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Abstract

BACKGROUND: Peanut consumption has little effect on body weight, despite its high energy density and is associated with
reduced cardiovascular disease risk. Based on previous research, we hypothesized that the consumption ofwhole peanutwould
be associated with greater improvements in body composition, lipid profile, and biomarkers of inflammation and oxidative
stress.

METHODOLOGY: Twenty-four women with obesity [body mass index (BMI) > 30 kg m−2], 33.1 ± 8.7 years old, were assigned
to three groups and consumed 56 g of whole peanut (WP), skinned peanut (SP), and no peanut (NP) and consumed energy-
restricted diets (250 kcal d−1 less than their customary diet) for 8 weeks.

RESULTS: WP group lost an average of 3.2 kg, while SP group lost 2.6 kg and the NP group 1.8 kg. However, only the groups that
consumed peanuts showed a significant reduction in BMI. WP group presented lower body weight, BMI, waist circumference,
total lean mass, and total body fat than the SP group in the eighth week. There was a significant reduction in total cholesterol
and low-density lipoprotein (LDL) after 4 weeks of intervention, which was maintained in week-8 for the WP and SP groups. In
addition, there was an improvement in platelets and plasma homocysteine with WP group.

CONCLUSION: Our results suggest that the regular intake of the whole peanut as part of an energy-restricted diet showed
health benefits since it enhanced body weight loss, besides improving body composition and reducing cholesterol, platelets,
and homocysteine concentrations.
© 2021 Society of Chemical Industry.
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INTRODUCTION
Obesity is a complex multifactorial disease and is a major chal-
lenge for global health.1 Inflammation and oxidative stress have
been postulated as important risk factors that link obesity to
chronic diseases.2 The subclinical inflammation in obesity is char-
acterized by a higher concentration of proinflammatory cyto-
kines, such as C-reactive protein (CRP), interleukin-6 (IL-6), and
tumor necrosis factor-alpha (TNF-⊍). Simultaneously, excessive
adiposity is associated with antioxidant defense reduction and,
consequently, higher oxidative product formation. Furthermore,
increases in oxidative stress induced by inflammation contribute
to the development and progression of obesity-comorbidities.2-5

Consumption of food with anti-inflammatory and antioxidant
nutrients might bring benefits for individuals with obesity.2

Although peanuts have a high-fat content, their consumption
has been associated with health benefits, including reduced risk
for cardiovascular disease and type 2 diabetes.6-10 This effect

has been attributed to their content of mostly unsaturated fatty
acids, protein, dietary fiber, an array of vitamins and minerals,
and bioactive substances.11 Themainmonounsaturated fatty acid
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present in peanuts is oleic acid, which is resistant to lipid peroxi-
dation during storage.12

Peanut skin may be consumed as a part of the whole peanut
with no adverse effects and as an abundant source for polyphe-
nols, such as catechins, resveratrol and procyanidins as highly
active antioxidants.11,13-15 The antioxidant capacity of the whole
peanut is associated with various human health-related condi-
tions, among them, reducing risk of cancer, cardiovascular and
Alzheimer's disease, and delaying aging.14 The anti-inflammatory
property of peanut skin extract has been demonstrated cell cul-
ture, by reducing the production of inflammatory cytokines,
TNF-⊍ and IL-6, in cultured human monocytic THP-1 cells in
response to lipopolysaccharide.15 Bansode et al.11 also reported
that water-soluble polyphenolic extract of peanut skin reduced
body weight and epididymal fat, plasma and liver triacylglycerol
and cholesterol levels in rats on a Western diet. Taken together,
we hypothesized that whole unskinned peanut consumption
may provide additional health benefits, particularly to individuals
with obesity.
Within this context, the study aimed to evaluate the effects of

whole peanut intake (unskinned versus skinned) on body compo-
sition, lipid profile and inflammatory and oxidative processes
in women with obesity on a low energy-restricted dietary
intervention.

METHODS AND MATERIALS
Participants
Twenty-four adult women with obesity [body mass index (BMI) >
30 kg m−2] at reproductive age participated. They were weight
stable (±5 kg) during the previous 6 months; had good dental
health and a constant level of physical activity. Those allergic to
peanut or, with existing diabetes, gastrointestinal problems, car-
diovascular disease, pregnant or breastfeeding, or with a history
of long-term medication use or cigarette smokers were excluded
from the study.
All procedures were approved by the Ethics Committee on

Human Research at the Federal University of Viçosa (protocol
no. 013/2010). All participants were informed about the purpose,
possible risks, and benefits of the study before giving their written
consent to participate. All participants signed an Informed Con-
sent form according to the resolution 196/96 of the National
Health Council of Brazil and the principles of the Declaration of
Helsinki.
The sample size was calculated according to Mera et al.,16 con-

sidering body weight as the primary variable and based on a
change in body weight of 7% and standard deviation of 9.09 kg,
according to Sales.17 The statistical power was set at 90% with a
significance level of 5%.

Study design
This was an 8-week randomized, parallel clinical trial. The partici-
pants adhered to a restrictive diet providing 250 kcal d−1 less
than the customary intake of their groupmean andwere assigned
to one of three groups (n= 8): whole peanut (WP), skinned peanut
(SP), and no peanut (NP). A researcher not directly involved in the
sample selection was responsible for randomization. For every six
participants engaged in the study, two were selected for each
group: WP, SP, or NP group, until the estimated sample number
was reached. Block randomization was used to avoid or lessen
possible imbalances at some point in the randomization process.
The groups WP and SP consumed 56 g of peanuts daily.

