyrithroid were found in conventional rice samples,
while no trace of either of these was found in the organic rice samples. Nothing related to
the organophosphorous levels in rice was discussed in the paper.

4. Discussion

Rice grain characteristics result from differences in the genetics of the rice variety and
environmental effects [3]. These effects include such things as the influence of climate,
soil quality, seeding rates, field in-puts, grain processing, and grain storage. Thus, a well-
designed study evaluating the effects of rice production practices would keep all of the
cultivars the same. The inputs’ type, amount, and application time (e.g., soil amendments,
soil type, fertilizers, pesticides, herbicides, and irrigation) would need to be reported in
detail. Also, there must be cultivars and environmental replications.

This systematic review found only a relatively small number of studies examining
sustainable agriculture practices’ effects on rice grain end-use quality, healthfulness, and
safety. They all examined organic practices specifically. The rice cultivars used varied from
study to study. In some studies, the cultivars were named; in others, they weren’t, as the
rice samples were obtained from retail markets. Most of the studies lacked details on how
the rice samples were grown, stored, milled, and packaged. Therefore, the results in this
review should be taken with caution, as most of the studies have error rates from poor
experimental design, limited or no reporting of how the rice kernels were processed and
stored before analysis, or inadequate statistical analysis [42].
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4.1. End-Use Quality

The translucence, shape, and uniformity are important aspects of rice end-use quality
for consumers, millers, wholesalers, and retailers [43]. Surprisingly few studies in this
review reported measuring aspects of grain appearance. Those that did examine rice grain
appearance either found very small differences or none at all. Differences in grain color
and chalk (i.e., opaque spots) between rice samples can often be seen using the naked eye.
Therefore, had large differences in appearance occurred in the studies where these traits
weren’t measured using instrumentation they would have still likely been reported. No
such differences were mentioned in the studies reviewed for this paper. Chalk is known
to have a genetic link and also an environmental cause, temperatures during grain filling
increase its levels [44,45]. Future studies need to examine cultivars that are susceptible
to developing chalk, expose them to low and high temperatures during grain filling, and
examine them for differences when grown under organic versus conventional conditions.

Consumers prefer rice that isn’t broken. Therefore, head rice yield is an extremely
important characteristic for rice farmers because millers are willing to pay more for rice
kernels that are whole and not broken. Some cultivars consistently have greater head rice
yield than others across different years and environmental conditions [3]. The two studies
that examined head rice yield in this review found conflicting results for one cultivar each,
grown in an organic versus the conventionally managed field. Thus, a conclusion on the
effects of organic growing conditions on head rice yield can’t be made.

People in different global regions prefer cooked rice with a particular suite of textural
properties. Rice with the preferred texture demands a premium price. Thus, it is important
to understand the effects of growing conditions on rice cooked rice texture. There are
fourteen aspects of cooked rice texture that are evaluated using trained sensory panels as
well as various instrumental methods that are predictive of some of these characteristics [3].
One study in this review reported that three aspects of texture (i.e., slickness, hardness,
and chewiness) were found by a trained sensory panel to be slightly influenced by organic
versus conventional cultural management [19]. These differences were associated with
grain protein content, which varies along with the dose of nitrogen applied during rice
growth [19,46]. Thus, if differences are seen due to cultural management practices, they
will likely be small and not be caused by the practices per se, but rather by changes in
protein content caused by the difference in nitrogen application rates.

The primary predictor of cooked rice texture is the amount of amylose the grains con-
tain and to a lesser degree the protein and lipid fractions (Fitzgerald 2004) [46]. Rice grains
are classified according to amylose content: waxy (0%); very low (3–9%); low (10–19%);
intermediate (20–25%); or high (>25%) [3]. The greater the amount of amylose the firmer
and the less sticky the cooked rice is. Cultivars in the same amylose category are expected to
have similar textural properties. The studies examined in this review indicate that organic
production practices either don’t influence the quantity of amlyose in milled rice grain or
have very little impact. When differences did occur, they were not large enough to move a
cultivar from one amylose classification to another.

The food processing industry tests the viscous properties of rice using cooking stirring
viscometers, typically a Rapid Visco Analyser (RVA) [47]. Some of these properties are
related to aspects of cooked rice texture [48]. For example, the setback parameter is
frequently used to predict cooked rice firmness/stickiness and pasting temperature is
used when the rice will be included as a source of carbohydrates in brewing. The studies
reviewed in this paper indicate that rice pasting properties will not likely be influenced by
organic versus conventional farming practices for most cultivars. If differences are seen,
they will probably be small and associated with grain protein content, which varies along
with the dose of nitrogen applied during rice growth, as discussed above [46,48].

