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ABSTRACT
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Lycopene is one of  the six major dietary and serum carotenoids, and a potent antioxidant and anti-inflammatory agent. A large 
and growing body of  scientific evidence supports the role of  lycopene in multiple areas of  health, including cancer, prostate, 
cardiometabolic, lung, skin, and liver health, and elucidates lycopene’s mechanisms of  action. This paper provides an overview of  
several benefit areas, specifically prostate, testes, cardiovascular, liver and skin health.
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INTRODUCTION 

Carotenoids are naturally occurring, generally fat-soluble pig-
ments synthesized by plants, algae, and photosynthetic bac-

teria. Over 750 carotenoids are found in nature1 and 1,117 are 
catalogued in the Carotenoids Database.2 Carotenoids are re-
sponsible for the yellow, orange, and red colors in nature. Of  the 
40-50 carotenoids found in the human diet, lycopene is among 
the 6 most common dietary carotenoids, including α-carotene, 
β-carotene, β-cryptoxanthin, lutein, and zeaxanthin. These are 
grouped into provitamin A carotenoids (α-carotene, β-carotene, 
β-cryptoxanthin) and non-provitamin A carotenoids (lycopene, lu-
tein, and zeaxanthin). Lycopene contains 11 conjugated and 2 un-
conjugated double bonds and undergoes cis-trans isomerization 
through light, thermal energy and chemical reactions.3

 Lycopene is present in orange-red fruits and vegetables, 
such as tomatoes, papayas, red peppers, pink grapefruit, and wa-
termelons. The highest natural concentration is found in gac fruit, 
from a tropical vine in Southeast Asia.4 Tomatoes and tomato-
based products, such as ketchup, tomato juice, tomato paste and 
tomato sauce, provide at least 80% of  dietary lycopene in western 
countries such as the United States.5-7 The average daily consump-
tion of  lycopene in the western world is 5-7 mg.8 Lycopene from 
highly processed tomatoes is more bioavailable than that from raw 
tomatoes.9 Cooking and processing help release the lycopene from 
its plant matrix8 and convert lycopene from its natural straight 
(trans) structure to a more bioavailable geometric (cis) isomer,10-13 

because lycopene is fat soluble, dietary fat improves absorption.14

 Since the human body cannot synthesize lycopene, it 
must be consumed in the diet or taken as a dietary supplement. 
A significant portion of  intact lycopene is absorbed by humans, 
which circulates through and accumulates in the liver, plasma and 
other tissues. Lycopene is first emulsified and solubilized into mi-
celles before absorbed into the intestinal mucosa, then transported 
with other dietary lipids via chylomicrons through the lymphatic 
system to the blood. Lycopene is the most predominant carotenoid 
in the plasma15 and concentrates in low-density and very-low-den-
sity lipoprotein fractions of  serum due to its lipophilic nature.6,16 
Lycopene is found in most human tissues with preferential accu-
mulation in the testes, adrenal glands, liver and prostate.15,17

 Major health problems nowadays deal with the accumula-
tion of  reactive oxygen species (ROS) accompanied with abnor-
malities, such as inflammation and irregular lipid metabolism, that 
are the primary risk factor for the increased prevalence of  lifestyle 
metabolic diseases. ROS, also called free radicals, are highly reac-
tive, unstable molecules that contain oxygen, and a build-up of  
these may cause damage to deoxyribonucleic acid (DNA), ribonu-
cleic acid (RNA), and proteins, and ultimately may cause cell death. 
With 11 conjugated double bonds, lycopene is one of  the most 
potent antioxidants and free radical scavengers18-23 with stronger 
antioxidant properties than other serum carotenoids.24,25 Lycopene 
has the highest singlet oxygen quenching rate of  the carotenoids, 
specifically twice that of  β-carotene and 10 times greater than 
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α-tocopherol.26,27 By reducing the burden of  ROS and oxidative 
stress, lycopene has been shown to prevent oxidative damage to 
lipids, proteins and cells.5,28