Assessments of dietary intake, anthropometric measurements,
body composition and energy expenditure, blood pressure, lipid
profile, transaminases, metabolic, inflammatory and oxidative
biomarkers were performed at baseline, week 4, and at the end
of the intervention period (week 8).

Dietary intervention
Participants were asked to complete three non-consecutive
days of food records (two weekdays and one weekend day).
The food records were analyzed using DietPro software (ver-
sion 5.2i) to evaluate the average consumption of energy and
macronutrients. Then, 250 kcal was subtracted from the aver-
age caloric intake of the subjects of each group to promote
∼2 kg of weight loss during the trial (8 weeks). The NP group
consumed no peanuts during the trial, whereas WP and SP
groups consumed 56 g of whole or skinned roasted peanuts
daily, respectively. The participants were instructed to con-
sume the total amount of peanut at one time 30 min before
their midday meal. They received the portions once per week,
when they were also questioned about their compliance the
prior week. They also reported their daily peanut intake on their
diet records during weeks 4 and 8.
Peanuts, runner variety, were donated by Yoki®. They were

roasted at 180 °C for 20 min and, then, divided into two lots,
one whole (unskinned) and one skinned. The portions were pro-
vided once a week to the participants.
All the experimental diets provided 45–65% of energy from

carbohydrates, 10–35% from proteins and 20–35% from fat
according to Acceptable Macronutrient Distribution Ranges
(AMDR).18 The energy provided by peanuts in the WP and SP
groups was offset in the balance of the diet; thus, the total
energy prescription was comparable to all three treatments.
Since the dietary intervention was in free-living conditions, par-
ticipants were instructed to use a self-selected exchange food
list and to exclude any other peanuts or tree nuts during the
intervention period.

Anthropometrics, body composition, energy expenditure,
and blood pressure
Body weight, height, waist and hip circumference, body composi-
tion and resting energy expenditure (REE) were measured in the
fasting state. Waist circumference was measured at the smallest
curvature of the body below the rib, at the midaxillary line. Body
composition (total body fat, lean mass, and body water) was
assessed by bioelectrical impedance (Biodynamics model 310).
Participants were at the end of the follicular phase of their men-
strual cycle and abstained from coffee, alcohol and fattymeal con-
sumption the day before and water in 4 h preceding
measurement.
Respiratory gas exchange was measured by indirect calorimetry

using a ventilated respiratory canopy (Deltatrac II, MBM-200;
Datex-Engstrom Instrumentarium Corporation, Helsinki, Finland).
The volume consumption and carbon dioxide production were
measured under fasting conditions for 60 min and participants
remained awake and motionless as much as possible. Then, the
fasting REE was obtained and the respiratory quotient (RQ) was
calculated. The energy expenditure measurements were per-
formed at baseline and week 8. After at least 5 min of rest, blood
pressure was measured with an aneroid sphygmomanometer.
Body composition, and blood pressure measurements were per-
formed at baseline and weeks 4 and 8.
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Dietary intake assessment
Participants provided 3-day food records (two non-consecutive
weekdays and one weekend day). Total energy was evaluated,
as well as energy distribution. Macronutrient intake, fatty acid pro-
file, cholesterol and fiber consumption were determined using
Dietpro 5.2i software (Agromídia, Viçosa, Brazil). Data on dietary
intake were collected at baseline and weeks 4 and 8 (three food
records each week).

Biochemical analyses
Fasting blood samples were collected and plasma and serum
were separated by centrifugation (1.507 × g, 15 min, 5 °C) and
stored at −80 °C. Analysis of total cholesterol, fractions [very
low-density lipoprotein (VLDL), low-density lipoprotein (LDL)
and high-density lipoprotein (HDL)] and triacylglycerol was mea-
sured by enzymatic colorimetry; glucose by the glucose oxidase
method; creatinine by colorimetric a kinetic method; urea by
enzymatic colorimetric method-urease; aspartate aminotransfer-
ase (AST) and alanine aminotransferase (ALT) were analyzed by
a kinetic method (Bioclin, Quibasa – Química Básica Ltd, Belo hor-
izonte, MG, Brazil). In addition, the complete blood count (plate-
let) was analyzed by flow cytometry.
Among the inflammatory markers, adiponectin [Linco Research,

Human Adiponectin enzyme-linked immunosorbent assay (ELISA)
Kit, catalogue no. 10-EZHADP-61K], TNF-⊍ (Assay designs, Human
TNF-⊍ Elisa Kit, catalogue no. 900-099), and IL-6 (Assay designs,

Human TNF-⊍ Elisa Kit, catalogue no. 900-033) were determined
by ELISA.
Automated analytical methods were used to measure ultra-

sensitive CRP (us-CRP), and fibrinogen. Homocysteine analysis
was performed using high-performance liquid chromatography
(HPLC). Leptin and insulin, were analyzed by radioimmunoassay.
The homeostasis model assessment of insulin resistance (HOMA-
IR) was calculated according to Matthews et al.19

The oxidative biomarkers measured were oxidized low-density
lipoprotein (Ox-LDL) (Mercodia, Oxidized LDL ELISA, catalogue
no. 10-1143-01), and total plasma antioxidant capacity (Cayman
Chemical Company, Ann Arbor, MI, USA, Antioxidant Assay Kit, cat-
alogue no. 709001), by ELISA and colorimetric assay, respectively.
Inflammatory parameters (IL-6 and TNF-⊍) were analyzed at

baseline and week 8. The other biochemical parameters were also
analyzed on week 4.