The aroma of ‘fragrant rice’ is an aspect of end-use quality of particular importance,
as certain ethnic groups prefer it over nonfragrant rice; this impacts the market price of
fragrant rice. For example, many different varieties of the jasmine style of rice are consumed
in South East Asia, and many basmati styles of rice are consumed in South and Central



Foods 2023, 12, 73 20 of 25

Asia. Fragrant rice is commonly reported to smell similar to popcorn or bread-like due
to a compound it contains called 2-acetyl-1-pyrroline and likely due to other compounds
yet to be identified [49]. Various effects, such as genetics, environment, and cultural
management practices, are reported to impact the level of 2-acetyl-1-pyrroline in fragrant
rice [50–52]. Thus, it was surprising that Jasmine 85, a U.S. fragrant cultivar, had a similar
aroma when grown using different cultural management practices, specifically organic
and conventional [19]. Perhaps the difference lies in that all of the studies mentioned
above were performed by measuring 2-acetyl-1-pyrroline using laboratory instrumentation,
except for the one that evaluated Jasmine 85. The latter used a trained sensory panel to
evaluate the “popcorn” aroma and several other aspects of rice aroma. The differences
identified via instrumentation may be too small for humans to sense, and humans may also
be smelling aromatic compounds other than 2-acetyl-1-pyrroline in the fragrant rice.

4.2. Healthfulness

Micronutrients, vitamins, and minerals, are essential for human health, and their
deficiency in the diet remains a widespread problem, especially in low- and middle-income
countries (Bailey et al., 2015) [53]. The articles examined in this review evaluated three
minerals of particular importance for human health globally; Ca, Zn, and Fe. The latter
two are minerals of particular importance to this review since reliance on milled rice with
minimal dietary diversity contributes to Zn and Fe deficiency in developing countries [54].
Considerable variation in Zn and Fe levels exists within rice germplasm that is genotype
dependent [55]. Iron levels vary from 6.9 to 22.3 mg/kg and zinc concentration ranges
from 14.5 to 35.3 mg/kg in unpolished, brown rice. No trend in the effect of organic
versus conventional management practices on Zn and Fe levels was found in the studies
examined in this review. However, the data indicates that if organic production methods
impact Zn and Fe levels of rice, the effects are small and less than the variation that exists
between cultivars.

Interest in the effects of cultural management practices on gamma-oryzanol and tocols
is of interest because these compounds have been proposed to have human health-beneficial
properties [4,56]. Previous work suggested that in general the environment rice is grown
in has a greater effect on gamma-oryzanol and tocol levels than genotype ([57]. Similarly,
the studies examined in this review found that gamma-oryzanol and tocol levels were
influenced by the environment and cultivar. No trend was found for the effects of organic
versus conventional management methods. Although the data is limited, when there are
effects of cultural management on gamma-oryzanol and tocols they will likely be small and
less than the variation caused by differences in environment and cultivar.

4.3. Safety

Soil contamination with heavy metals has increased in certain regions of the world
because of the following anthropogenic activities: urbanization, industrialization, mining,
transportation, and agriculture [58,59]. Reports from several countries indicate that heavy
metal concentrations (i.e., As, Cd, Cr, Hg, Ni, and Pb) in rice often exceed guidance
values [60–62]. This elevated exposure to these metals creates an elevated risk to humans
that rely on rice for a significant portion of their food. Consequently, there is an increasing
need to mitigate the phytoaccumulation of heavy metals in rice.

The repeated use of inorganic fertilizers and metallo-pesticides is associated with
increased levels of heavy metals in rice-growing soil [63]. Thus, it has been proposed that
using organic cultural management practices may result in lower levels of heavy metals
in soils. However, soils that are already contaminated with heavy metals may still pose
a risk of contaminating rice with heavy metals even when under organic management.
Increasing soil organic matter is one of the primary cultural management goals of organic
farming, as it provides benefits such as an increase in the biodiversity of soil microflora,
which in turn helps the soil retain nutrients. However, a potential drawback of an enhanced
amount of organic matter in soil was reported by Zeng et al.) [64]. They reported that the
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bioavailability of Pb was positively correlated with the level of organic matter in the soil
used to grow rice because of the effects of organic matter on element mobilization and
bioavailability in soil.

In this review, none of the studies evaluated the same cultivars grown in the same
environment. Rice purchased from grocery stores can be a blend of several cultivars that
have been grown in fields with different levels of heavy metals, thus there is no way to fairly
evaluate the effects of cultural management practices. In addition, these studies didn’t use
statistical methods to evaluate the levels of heavy metals in the rice samples. Therefore, no
conclusions about the effects of organic versus conventional cultural management methods
on rice heavy metal content could be drawn.

Since 1960, the average yield of rice globally has more than doubled, as pesticides
have increased by 15 to 20-fold [65]. Significant evidence exists that the use and especially
the overuse of pesticides is associated with adverse effects on human health and non-target
organisms such as birds, bees, and fish [66–68]. We conclude that the studies evaluated in
this review found that organically produced rice grain was less likely to contain residues
of the pesticides examined in the study than the rice grown using conventional methods.
However, a problem with the design of one of the studies was that the reader wasn’t
informed of how long the field studied had been under organic management. Over time
some pesticides degrade and become nontoxic or less so [69]. The degradation rates of
pesticides vary along with the soil microbial composition and other soil factors, such as
pH and temperature [70]. Therefore, the length of time a field has been under organic
management needs to be recorded in studies designed to evaluate the effect of this cultural
management technique in comparison to conventional methods.