 
PROSTATE HEALTH 

Prostate cancer is the second most frequently diagnosed cancer in 
men globally and the fifth leading cause of  death worldwide.29 In 
the United States, after skin cancer, prostate cancer is the second 
most common cancer in men, accounting for 9.5% of  all new 
cancer cases.30,31 The primary risk factors are obesity, age, and 
family history. Positive prostate health outcomes have been as-
sociated with dietary intake of  tomatoes, tomato-based products 
and lycopene supplementation, and lycopene blood levels.32-35 In 
a dose-response meta-analysis of  lycopene and prostate cancer 
research, Chen, et al demonstrated that higher lycopene con-
sumption between 9 and 21 mg/day and higher circulating levels 
of  lycopene between 2.17 and 85 μg/dL were associated with a 
reduced risk of  prostate cancer.34 Both lycopene supplementa-
tion (15 mg/d for 6-months) and consumption of  lycopene-rich 
foods for 6-months have been shown to increase mean lycopene 
(1.28× and 1.42× higher, respectively, compared to placebo) in 
men with elevated prostate-specific antigen (PSA) levels.36 Cir-
culating pyruvate levels are associated with an increased risk 
of  prostate cancer. Lycopene supplementation (15 mg/d for 
6-months) decreased circulating pyruvate levels in men with el-
evated PSA levels.37

 Oxidative stress plays a role in prostate cancer by in-

creasing ROS and cancer cell proliferation, thus causing somatic 
DNA mutations and increased angiogenesis.38 In addition to its 
ability to quench free radicals, lycopene may reduce the risk of  
prostate cancer by additional mechanisms. Lycopene impacts in-
tercellular communication modulation and the alteration of  intra-
cellular signaling pathways,14 which include an upregulation in in-
tercellular gap junctions,39 an increase in cellular differentiation,40 
and alterations in phosphorylation of  some regulatory proteins.41 
Physiological concentrations of  lycopene have been shown to 
inhibit cell line proliferation in combination with α-tocopherol42 
and lycopene was shown to inhibit prostate cancer cell prolifera-
tion via PPAR-LXRa-ABCA1 pathway.43 Lycopene attenuates the 
risk of  prostate cancer by modulating the expression of  growth 
and survival associated genes, e.g. CDK7, BCL2, EGFR, and IGF-
1R.44 Multiple lycopene doses showed significant improvement 
in survival rate of  and significant reduction of  tumor volume in 
mice injected with prostate cancer cell lines.45

Male Infertility

Infertility affects an estimated 70 million people globally,46 where 
male infertility contributes to 50% of  the cases, according to the 
World Health Organization (WHO). Evidence suggests that oxi-
dative stress caused by excessive amounts of  ROS plays a role in 
idiopathic male infertility.47 This results in sperm membrane lipid 
peroxidation, DNA damage, and apoptosis leading to decreased 
sperm viability and motility.48 Lycopene concentration in testes is 
significantly lower in infertile men.49 Supplementation has been 
shown to increase seminal plasma lycopene,50 and lycopene may 

Table 1. Recent Studies - Lycopene and Prostate/Testes

Authors Population Lycopene Dose Results

Aly H et al.56 Wistar rats 4 mg/kg bw, 16-days

Significant prevention of 
- Testes weight reduction
- ↓in sperm count, motility, viability and daily sperm production
- activation of Caspase-3 and -9

Nouri M et al.58 44 infertile men 25 mg lycopene, 12-weeks
Lycopene group significant ↑ total sperm count and concentration (p<0.05)
Within group significant ↑ ejaculate volume, total sperm count, concentration and motility
Significant ↑ TAC (p<0.05)

Tripathy A et al.57 Adult proven-fertile 
male Wistar rates 

1.5 mg/0.5 ml 
Tween-80/100 g bw/d 
30-days

Significant recovery in 
- Sperm count and motility, HOS tail-coiled spermatozoa (p<0.001)
- Testicular Δ5, 3β-HSD, 17β-HSD activities (p<0.05)
- Catalase (p<0.02 in testis, p<0.05 in sperm)
- SOD (p<0.05 in testis and sperm) 
- CD, MDA (p<0.02)
- Testicular cholesterol (p<0.05)
- Serum testosterone (p<0.05)
- Gene expression of testicular apoptic markers (Bax p<0.02, Bcl-2 & Caspase-3 p<0.05)
- Gene expression of testicular androgenic enzymes ( Δ5 & 3β-HSD p<0.02, 17β-HSD  
  p<0.05)
- SGOT, SGPT (p<0.05)

Xu Q et al.35 Male Wistar rats 4 mg/kg bw, 60-days

Inhibited BaP-caused decrease in sperm motility and concentration, increase in head, tail 
and total abnormal sperm rate
↓ MDA, ROS, TBARS
↑ GPx, GSH/GSSG, CAT, SOD