Statistical analysis
Statistical analyses were performed using SPSS, version 13.0
(Chicago, IL, USA). Parametric and non-parametric tests were used
based on results from Shapiro–Wilk tests of normality. A 5% level
of significance was adopted. Data are presented as mean
± standard deviation (SD) when the data follow a normal
distribution; otherwise, it is presented as median, minimum and
maximum.
For comparisons within the group, the Friedman test was per-

formed for non-parametric analyses, followed by theWilcoxon test.

Table 1. Anthropometric and body composition at baseline, week 4 and week 8

Group Baseline Week-4 Week-8 P

Body weight (kg) WP 84.2 ± 7.7Aa 81.8 ± 8.2Ba 81.0 ± 8.5Ca 0.005
SP 87.0 ± 14.0Aa 85.6 ± 14.8Bb 84.4 ± 14.2Cb 0.005
NP 83.7 ± 8.9Aa 82.5 ± 10.0Ba 81.9 ± 9.9Ca 0.004

P 0.0674 0.007 0.004
BMI (kg m−2) WP 32.3 ± 2.0Aa 31.4 ± 2.3Ba 31.2 ± 2.4Ba 0.002

SP 33.6 ± 3.8Aa 32.3 ± 4.2Bb 32.4 ± 3.0Bb 0.002
NP 32.8 ± 2.5Aa 32.4 ± 2.7Ab 32.1 ± 2.5Ab 0.074

P 0.096 0.003 0.001
Waist (cm) WP 98.9 ± 10.4Aa 90.9 ± 5.4Ba 89.5 ± 5.3Ba 0.008

SP 101.0 ± 9.3Aa 98.2 ± 9.6Bb 97.7 ± 8.7Bb 0.016
NP 95.7 ± 5.9Aa 90.7 ± 3.5Ba 86.13 ± 4.3Ba 0.007

P 0.166 0.005 0.003
Waist/hip ratio WP 0.85 ± 0.1Aa 0.83 ± 0.1Aa 0.82 ± 0.1Aa 0.454

SP 0.82 ± 0.1Aa 0.80 ± 0.1Aa 0.81 ± 0.1Aa 0.646
NP 0.81 ± 0.1Aa 0.77 ± 0.1Aa 0.78 ± 0.1Aa 0.542

P 0.558 0.290 0.509
Total lean mass (%) WP 61.8 ± 1.6Aa 63.3 ± 1.4Ba 64.7 ± 2.2Ba 0.000

SP 57.8 ± 2.1Ab 58.1 ± 3.5Ab 59.7 ± 2.6Bb 0.000
NP 61.5 ± 1.5Aa 63.2 ± 2.7Ba 63.7 ± 2.1Ba 0.000

P 0.000 0.001 0.001
Total body fat (%) WP 38.0 ± 3.8Aa 37.2 ± 3.2Aa 36.7 ± 4.1Ba 0.018

SP 43.2 ± 3.3Ab 42.4 ± 3.6Bb 40.8 ± 3.8Bb 0.008
NP 38.4 ± 2.6Aa 36.9 ± 2.1Aa 35.5 ± 3.1Ba 0.018

P 0.018 0.040 0.021

Data are mean ± standard deviation. Different capital letters in the same line indicate statistical difference (P < 0.05) within groups (comparing base-
line, week 4 and week 8 in the same group); different lowercase letters in the same column indicate statistical difference (P < 0.05) between groups.
Groups: WP, whole peanut (n = 8); SP, skinned peanut (n = 8); NP, no peanut (n = 8); BMI, body mass index.
Values in bold are statistically significant (p < 0.05)
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For comparisons between groups, the Kruskal Wallis test was per-
formed for non-parametric data, followed by the Mann Whitney
test. For data that were normally distributed within and between
groups, analysis of variance (ANOVA) was followed by the least sig-
nificant difference (LSD) test. The analysis of respiratory gas
exchange measurements and RQ were performed by paired t-test.

RESULTS
Anthropometrics, body composition, energy expenditure,
and blood pressure
Twenty-six participants were enrolled. Two participants withdrew
due to difficulty in adhering to the diets, and 24 completed the
study. Participant age was 33.1 ± 8.7 years, weight 89.9

Table 2. Resting energy expenditure, respiratory quotient and blood pressure at baseline and week-8

Group Baseline Week-8 P

REE (kcal) WP 1665.0 ± 132.7a 1627.5 ± 143.6a 0.193
SP 1737.8 ± 141.6b 1767.5 ± 183.8b 0.448
NP 1661.3 ± 122.1a 1627.5 ± 145.8a 0.510

P 0.049 0.008
RQ WP 0.82 ± 0.01a 0.82 ± 0.05a 1.000

SP 0.82 ± 0.04a 0.82 ± 0.03a 1.000
NP 0.82 ± 0.02a 0.82 ± 0.02a 1.000

P 0.970 0.987
SBP (mmHg) WP 115.5 ± 7.0a 110.0 ± 15.2a 0.035

SP 130.0 ± 12.5a 125.0 ± 7.5a 0.008
NP 120.0 ± 15.5a 115.0 ± 17.5a 0.008

P 0.087 0.171
DBP (mmHg) WP 79.5 ± 6.3a 70.0 ± 8.2a 0.029

SP 89.5 ± 12.5a 80.0 ± 7.5a 0.001
NP 80.0 ± 11.3a 72.6 ± 17.5a 0.019

P 0.059 0.164

Data aremean ± standard deviation. Different lowercase letters in the same column indicate statistical difference (P< 0.05) between groups. Groups:
WP, whole peanut (n = 8); SP, skinned peanut (n = 8); NP, no peanut (n = 8); REE, resting energy expenditure; RQ, respiratory quotient; SBP, systolic
blood pressure; DBP, diastolic blood pressure.
Values in bold are statistically significant (p < 0.05)