Mycotoxins are naturally occurring toxic contaminants found in cereal grains and
other foods [71]. These secondary metabolites are made by fungi which, when consumed,
have acute and long-term health risks for humans [72]. These fungi reportedly grow in rice
when certain conditions occur during “particular crop seasons, cultivation regions, and
agricultural practices (pre-harvest: paddy variety, crop residue management, and fertilizer
application; post-harvest: means of transportation and delayed drying time)” [73,74]. A
multi-year survey reported that the mycotoxin-producing fungi, Fusarium proliferatum, and
Aspergillus flavus, were found more commonly in fields managed using a combination of
fertilizers (organic and inorganic) or with crop debris compared to those fields that had
only inorganic fertilizer applied [73]. This review found that most studies related to fungi
and mycotoxin levels in rice-based food products and milled rice were difficult to interpret
because the data wasn’t analyzed statistically. However, Juan et al. found ochratoxin A in
some of the organically grown rice and rice products, but not in any of the products or rice
from conventionally managed fields [32]. Also, the levels of nivalenol were significantly
higher (p < 0.05) in organically grown rice (unmilled and milled) compared to the corre-
sponding conventionally grown rice [37]. Although the evidence is limited, the literature
suggests that rice and rice-based products may contain some fungi or some mycotoxins in
particular global regions while their conventionally produced rice counterparts don’t.

5. Conclusions

This review provides tentative conclusions that food processing companies and con-
sumers will not likely notice any aroma or processing quality differences between the same
rice cultivars grown using organic farming practices compared to conventional methods.
However, slight differences in cooked rice texture may be sensed due to differences in
kernel protein content which is known to impact rice texture. Differences in rice grain
protein content occur from exposure to different amounts of nitrogen, not likely due to
organic sources of nitrogen versus conventional sources. There was insufficient evidence to
evaluate the effect of organic production methods on chalk or milling yield. We conclude
that the studies evaluated in this review found that organically produced rice grain was less
likely to contain residues of the pesticides examined in the study than the rice grown using
conventional methods. There was some evidence that organically grown rice is more likely
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to be contaminated with mycotoxin-producing fungi and some mycotoxins. Common
shortcomings of some of the studies evaluated in this review were that they were poorly
designed, with limited to no details of the cultural management practices used to grow the
rice studied, cultivars were not named, and the data wasn’t analyzed statistically. Future
related research should use fields that have been under organic management for more than
two years, take place in more than one environment, and have a variety of soil types.

Author Contributions: Conceptualization, C.B.; methodology, C.B.; formal analysis, C.B. and M.P.;
investigation, C.B. and M.P.; writing—original draft preparation, C.B.; funding acquisition, C.B. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable for studies not involving humans or animals.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Acknowledgments: The authors thank Lateka Grays (Research and Education Librarian, UNLV) for
her contribution to the selection of the databases for use in this study.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Muthayya, S.; Sugimoto, J.D.; Montgomery, S.; Maberly, G.F. An overview of global rice production, supply, trade, and consumption.

Ann. N. Y. Acad. Sci. 2014, 1324, 7–14. Available online: https://onlinelibrary.wiley.com/doi/abs/10.1111/nyas.12540 (accessed
on 1 June 2022). [CrossRef]

2. Hamilton, R. How many rice varieties are there? Rice Today 2006, 3, 50. Available online: https://ricetoday.irri.org/how-many-
rice-varieties-are-there/ (accessed on 1 June 2022).

3. Bergman, C.J. Rice end-use quality analysis. In Rice, 4th ed.; Bao, J., Ed.; AACC International Press: Washington, DC, USA, 2019;
pp. 273–337. [CrossRef]

4. Dipti, S.S.; Bergman, C.; Inasari, S.D.; Herath, T.; Hall, R.D.; Lee, H.; Habibi, F.; Zaczuk Bassinello, P.; Graterol, E.; Ferraz, J.; et al.
The potential of rice to offer solutions for malnutrition and chronic diseases. Rice 2012, 5, 16. [CrossRef]

5. Childs, K.; Ouyang, S. Rice Genome Initiative. Princ. Pract. Plant Genom. 2019, 3, 205. [CrossRef]
6. Thompson, P.B. The Agrarian Vision: Sustainability and Environmental Ethics. J. Environ. Stud. Sci. 2010, 1, 271. [CrossRef]
7. NRC. Toward Sustainable Agricultural Systems in the 21st Century; Council CoT-FCSABoAaNRDoEaLSNR; National Academies

Press: Washington, DC, USA, 2010; Available online: https://nap.nationalacademies.org/catalog/12832/toward-sustainable-
agricultural-systems-in-the-21st-century (accessed on 1 June 2022).

8. Rebsdorf, S.O. ICROFS News 3/2009-Newsletter from ICROFS 2009 3. Available online: http://www.icrofs.org/pdf/icrofsnews/
2009_3.pdf (accessed on 1 June 2022).

9. Lotter, D.W. Organic Agriculture. J. Sustain. Agric. 2003, 21, 59–128. [CrossRef]
10. Schreefel, L.; Schulte, R.P.O.; De Boer, I.J.M.; Schrijver, A.P.; Van Zanten, H.H.E. Regenerative agriculture—The soil is the base.