Table 3. Energy, macronutrients, and fiber consumption at baseline, week 4 and week 8

Group Baseline Week-4 Week-8 P

WP 2111.3 (1623.6–2466.4)Aa 2117.8 (1623.6–2579.4)Aa 1710.2 (1606.8–2350.4)Aa 0.651
Energy (kcal d−1) SP 2225.0 (1987.7–2395.4)Aa 1972.0 (1592.0–2057.2)Aa 1735.4 (1613.3–2295.4)Aa 0.507

NP 2404.1 (1418.8–2370.4)Aa 2222.9 (1376.2–2370.4)Aa 2179.0 (1475.1–2246.0)Aa 0.325
P 0.853 0.875 0.842
Carbohydrate (g) WP 268.2 (200.1–354.3)Aa 223.2 (204.1–362.9)Aa 204.2 (157.5–282.4)Aa 0.368

SP 241.2 (209.8–262.9)Aa 205.3 (174.8–256.7)Aa 203.0 (189.7–245.2)Aa 0.438
NP 262.6 (176.4–289.1)Aa 254.2 (179.5–271.8)Aa 208.8 (160.6–259.5)Aa 0.607

P 0.108 0.086 0.674
Protein (g) WP 77.4 (67.6–83.4)Aa 72.8 (52.2–81.7)Aa 79.1 (54.5–100.5)Aa 0.368

SP 72.7 (69.4–89.7)Aa 76.0 (73.6–89.3)Aa 72.6 (58.3–91.3)Aa 0.878
NP 71.7 (61.5–89.4)Aa 67.3 (49.8–82.7)Aa 65.6 (40.3–68.8)Aa 0.072

P 0.108 0.208 0.116
Fat (g) WP 67.6 (56.0–92.9)Aa 73.5 (71.3–89.7)Aa 75.6 (63.4–91.0)Aa 0.651

SP 72.5 (66.3–121.9)Aa 74.0 (58.9–100.0)Aa 82.5 (66.3–119.0)Bb 0.004
NP 73.4 (51.9–95.1)Aa 75.4 (35.9–82.5)Aa 71.9 (40.9–103.5)Aa 0742

P 0.145 0.187 0.000
Fiber WP 18.7 (14.0–38.0)Aa 23.9 (14.9–37.9)Aa 17.9 (14.3–21.4)Aa 0.566
(g) SP 13.9 (12.8–23.5)Aa 20.0 (15.9–26.7)Ba 13.4 (12.8–23.5)Aa 0.001

NP 12.6 (10.4–24.7)Aa 15.9 (10.3–27.5)Aa 13.8 (12.2–20.3)Aa 0.607
P 0.229 0.462 0.205

Data are median (minimum −maximum). Different capital letters in the same line indicate statistical difference (P < 0.05) within groups (comparing
baseline, week 4 and week 8 in the same group); different lowercase letters in the same column indicate statistical difference (P < 0.05) between
groups. Groups: WP, whole peanut (n = 8); SP, skinned peanut (n = 8); NP, no peanut (n = 8).
Values in bold are statistically significant (p < 0.05)
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± 13.2 kg, and BMI 34.3 ± 3.7 kg m−2. At baseline, anthropometric
data did not differ between groups. The participants were ran-
domly divided into three groups of n = 8. Weight loss was
achieved in all groups. For the WP group, there was an average
loss of 3.2 kg, for the SP group 2.6 kg and the NP group 1.8 kg.
However, only the groups that consumed peanuts showed a sig-
nificant reduction in BMI. There was also a reduction in waist cir-
cumference, total body fat, and increased total lean mass for all
groups. The WP group differed from the SP group in the eighth
week in the variables weight, BMI, waist circumference, total lean
mass, and total body fat (Table 1).
Therewas a significant difference between thegroups for REE both

at baseline and week-8 (greater for the SP group); however, there
was no difference between week-8 and baseline in the same group.
In addition, there was no significant difference in the RQ (Table 2).
A significant reduction in systolic blood pressure (SBP) and

diastolic blood pressure (DBP) was observed in all groups after
the 8-week intervention. The reduction was 4.8% (SBP) and
11.9% (DBP) for the WP group; 3.8% (SBP) and 10.6% (DBP) for
the SP group; 4.2% (SBP) and 9.2% (DPB) for the NP group,
and were not significantly different between the groups
(Table 2).

Dietary intake assessment
The data reported in Tables 3 and 4 show maintenance of the
dietary pattern of all groups since the data are related to food
intake after the prescription of the energy-restricted diet at
baseline and weeks 4 and 8. The ratio of unsaturated to satu-
rated fatty acids was higher in the peanut groups compared to
the control group.

Biochemical analyses
There was a significant reduction in total cholesterol and LDL after
4 weeks of intervention maintained at week-8 for the WP and SP
groups. However, these reductions were not accompanied by a
decrease in HDL (Table 5).
There was a significant reduction in platelet aggregation for the

WP group only. There was also a reduction in the serum homocys-
teine concentration for the WP group and a significant difference
between the groups from baseline to week-8 (Table 6).
There was no change in IL-6 concentration related to the inter-

vention. There was a reduction in final concentrations, although
not statistically significant. There were significant changes in
TNF-⊍ concentration, with only a reduction observed in the NP
group (Table 7).
After 8 weeks of intervention, there was no change in plasma

ox-LDL concentration or the total plasma antioxidant capacity
(Table 8).