Global Food Security 2020, 26, 100404. [CrossRef]
11. Patlavath, R.; Albert, S. Organic basmati rice cultivation in India: Challenges from field to flight–A review article. Int. J. Agric.

Technol. 2021, 17, 607–626. Available online: http://www.ijat-aatsea.com (accessed on 1 June 2022).
12. Winter, C.K.; Davis, S.F. Organic Foods. J. Food Sci. 2006, 71, R117–R124. [CrossRef]
13. Nearly Two-Thirds of Americans Have Tried Organic Foods and Beverages. Available online: https://www.webwire.com/

ViewPressRel.asp?aId=5889 (accessed on 2 December 2022).
14. Zheng, Q.; Zeng, H.; Xiu, X.; Chen, Q. Pull the Emotional Trigger or the Rational String? A Multi-Group Analysis of Organic

Food Consumption. Foods 2022, 11, 1375. Available online: https://www.ncbi.nlm.nih.gov/pubmed/35626945 (accessed on 1
June 2022). [CrossRef]

15. Smith-Spangler, C.; Brandeau, M.L.; Hunter, G.E.; Bavinger, J.C.; Pearson, M.; Eschbach, P.J.; Sundaram, V.; Liu, H.; Schirmer, P.;
Stave, C.; et al. Are Organic Foods Safer or Healthier Than Conventional Alternatives? Ann. Intern. Med. 2012, 157, 348–366.
[CrossRef] [PubMed]

16. Moher, D.; Shamseer, L.; Clarke, M.; Ghersi, D.; Liberati, A.; Petticrew, M.; Shekelle, P.; Stewart, L.A. Preferred reporting
items for systematic review and meta-analysis protocols (PRISMA-P) 2015 statement. Syst. Rev. 2015, 4, 1. Available online:
https://www.ncbi.nlm.nih.gov/pubmed/25554246 (accessed on 1 June 2022). [PubMed]

17. Higgins, J.P.; Thomas, J.; Chandler, J.; Cumpston, M.; Li, T.; Page, M.J.; Welch, V.A. (Eds.) Cochrane Handbook for Systematic Reviews
of Interventions; John Wiley & Sons: Hoboken, NJ, USA, 2019.

https://onlinelibrary.wiley.com/doi/abs/10.1111/nyas.12540
http://doi.org/10.1111/nyas.12540
https://ricetoday.irri.org/how-many-rice-varieties-are-there/
https://ricetoday.irri.org/how-many-rice-varieties-are-there/
http://doi.org/10.1016/B978-0-12-811508-4.00009-5
http://doi.org/10.1186/1939-8433-5-16
http://doi.org/10.1201/9781439845523
http://doi.org/10.1007/s13412-011-0025-0
https://nap.nationalacademies.org/catalog/12832/toward-sustainable-agricultural-systems-in-the-21st-century
https://nap.nationalacademies.org/catalog/12832/toward-sustainable-agricultural-systems-in-the-21st-century
http://www.icrofs.org/pdf/icrofsnews/2009_3.pdf
http://www.icrofs.org/pdf/icrofsnews/2009_3.pdf
http://doi.org/10.1300/J064v21n04_06
http://doi.org/10.1016/j.gfs.2020.100404
http://www.ijat-aatsea.com
http://doi.org/10.1111/j.1750-3841.2006.00196.x
https://www.webwire.com/ViewPressRel.asp?aId=5889
https://www.webwire.com/ViewPressRel.asp?aId=5889
https://www.ncbi.nlm.nih.gov/pubmed/35626945
http://doi.org/10.3390/foods11101375
http://doi.org/10.7326/0003-4819-157-5-201209040-00007
http://www.ncbi.nlm.nih.gov/pubmed/22944875
https://www.ncbi.nlm.nih.gov/pubmed/25554246
http://www.ncbi.nlm.nih.gov/pubmed/25554246


Foods 2023, 12, 73 23 of 25

18. Chen, M.; McClung, A.M. Effects of Cultivars, Organic Cropping Management, and Environment on Antioxidants in Whole
Grain Rice. Cereal Chem. 2015, 92, 364–369. [CrossRef]

19. Champagne, E.T.; Bett-Garber, K.L.; Grimm, C.C.; McClung, A.M. Effects of Organic Fertility Management on Physicochemical
Properties and Sensory Quality of Diverse Rice Cultivars. Cereal Chem. 2007, 84, 320–327. [CrossRef]

20. Cho, J.; Lee, H.J.; Kim, G.A.; Kim, G.D.; Lee, Y.S.; Shin, S.C.; Park, K.; Moon, J. Quantitative analyses of individual γ-Oryzanol.
(Steryl Ferulates) in conventional and organic brown rice (Oryza sativa L.). J. Cereal Sci. 2012, 55, 337–343. Available online:
http://www.sciencedirect.com/science/article/pii/S0733521012000173 (accessed on 1 June 2022). [CrossRef]

21. Tuaño, A.P.P. Content of tocols, gamma-oryzanol. and total phenolics and grain quality of brown rice and milled rice applied
with pesticides and organic and inorganic nitrogen fertilizer. Philipp. Agric. Sci. 2011, 94, 211–216.

22. van Quyen, N.; Sharma, S. Relative effect of organic and conventional farming on growth, yield and grain quality of scented rice
and soil fertility. Arch. Agron. Soil Sci. 2003, 49, 623–629. [CrossRef]

23. Alves, G.H.; Paraginski, R.T.; Lamas, N.D.S.; Hoffmann, J.F.; Vanier, N.L.; de Oliveira, M. Effects of Organic and Conventional
Cropping Systems on Technological Properties and Phenolic Compounds of Freshly Harvested and Stored Rice. J. Food Sci. 2017,
82, 2276–2285. [CrossRef]

24. Keawpeng, I.; Meenune, M. Physicochemical properties of organic and inorganic Phatthalung Sungyod rice. Int. Food Res. J.
2012, 19, 857. Available online: https://www.proquest.com/docview/1315524718?pq-origsite=gscholar&fromopenview=true
(accessed on 1 June 2022).

25. Kakar, K.; Xuan, T.D.; Noori, Z.; Aryan, S.; Gulab, G. Effects of Organic and Inorganic Fertilizer Application on Growth, Yield,
and Grain Quality of Rice. Agriculture 2020, 10, 544. [CrossRef]

26. Thomas, R.; Yeoh, T.K.; Wan-Nadiah, W.A.; Bhat, R. Quality Evaluation of Flat Rice Noodles (Kway Teow) Prepared from Bario
and Basmati Rice. Sains Malays. 2014, 43, 339–347. Available online: https://core.ac.uk/download/pdf/19790502.pdf (accessed
on 1 June 2022).

27. Barbosa, R.M.; de Paula, E.S.; Paulelli, A.C.; Moore, A.F.; Souza, J.M.O.; Batista, B.L.; Campiglia, A.D.; Barbosa, F. Recognition of
organic rice samples based on trace elements and support vector machines. J. Food Compos. Anal. 2016, 45, 95–100. [CrossRef]

28. Batista, B.L.; Souza, J.M.O.; De Souza, S.S.; Barbosa Jr., F. Speciation of arsenic in rice and estimation of daily intake of different
arsenic species by Brazilians through rice consumption. J. Hazard. Mater. 2011, 191, 342–348. [CrossRef] [PubMed]

29. Cirillo, T.; Ritieni, A.; Visone, M.; Cocchieri, R.A. Evaluation of conventional and organic Italian foodstuffs for deoxynivalenol.
and fumonisins B(1) and B(2). J. Agric. Food Chem. 2003, 51, 8128–8131. [CrossRef] [PubMed]

30. González, L.; Juan, C.; Soriano, J.M.; Moltó, J.C.; Mañes, J. Occurrence and daily intake of ochratoxin A of organic and non-organic
rice and rice products. Int. J. Food Microbiol. 2006, 107, 223–227. [CrossRef]

31. Hernández-Martínez, R.; Navarro-Blasco, I. Survey of total mercury and arsenic content in infant cereals marketed in Spain and
estimated dietary intake. Food Control 2013, 30, 423–443. [CrossRef]

32. Juan, C.; Moltó, J.C.; Lino, C.M.; Mañes, J. Determination of ochratoxin A in organic and non-organic cereals and cereal products
from Spain and Portugal. Food Chem. 2008, 107, 525–530. [CrossRef]

33. Juskelis, R.; Li, W.; Nelson, J.; Cappozzo, J.C. Arsenic speciation in rice cereals for infants. J. Agric. Food Chem. 2013, 61,
10670–10676. Available online: http://www.scopus.com/inward/record.url?eid=2-s2.0-84887713709&partnerID=40&md5=af026
d5e589cb3094056e6ba00c32e15 (accessed on 1 June 2022). [CrossRef]

34. Keawpeng, I.; Meenune, M. Changes in cooking behavior of organic and inorganic Phatthalung Sungyod rice during ageing. Thai
J. Agric. Sci. 2011, 44, 348–353.

35. Mesomya, W.; Sutthivaiyakit, P.; Cuptapun, Y.; Hengsawadi, D. Effects of organic rice compared with conventional rice on serum
lipids in rats. Kasetsart J.-Nat. Sci. 2009, 43, 703–708. Available online: https://li01.tci-thaijo.org/index.php/anres/article/view/
244747/167225 (accessed on 1 June 2022).

36. Mesomya, W.; Sutthivaiyakit, P.; Cuptapun, Y.; Hengsawadi, D. Effects of organic and conventional rice on protein efficiency ratio
and pesticide residue in rats. Maejo Int. J. Sci. Technol. 2012, 6, 470–482. Available online: https://www.proquest.com/docview/
1268828977?pq-origsite=gscholar&fromopenview=true (accessed on 1 June 2022).