DISCUSSION
Despite their high energy density, peanuts can help prevent and
control obesity and its metabolic complications.20 The findings
provide new data on the effects of whole peanut intake
(unskinned versus skinned) on body composition, lipid profile,
and inflammatory and oxidative processes in obese women on a
low energy dietary intervention.
The intervention was effective in promoting weight loss, but

only the groups that consumed peanuts showed a significant
reduction in BMI after the fourth week. The level of physical activ-
ity throughout the study was constant, based on self-report, for all
women. Weight loss in the WP (−3.2 kg) and SP (−2.6 kg) groups

Table 4. Lipid profile consumption at baseline, week 4 and week 8

Group Baseline Week-4 Week-8 P

MUFA (g) WP 30.5 (27.8–31.9)Aa 28.1 (27.5–31.9)Aa 26.6 (23.0–33.5)Aa 0.256
SP 29.6 (29.3–41.6)Aa 33.4 (28.8–37.9)Ba 31.5 (30.6–43.3)Ab 0.04
NP 16.0 (24.6–30.1)Ab 15.6 (10.4–35.6)Ab 19.6 (10.8–25.6)Ac 0.417

P 0.036 0.031 0.000
PUFA (g) WP 21.3 (10.6–28.9)Aa 21.0 (20.6–28.5)Aa 19.7 (15.9–30.7)Aa 0.368

SP 17.4 (16.5–32.4)Aa 23.4 (12.4–28.1)Aa 25.9 (14.9–32.4)Aa 0.309
NP 19.1 (11.6–33.1)Aa 23.9 (11.5–24.5)Aa 19.4 (10.6-29)Ab 0.093

P 0.296 0.878 0.003
SFA (g) WP 23.6 (20.2–35.0)Aa 24.0 (15.0–35.0)Aa 23.9(20.2–26.8)Aa 0.135

SP 26.4 (19.9–35.0)Aa 26.7 (12.1–33.2)Aa 28.0 (14.7–36.0)Aa 0.846
NP 35.3 (14.5–36.1)Aa 35.2 (11.6–24.2)Aa 34.5(13.0–47.0)Aa 0.417

P 0.064 0.055 0.165
Col (mg) WP 211.9(178.7–362.3)Aa 174.6(160.1–362.3)Aa 176.5(207.4–269.4)Aa 0.368

SP 192.9(175.3–367.7)Aa 197.5(108.9–485.6)Aa 187.9(108.9–485.6)Aa 0.260
NP 197.5(119.2–358.5)Aa 109.5(101.2–208.3)Aa 113.2(134.2–173.5)Ab 0.008

P 0.785 0.229 0.011
UFA/SFA WP 2.2 (1.7–1.9)Aa 2.0 (1.7–3.2)Aa 1.9 (1.8–2.4)Aa 0.630

SP 2.1 (1.8–2.3)Aa 2.3 (1.9–3.4)Aa 2.2 (2.1–3.1)Aa 0.643
NP 1.4 (1.8–2.5)Ab 1.5 (1.1–2.5)Ab 1.6 (1.2–1.6)Ab 0.785

P 0.038 0.046 0.037

Data are median (minimum −maximum). Different capital letters in the same line indicate statistical difference (P < 0.05) within groups (comparing
baseline, week 4 and week 8 in the same group); different lowercase letters in the same column indicate statistical difference (P < 0.05) between
groups. Groups: WP, whole peanut (n = 8); SP, skinned peanut (n = 8); NP, no peanut (n = 8); MUFA, monounsaturated fatty acids; PUFA, polyunsat-
urated fatty acids; SFA, saturated fatty acids; Col, cholesterol; UFA, unsaturated fatty acids (PUFA + MUFA).
Values in bold are statistically significant (p < 0.05)
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was greater than expected (2 kg during the trial). There was a
reduction in waist circumference, total body fat, and increased
total lean mass for all groups. Reductions were greater for weight,
BMI, waist circumference, and total body fat in theWP group com-
pared to the SP group, while there was a greater increase of total
lean mass. Clinical and epidemiological studies show that fre-
quently consumed oilseeds, tree nuts, chestnuts and peanuts,
are associated with weight loss or no change.10,20-28 This effect
can be attributed to the possible increase in satiation/satiety by
mechanisms that are still not well understood.29,30 It can be a
result of the composition of fatty acids, fiber, and
protein,20,31 the low glycemic index of peanuts,32 and/or
the low energy absorption, due to the encapsulation of intra-
cellular fat by cell walls that are resistant to enzymatic and
microbial degradation in the gastrointestinal tract.20 Intact
cotyledon cells of almonds are lost in the feces.33 It is also
possible that the same happens with peanuts due to their

structural similarity.33,34 The increase in basal metabolic rate
may also explain the positive effect of peanuts on body
weight regulation, as observed by Alper and Mattes.30 These
authors reported an 11% increase in REE in normal-weight
adults after regular peanut consumption for 19 weeks. The
highly unsaturated fatty acid composition of peanuts and
their high protein content may promote increased energy
expenditure. Unsaturated fatty acids are reportedly preferen-
tially oxidized compared to saturated fatty acids,20,30 but
there was no significant difference in the RQ in this trial.
We observed a reduction in SBP and DBP in all groups, confirm-

ing that an energy-restricted diet that promotes weight loss can
reduce blood pressure.35 Dietary monounsaturated fatty acid
intake, especially oleic acid from plant food sources, has been
hypothesized to have a favorable effect on blood pressure.36

However, we did not observe significant differences between
groups after 8 weeks of intervention with peanut.