37. Ok, H.E.; Choi, S.; Chang, H.J.; Chung, M.; Chun, H.S. Occurrence of five 8-ketotrichothecene mycotoxins in organically and
conventionally produced cereals collected in Korea. Food Control 2011, 22, 1647–1652. [CrossRef]

38. Poletti, J.; Pozebon, D.; Barcellos de Fraga, M.V.; Dressler, V.L.; de Moraes, D.P. Toxic and micronutrient elements in organic,
brown and polished rice in Brazil. Food Addit. Contam. Part B Surveill. Commun. 2014, 7, 63–69. [CrossRef]

39. Rekha; Naik, S.N.; Prasad, R. Pesticide residue in organic and conventional food-risk analysis. J. Chem. Health Saf. 2006, 13, 12–19.
[CrossRef]

40. Segura, F.R.; de Oliveira Souza, J.M.; De Paula, E.S.; Jrda, C.M.; Paulelli, A.C.C.; Barbosa, F., Jr.; Batista, B.L. Arsenic speciation in
Brazilian rice grains organically and traditionally cultivated: Is there any difference in arsenic content? Food Res Int. 2016, 89,
169–176. [CrossRef] [PubMed]

41. Hunnell, J.W.; Yasumatsu, K.; Moritaka, S. Iron Enrichment of Rice—Chapter 8. In Iron Fortification of Foods; Clydesdale, F.M.,
Wiemer, K.L., Eds.; Academic Press: Cambridge, MA, USA, 1985; pp. 121–132. [CrossRef]

42. Campbell, K.G.; Thompson, Y.M.; Guy, S.O.; McIntosh, M.; Glaz, B. “Is, or is not, the two great ends of Fate”: Errors in agronomic
research. Agron. J. 2015, 107, 718–729. [CrossRef]

http://doi.org/10.1094/CCHEM-11-14-0240-R
http://doi.org/10.1094/CCHEM-84-4-0320
http://www.sciencedirect.com/science/article/pii/S0733521012000173
http://doi.org/10.1016/j.jcs.2012.01.005
http://doi.org/10.1080/03650340310001612979
http://doi.org/10.1111/1750-3841.13802
https://www.proquest.com/docview/1315524718?pq-origsite=gscholar&fromopenview=true
http://doi.org/10.3390/agriculture10110544
https://core.ac.uk/download/pdf/19790502.pdf
http://doi.org/10.1016/j.jfca.2015.09.010
http://doi.org/10.1016/j.jhazmat.2011.04.087
http://www.ncbi.nlm.nih.gov/pubmed/21601359
http://doi.org/10.1021/jf030203h
http://www.ncbi.nlm.nih.gov/pubmed/14690407
http://doi.org/10.1016/j.ijfoodmicro.2005.10.001
http://doi.org/10.1016/j.foodcont.2012.08.016
http://doi.org/10.1016/j.foodchem.2007.08.019
http://www.scopus.com/inward/record.url?eid=2-s2.0-84887713709&partnerID=40&md5=af026d5e589cb3094056e6ba00c32e15
http://www.scopus.com/inward/record.url?eid=2-s2.0-84887713709&partnerID=40&md5=af026d5e589cb3094056e6ba00c32e15
http://doi.org/10.1021/jf401873z
https://li01.tci-thaijo.org/index.php/anres/article/view/244747/167225
https://li01.tci-thaijo.org/index.php/anres/article/view/244747/167225
https://www.proquest.com/docview/1268828977?pq-origsite=gscholar&fromopenview=true
https://www.proquest.com/docview/1268828977?pq-origsite=gscholar&fromopenview=true
http://doi.org/10.1016/j.foodcont.2011.03.023
http://doi.org/10.1080/19393210.2013.845249
http://doi.org/10.1016/j.chs.2005.01.012
http://doi.org/10.1016/j.foodres.2016.07.011
http://www.ncbi.nlm.nih.gov/pubmed/28460902
http://doi.org/10.1016/B978-0-12-177060-0.50015-3
http://doi.org/10.2134/agronj14.0167


Foods 2023, 12, 73 24 of 25

43. Fitzgerald, M. Chapter 12—Rice: Grain-Quality Characteristics and Management of Quality Requirements. In Cereal Grains,
2nd ed.; Woodhead Publishing: Sawston, UK, 2017; pp. 291–315. [CrossRef]

44. Lisle, A.J.; Martin, M.; Fitzgerald, M.A. Chalky and translucent rice grains differ in starch composition and structure and cooking
properties. Cereal Chem. 2000, 77, 627–632. [CrossRef]

45. Ishimaru, T.; Parween, S.; Saito, Y.; Shigemitsu, T.; Yamakawa, H.; Nakazono, M.; Masumura, T.; Nishizawa, N.K.; Kondo, M.;
Sreenivasulu, N. Laser microdissection-based tissue-specific transcriptome analysis reveals a novel regulatory network of genes
involved in heat-induced grain chalk in rice endosperm. Plant Cell Physiol. 2019, 60, 626–642. [CrossRef]

46. Martin, M.; Fitzgerald, M.A. Proteins in rice grains influence cooking properties. J. Cereal Sci. 2002, 36, 285–294. [CrossRef]
47. Balet, S.; Guelpa, A.; Fox, G.; Manley, M. Rapid Visco Analyser (RVA) as a tool. for measuring starch-related physiochemical

properties in cereals: A review. Food Anal. Methods 2019, 12, 2344–2360. Available online: https://escholarship.org/uc/item/0cf6
r30w (accessed on 1 June 2022). [CrossRef]

48. Champagne, E.T.; Bett, K.L.; Vinyard, B.T.; McClung, A.M.; Barton, F.E.I.; Moldenhauer, K.; Linscombe, S.; McKenzie, K.
Correlation between cooked rice texture and rapid visco analyser measurements. Cereal Chem. 1999, 76, 764–771. [CrossRef]

49. Calingacion, M.; Laborte, A.; Nelson, A.; Resurreccion, A.; Concepcion, J.C.; Daygon, V.D.; Mumm, R.; Reinke, R.; Dipti, S.;
Bassinello, P.Z.; et al. Diversity of global rice markets and the science required for consumer-targeted rice breeding. PLoS ONE
2014, 9, e85106. [CrossRef] [PubMed]

50. Fitzgerald, M.A.; McCouch, S.R.; Hall, R.D. Not just a grain of rice: The quest for quality. Trends Plant Sci. 2009, 14, 133–139.
[CrossRef] [PubMed]

51. Champagne, E.T. Rice aroma and flavor: A literature review. Cereal Chem. 2008, 85, 445–454. [CrossRef]
52. Bhattacharjee, P.; Singhal, R.S.; Kulkarni, P.R. Basmati rice: A review. Int. J. Food Sci. Technol. 2002, 37, 1–12. [CrossRef]
53. Bailey, R.L.; West Jr, K.P.; Black, R.E. The epidemiology of global micronutrient deficiencies. Ann. Nutr. Metab. 2015, 66, 22–33.

[CrossRef]
54. Black, R.E.; Allen, L.H.; Bhutta, Z.; Bhutta, A.; Caulfi, L.E.; De Onis, M.; Ezzati, M.; Mathers, C.; Rivera, J. Maternal and child

undernutrition: Global and regional exposures and health consequences. Lancet 2008, 371, 243–260. [CrossRef]
55. Maganti, S.; Swaminathan, R.; Parida, A. Variation in iron and zinc content in traditional rice genotypes. Agric. Res. 2020, 9,

316–328. [CrossRef]
56. Bergman, C.J. Rice: Prevention and Management of Type 2 Diabetes and Coronary Heart Disease. In The Future of Rice Demand:

Quality Beyond Productivity; de Oliveira, A.C., Pegoraro, C., Viana, V.E., Eds.; Springer International Publishing: New York, NY,
USA, 2020; pp. 205–223. [CrossRef]

57. Bergman, C.J.; Xu, Z. Genotype and environment effects on tocopherol, tocotrienol, and gamma-oryzanol. contents of Southern
U.S. rice. Cereal Chem. 2003, 80, 446–449. [CrossRef]

58. Facchinelli, A.; Sacchi, E.; Mallen, L. Multivariate statistical and GIS-based approach to identify heavy metal sources in soils.
Environ. Pollut. 2001, 114, 313. [CrossRef]

59. Wei, B.; Yang, L. A review of heavy metal contaminations in urban soils, urban road dusts and agricultural soils from China.
Microchem. J. 2010, 94, 99–107. [CrossRef]

60. Shimbo, S.; Zhang, Z.; Watanabe, T.; Nakatsuka, H.; Matsuda-Inoguchi, N.; Higashikawa, K.; Ikeda, M. Cadmium and lead
contents in rice and other cereal products in Japan in 1998–2000. Sci. Total Environ. 2001, 281, 165–175. [CrossRef] [PubMed]

61. Meharg, A.A.; Williams, P.N.; Adomako, E.; Lawgali, Y.Y.; Deacon, C.; Villada, A.; Cambell, R.C.J.; Sun, G.; Zhu, Y.; Feldmann,
J.; et al. Geographical variation in total and inorganic arsenic content of polished (white) rice. Environ. Sci. Technol. 2009, 43,
1612–1617. [CrossRef]

62. Zarcinas, B.A.; Pongsakul, P.; McLaughlin, M.J.; Cozens, G. Heavy metals in soils and crops in Southeast Asia 2. Thailand.
Environ. Geochem Health 2004, 26, 359–371. [CrossRef]

63. Gimeno-García, E.; Andreu, V.; Boluda, R. Heavy metals incidence in the application of inorganic fertilizers and pesticides to rice
farming soils. Environ. Pollut. 1996, 92, 19–25. [CrossRef] [PubMed]

64. Zeng, F.; Ali, S.; Zhang, H.; Ouyang, Y.; Qiu, B.; Wu, F.; Zhang, G. The influence of pH and organic matter content in paddy soil
on heavy metal availability and their uptake by rice plants. Environ. Pollut. 2011, 159, 84–91. [CrossRef]

65. Oerke, E. Crop losses to pests. J. Agric. Sci. 2006, 144, 31–43. [CrossRef]
66. Mostafalou, S.; Abdollahi, M. Pesticides and human chronic diseases: Evidences, mechanisms, and perspectives. Toxicol. Appl.