Table 5. Lipid profile, AST and ALT at baseline, week 4 and week 8

Group Baseline Week-4 Week-8 P

Total cholesterol (mg dL−1) WP 212.7 ± 32.9Aa 182.1 ± 43.4Ba 170.1 ± 57.8Ba 0.025
SP 208.3 ± 45.1Aa 180.4 ± 33.4Ba 176.5 ± 34.3Ba 0.032
NP 195.6 ± 24.7Aa 199.9 ± 26.6Aa 201.6 ± 24.7Ab 0.236

P 0.654 0.522 0.037
HDL (mg·dL−1) WP 45.9 ± 7.1Aa 47.1 ± 8.9Aa 48.6 ± 9.9Aa 0.847

SP 43.6 ± 12.7Aa 47.8 ± 18.5Aa 43.5 ± 13.7Aa 0.392
NP 46.8 ± 13.4Aa 50.1 ± 15.5Aa 49.0 ± 16.1Aa 0.469

P 0.854 0.913 0.666
VLDL (mg·dL−1) WP 17.8 ± 14.1Ab 13.5 ± 8.3Aa 15.2 ± 11Aa 0.325

SP 26.3 ± 16.2Aa 25.7 ± 16.5Aa 24.4 ± 18.9Aa 0.325
NP 15 ± 9.95Ab 18.4 ± 11.7Aa 17.3 ± 9.8Aa 0.417

P 0.036 0.108 0.188
LDL (mg·dL−1) WP 137.6 ± 31.9Aa 121.2 ± 34.3Ba 116.7 ± 28.4Ba 0.048

SP 135.9 ± 42.4Aa 106.6 ± 39.5Ba 106.2 ± 35.5Ba 0.036
NP 120.6 ± 26.8Aa 115.5 ± 31.4Aa 121.4 ± 28.5Aa 0.247

P 0.564 0.708 0.611
LDL/HDL WP 4.4 ± 0.7Aa 3.9 ± 0.9Aa 3.8 ± 0.8Aa 0.691

SP 5.1 ± 1.7Aa 4.2 ± 1.5Aa 4.3 ± 1.4Aa 0.468
NP 4.2 ± 1.4Aa 3.9 ± 1.4Aa 4.2 ± 1.3Aa 0.562

P 0.423 0.876 0.689
TAG (mg·dL−1) WP 89.7 ± 69Aa 68.5 ± 41.3Aa 76.0 ± 51.8Aa 0.607

SP 131.5 ± 8Ab 128.5 ± 82.3Aa 122.0 ± 94.5Aa 0.325
NP 75.0 ± 49.8Aa 91 ± 58.5Aa 86.5 ± 49.3Aa 0.417

P 0.034 0.108 0.105
AST WP 19 ± 9.5Aa 23 ± 11.5Aa 21.5 ± 11.3Aa 0.327

SP 15 ± 8.0Aa 17 ± 5.8Aa 18 ± 4.8Aa 0.247
NP 19 ± 6.0Aa 19 ± 13.0Aa 19 ± 10.8Aa 0.248

P 0.445 0.134 0.496
ALT WP 15 ± 7.5Aa 17.5 ± 12.3Aa 18.5 ± 12.3Aa 0.838

SP 16 ± 7.0Aa 16.5 ± 10.5Aa 17.5 ± 9.5Aa 0.331
NP 15 ± 7.5Aa 15 ± 5.5Aa 18.5 ± 11.3Aa 0.206

P 0.977 0.478 0.859

Data are represented as mean ± standard deviation. Different capital letters in the same line indicate statistical difference (P < 0.05) within groups
(comparing baseline, week 4 and week 8 in the same group); different lowercase letters in the same column indicate statistical difference
(P < 0.05) between groups. Groups: WP, whole peanut (n = 8); SP, skinned peanut (n = 8); NP, no peanut (n = 8); AST, aspartate aminotransferase;
ALT, alanine aminotransferase; TAG, triacylglycerol.
HDL, high-density lipoprotein; VLDL, very low-density lipoprotein; LDL, low-density lipoprotein.
Values in bold are statistically significant (p < 0.05)
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Table 6. Metabolic and inflammatory parameters at baseline, week 4 and week 8

Group Baseline Week-4 Week-8 P

Glucose (mg dL−1) WP 87.8 ± 12.0Aa 85.1 ± 12.9Aa 86.5 ± 5.0Aa 0.509
SP 89.3 ± 17.4Aa 88.4 ± 19.4Aa 93.0 ± 24.2Aa 0.768
NP 86.8 ± 13.4Aa 76.8 ± 8.2Aa 83.5 ± 9.9Aa 0.834

P 0.927 0.307 0.752
Insulin (μU mL−1) WP 10.0 ± 3.8Aa 11.4 ± 2.0Aa 11.5 ± 3.8Aa 0.580

SP 12.0 ± 7.2Aa 18.0 ± 14.0Aa 13.5 ± 6.4Aa 0.631
NP 8.6 ± 5.0Aa 12.2 ± 8.4Aa 10.4 ± 4.9Aa 0.259

P 0.601 0.733 0.350
HOMA-IR (μU mL−1) WP 2.5 ± 1.8Aa 2.4 ± 1.0Aa 2.3 ± 1.1Aa 0.687

SP 2.2 ± 5.1Aa 2.5 ± 6.1Aa 2.9 ± 5.8Aa 0.417
NP 1.4 ± 1.9Aa 1.6 ± 1.2Aa 2.0 ± 1.6Aa 0.180

P 0.482 0.244 0.251
Platelet (mil mm−3) WP 299.9 ± 58.0Aa 304.1 ± 17.5AB 288 ± 41.6Ca 0.039

SP 243.6 ± 63.6Aa 253.9 ± 61.6Aa 250.1 ± 63.4Aa 0.584
NP 299.3 ± 73.9Aa 314.4 ± 31.6Aa 312 ± 39.2Aa 0.452

P 0.217 0.057 0.090
Fibrinogen (mg dL−1) WP 360.1 ± 117.8Aa 317.8 ± 215.2Aa 321.7 ± 132.7Aa 0.072

SP 328.3 ± 173.8Aa 352.9 ± 200.6Aa 347.6 ± 113.2Aa 0.607
NP 281.8 ± 117.6Aa 390.1 ± 131.7Aa 266.4 ± 175.6Aa 0.093

P 0.165 0.774 0.560
Leptin (ng dL−1) WP 25.7 ± 14.0Aa 33.5 ± 14.6Aa 32.8 ± 16.3Aa 0.315

SP 30.9 ± 17.4Aa 37.4 ± 24.2Aa 44.8 ± 17.8Aa 0.521
NP 24.1 ± 9.2Aa 31.6 ± 9.5Aa 34.2 ± 9.0Aa 0.643

P 0.597 0.798 0.234
us-CRP (mg dL−1) WP 0.6 ± 1.3Aa 0.7 ± 1.4Aa 0.2 ± 0.6Aa 0.163

SP 0.7 ± 0.8Aa 0.8 ± 0.8Aa 0.9 ± 0.6Aa 0.565
NP 0.4 ± 1.0Aa 0.5 ± 0.6Aa 0.3 ± 0.7Aa 0.368

P 0.561 0.495 0.090
Homocystein (μmol L−1) WP 11.8 ± 3.8Aa 11.4 ± 3.6Ba 11.5 ± 3.0Ba 0.013

SP 7.6 ± 1.5Ab 7.7 ± 1.4Ab 7.3 ± 1.4Ab 0.653
NP 9.2 ± 1.9ab 10.4 ± 1.4Aa 9.8 ± 2.4Aa 0.548

P 0.038 0.011 0.011
Adiponectin (ng dL−1) WP 21.43 ± 11.27Aa 18.13 ± 8.04Aa 22.05 ± 7.51Aa 0.882

SP 19.29 ± 12.9 a 26.30 ± 8.98Aa 20.15 ± 11.9Aa 0.093
NP 19.00 ± 13.89Aa 26.36 ± 9.26Aa 27.11 ± 22.01Aa 0.093

P 0.970 0.087 0.174

Data are mean ± standard deviation. Different capital letters in the same line indicate statistical difference (P < 0.05) within groups (comparing base-
line, week 4 and week 8 in the same group); different lowercase letters in the same column indicate statistical difference (P < 0.05) between groups.
Groups: WP, whole peanut (n= 8); SP, skinned peanut (n= 8); NP, no peanut (n= 8); HOMA-IR, homeostasismodel assessment of insulin resistance; us-
CRP, ultra-sensitive C-reactive protein.
Values in bold are statistically significant (p < 0.05)

Table 7. Change in inflammatory cytokines (week 8 – baseline)

Group Mean ± standard deviation Median (minium – maximum) P

IL-6 (pg mL−1) WP −1.9 ± 2.7a −2.8 (−5.6–1.7) 0.757
SP −4.0 ± 9.2a 0.0 (−2.11–3.9)
NP −1.3 ± 6.6a −1.1 (−15–7.2)

TNF-⊍ (pg mL−1) WP 0.9 ± 2.0a 1.1 (−2.8–3.7) 0.006
SP 0.4 ± 0.9a 0.0 (−0.6–2.2)
NP −0.9 ± 4.7b −0.8 (−9.0–8.3)

Different lowercase letters in the same column indicate statistical difference (P< 0.05) between groups. Groups: WP, whole peanut (n= 8); SP, skinned
peanut (n = 8); NP, no peanut (n = 8); IL-6, interleukin-6; TNF-⊍, tumor necrosis factor alpha.
Values in bold are statistically significant (p < 0.05)

Whole peanut and obesity www.soci.org

J Sci Food Agric 2021 © 2021 Society of Chemical Industry. wileyonlinelibrary.com/jsfa

7

http://wileyonlinelibrary.com/jsfa


There were some biochemical improvements in comparison to
baseline in the peanut's groups. Peanut consumption for 4 weeks
was sufficient to reduce total cholesterol and LDL, without reduc-
ing HDL, consistent with published data.8,37 Peanuts contain
⊎-sitosterol, a phytochemical that can reduce cholesterol absorp-
tion with a consequent reduction in serum cholesterol.38 In the
present study, there was a non-significant reduction in triacylgly-
cerol. However, that is a clinically important effect, since the
reduction was 15.3% and 7.2% for the WP and SP groups, respec-
tively. It is possible that individuals with changes in lipid profile
derive the greatest benefits from including peanuts in the diet.
Jones et al.28 observed that participants who started the study
with triacylglycerol concentrations> 150 mg dL−1 had significant
reductions after 12 weeks of daily peanut consumption (42-g
serving), whereas participants who started the study with lower
normal concentrations had no change in triacylglycerol concen-
trations. A similar response to triacylglycerol was observed for
VLDL with a decrease of 14.6% and 7.2% for the WP and SP
groups, respectively, in our study. Urea and creatinine remained
unchanged throughout the treatment, reinforcing that the sub-
jects remained healthy.
Only the WP group showed a reduction in platelet aggregation

and homocysteine. Functional changes in platelet aggregation
that increase fibrin formation, and reduce fibrinolysis favor the
formation of thrombi. Limited data suggest that the ingestion of
monounsaturated fatty acids reduce platelet aggregation.39,40

Resveratrol and ⊎-sitosterol hold antioxidant effects and are pre-
sent in greater amounts in the skin of peanuts,38,41,42 which may
support the findings in theWP group. Antioxidants inhibit platelet
activation43 and reduce homocysteine concentration.44,45

We did not see changes in blood glucose, insulinemia, and
HOMA-IR. It is noteworthy that the subjects had normal plasma
glucose values at the beginning of the study, and blood glucose
has intrinsic and paracrine regulatory mechanisms.46 The
response to dietary intervention in normoglycemic individuals is
possibly lower or non-existent, especially over a short time frame
and weight loss of less than 10% of body weight.17,47There was an
increase, although not significant, in the leptin concentration in all
groups of 27.6%, 45%, and 42% for WP, SP and NP groups, respec-
tively. This finding may have been facilitated by adherence to the
diet and lower energy intake.48 However, this dietary change is
not due to the ingestion of peanuts since the control group
responded similarly.