Pharm. 2013, 268, 157–177. [CrossRef]
67. Kohler, H.R.; Triebskorn, R. Wildlife ecotoxicology of pesticides: Can we track effects to the population level and beyond? Sci.

Mag. 2013, 341, 759–765. [CrossRef]
68. Gill, R.J.; Ramos-Rodriguez, O.; Raine, N.E. Combined pesticide exposure severely affects individual and colony-level traits in

bees. Nature 2012, 491, 105–108. [CrossRef]
69. Anonymous. Pesticides Industry Sales and Usage 2006 and 2007 Market Estimates. Available online: https://www.epa.gov/

sites/default/files/2015-10/documents/market_estimates2007.pdf (accessed on 1 June 2022).
70. Ragnarsdottir, K.V. Environmental fate and toxicology of organophosphate pesticides. J. Geol. Soc. 2000, 157, 859–876. [CrossRef]
71. Marroquin-Cardona, A.G.; Johnson, N.M.; Phillips, T.D.; Hayes, A.W. Mycotoxins in a changing global environment—A review.

Food Chem. Toxicol. 2014, 69, 220–230. [CrossRef] [PubMed]

http://doi.org/10.1016/B978-0-08-100719-8.00012-7
http://doi.org/10.1094/CCHEM.2000.77.5.627
http://doi.org/10.1093/pcp/pcy233
http://doi.org/10.1006/jcrs.2001.0465
https://escholarship.org/uc/item/0cf6r30w
https://escholarship.org/uc/item/0cf6r30w
http://doi.org/10.1007/s12161-019-01581-w
http://doi.org/10.1094/CCHEM.1999.76.5.764
http://doi.org/10.1371/journal.pone.0085106
http://www.ncbi.nlm.nih.gov/pubmed/24454799
http://doi.org/10.1016/j.tplants.2008.12.004
http://www.ncbi.nlm.nih.gov/pubmed/19230745
http://doi.org/10.1094/CCHEM-85-4-0445
http://doi.org/10.1046/j.1365-2621.2002.00541.x
http://doi.org/10.1159/000371618
http://doi.org/10.1016/S0140-6736(07)61690-0
http://doi.org/10.1007/s40003-019-00429-3
http://doi.org/10.1007/978-3-030-37510-2_9
http://doi.org/10.1094/CCHEM.2003.80.4.446
http://doi.org/10.1016/S0269-7491(00)00243-8
http://doi.org/10.1016/j.microc.2009.09.014
http://doi.org/10.1016/S0048-9697(01)00844-0
http://www.ncbi.nlm.nih.gov/pubmed/11778949
http://doi.org/10.1021/es802612a
http://doi.org/10.1007/s10653-005-4670-7
http://doi.org/10.1016/0269-7491(95)00090-9
http://www.ncbi.nlm.nih.gov/pubmed/15091407
http://doi.org/10.1016/j.envpol.2010.09.019
http://doi.org/10.1017/S0021859605005708
http://doi.org/10.1016/j.taap.2013.01.025
http://doi.org/10.1126/science.1237591
http://doi.org/10.1038/nature11585
https://www.epa.gov/sites/default/files/2015-10/documents/market_estimates2007.pdf
https://www.epa.gov/sites/default/files/2015-10/documents/market_estimates2007.pdf
http://doi.org/10.1144/jgs.157.4.859
http://doi.org/10.1016/j.fct.2014.04.025
http://www.ncbi.nlm.nih.gov/pubmed/24769018


Foods 2023, 12, 73 25 of 25

72. Hussein, H.S.; Brasel, J.M. Toxicity, metabolism, and impact of mycotoxins on humans and animals. Toxicology 2001, 167, 101–134.
[CrossRef] [PubMed]

73. Phan, L.T.K.; Tran, T.M.; Audenaert, K.; Jacxsens, L.; Eeckhout, M. Contamination of Fusarium proliferatum and Aspergillus
flavus in the rice chain linked to crop seasons, cultivation regions, and traditional agricultural practices in Mekong Delta, Vietnam.
Foods 2021, 10, 2064. [CrossRef]

74. Nielsen, K.F.; Mogensen, J.M.; Johanson, M.; Larsen, T.O.; Frisvad, J.C. Review of secondary metabolites and mycotoxins from the
Aspergillus niger group. Anal. Bioanal. Chem. 2009, 395, 1225–1242. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1016/S0300-483X(01)00471-1
http://www.ncbi.nlm.nih.gov/pubmed/11567776
http://doi.org/10.3390/foods10092064
http://doi.org/10.1007/s00216-009-3081-5

	Introduction 
	Methods 
	Inclusion Criteria 
	Information Sources 
	Study Selection Process 
	Exclusion Criteria 
	Data Analysis 
	Risk of Bias 

	Results 
	Identification of Included Studies 
	Study Characteristics 
	End-Use Quality Traits 
	Healthfulness Traits 
	Safety Traits 

	Discussion 
	End-Use Quality 
	Healthfulness 
	Safety 

	Conclusions 
	References