Another relevant biomarker of cardiovascular diseases is fibrin-
ogen, which is synthesized in the liver, controls blood viscosity
and is positively related to visceral fat and BMI.49 The reduction
in fibrinogen is an important indicator of the reduced risk of car-
diovascular diseases. The decrease of 1 g L−1 of fibrinogen is
equivalent to a 45% reduction in the risk of myocardial infarc-
tion.50 The study of Sales showed a non-significant reduction of
0.56 g·L−1 in fibrinogen concentrations, which is equivalent to a
25% reduction in the risk of myocardial infarction.17 In the present
study, there was a reduction of 0.38 g L−1 for the WP group,
0.19 g L−1 for the SP group, and 0.15 g L−1 for the NP group,
which corresponds to a reduction of 17.1%, 8.6%, and 6.8% in
the risk of heart attack, respectively, assuming linearity of
response.
It is possible to find data on the reduction of CRP and fibrinogen

in studies that address the consumption of chestnuts and walnuts
in the context of a Mediterranean diet.51-53 However, this type of
diet has several nutritional factors that influence its results, not
only the consumption of oilseeds.54 We did not find a significant
reduction in CRP concentration.
We observed a slight but not significant increase in adiponectin

concentrations for all groups, probably attributable to weight loss
and fat mass in all treatments. In individuals with obesity, weight
loss was associated with increased adiponectin and a decrease in
CRP and fibrinogen. The authors concluded that long-termweight
loss (3 years) must exceed 10% to induce a combined significant
improvement in these inflammatory biomarkers.55 Thus, it is pos-
sible that the weight loss (∼3% considering all groups) promoted
by the short-term intervention in our study was not sufficient to
cause changes in these inflammatory biomarkers.
We did not see changes in the concentration of IL-6. Unexpect-

edly the TNF-⊍ showed a significant reduction in the NP group.
Studies evaluating the effect of nut consumption on inflamma-
tory biomarkers have reported conflicting results. Although
observational studies reveal anti-inflammatory effects associated
with nut consumption,56 clinical trials have failed to consistently
verify this result. Small sample size and clinical heterogeneity
could explain the disparities in the results. Caldas et al. showed
that intake of 56 g of peanut for 4 weeks by overweight men
did not modify IL-10, TNF, IL-6, or CRP concentrations.2 This evi-
dence highlights the complexity involved in the relationship
between inflammation, obesity, and diet. The single addition of
monounsaturated fatty acid-rich food to the habitual diet without

Table 8. Oxidative parameters at baseline and weeks 4 and 8

Group Baseline Week-4 Week-8 P

Ox-LDL (U L−1) WP 40.2 ± 7.2a 42.8 ± 9.6a 46.2 ± 14.1a 0.614
SP 49.0 ± 18.8a 43.7 ± 13.4a 47.1 ± 12.8a 0.754
NP 44.0 ± 14.9a 35.8 ± 12.3a 44.4 ± 11.6a 0.672

P 0.481 0.363 0.921
TPAC (mmol L−1) WP 2.2 ± 0.9a 1.8 ± 0.6a 2.1 ± 0.8a 0.135

SP 2.2 ± 1.0a 1.6 ± 0.8b 2.4 ± 0.8a 0.073
NP 2.2 ± 0.9a 1.9 ± 0.6a 2.8 ± 1.1a 0.970

P 0.833 0.044 0.244

Data aremean ± standard deviation. Different lowercase letters in the same column indicate statistical difference (P< 0.05) between groups. Groups:
WP, whole peanut (n= 8); SP, skinned peanut (n = 8); NP, no peanut (n= 8); Ox-LDL, oxidative low-density lipoprotein; TPAC, total plasma antioxidant
capacity.
Values in bold are statistically significant (p < 0.05)
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other lifestyle interventions does not appear to be sufficient to
improve the inflammatory status in individuals with overweight
under free-living conditions.2

There was no change in ox-LDL concentration and the total
plasma antioxidant capacity. Since most subjects of this study
had no obesity-associated comorbidities, they were expected to
have a stable antioxidant status. Thus, the impact of peanut con-
sumption on oxidative status may have been attenuated. In
smokers, after almond supplementation, serum ⊍-tocopherol,
superoxide dismutase, and glutathione peroxidase increased
while 8-hydroxy-deoxyguanosine, malondialdehyde, and DNA
strand breaks decreased.57

There are limitations to the present study. The lack of data on
the phytochemical compounds present in peanuts is a limiting
factor since theymight have influenced the inflammatory and oxi-
dative stress markers. The short intervention period and small
sample size may be additional reasons for the limited treatment
effects of peanuts consumption. In addition, these results may
not be generalizable to men because the subjects were all
women.
In conclusion, our results suggest that the regular intake of

whole peanuts as part of an energy-restricted diet did not impair
body weight loss and reduction of fat mass. Further, it was associ-
ated with reduced concentrations of cholesterol, platelets, and
homocysteine.
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