Beynon RA et al.37
133 human men 
50-69-years with 
elevated PSA

15 mg (capsules, blinded), 
lycopene-rich foods, 
unblinded, 6 months

↓ Circulating pyruvate (higher levels linked to higher PCA risk)

Jiang L et al.45 Male mice 0, 1, 5, or 10 mg/kg 
Significant improvement (p<0.01) in survival rate
Significant ↓ tumor volume (p<0.001) all doses
↓ in serum inflammatory markers (IL1, IL6, IL8, and TNF-α) dose dependent

Lane JA et al.36
133 human men 
50-69-years with 
elevated PSA

15 mg (capsules, blinded), 
lycopene-rich foods, 
unblinded, 6-months

↑ mean lycopene 1.28x higher in capsule and 1.42x higher in food than placebo

http://dx.doi.org/10.17140/AFTNSOJ-6-163
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play a role as an antioxidant in the process of  spermatogenesis.49

 Multiple lycopene supplementation studies have shown 
promising results in reducing male infertility in both human and 
animal models. Results include a decrease in lipid peroxidation 
and DNA damage, an increase in sperm count and viability, and 
general immunity.48 Lycopene has been shown to reduce lipid per-
oxidation.51,52 Lycopene increases sperm count.51,53-58

 Daily supplementation of  4-8 mg lycopene improves 
sperm motility,59,60 which was also shown in animal studies.56,61 
Daily supplementation with 14 mg lactolycopene, a combination 
of  lycopene with whey protein, was shown to improve sperm 
motility and morphology in young healthy men.62 Durairajanaya-
gam et al concluded that daily 4-8 mg lycopene supplementation 
for 3-12-months is sufficient to treat male infertility.48,59,60 Supple-
mentation of  20 mg/d lycopene for 3-months prior to in vitro 
fertilization (IVF) treatment resulted in 7 spontaneous pregnan-
cies prior to treatment and 15 pregnancies post treatment and a 
significant improvement in docosahexaenoic acid (DHA)/arachi-
donic acid (AA) ratio in seminal plasma.63 Twenty-five lycopene 
supplementation over 12-weeks in infertile men resulted in a sig-
nificant increase in sperm count and concentration and a signifi-
cant increase in transient aplastic crisis (TAC) (Table 1).58

CARDIOVASCULAR HEALTH

Cardiovascular disease (CVD) is the leading cause of  mortality 
worldwide. Key risk factors include high blood pressure, high 
cholesterol and smoking. Damage and remodeling of  blood ves-
sels can result in blood flow restrictions affecting the heart and 
central nervous system in CVD, and atherosclerosis is the leading 
cause of  CVD.64

 Evidence suggests that Mediterranean countries have 
lower risks of  CVD mortality when compared to other regions of  
Europe and the United States.65 This effect has been attributed to 
a diet rich in vegetables, including tomatoes, tomato products and 
olive oil.66,67 While low plasma levels of  lycopene have been re-
ported in hypertension, myocardial infarction, stroke, and athero-
sclerosis,68,69 dietary intake and high serum concentration of  lyco-
pene significantly reduced the risk of  major cardiac events.70,71 In 
addition, epidemiological studies support the role of  lycopene in 
the prevention of  cardiovascular disease.72

 Oxidative stress plays a significant role in cardiovascular 
disease64,73,74 and may be a major cause of  lycopene depletion in 
ageing and cardiovascular disease.72 Low carotenoid levels, espe-
cially decreased serum lycopene levels, were shown to be strongly 
predictive of  all-cause mortality and poor outcomes of  CVD.72 
Daily lycopene supplementation has been shown to increase se-
rum lycopene concentration75-77 and reduce oxidative stress mark-
ers and improve antioxidant status.78-82

 Anti-inflammatory mechanisms of  lycopene include 
the decrease of  adhesion molecules and pro-inflammatory cyto-
kines, inhibition of  leukocyte migration and genes involved in 
inflammation, impaired monocyte-endothelium interaction, T-
lymphocytes activation, synthesis of  advanced glycation products 
(AGE) and their receptors (RAGE), and down-regulation of  cy-
clooxygenase 2.83 Lycopene inhibited the expression of  ICAM-1, 
TNF-α induced NFkB activation and interaction between mono-
cytes and endothelial cells.84 Serum lycopene was inversely as-
sociated with VCAM-1 and LDL.85 Kim et al showed lycopene 
supplementation improved microvascular function, measured by 
decreased concentrations of  sVCAM and sICAM, a reduction in 
DNA damage, and an increase in superoxide dismutase (SOD) 
activity.86 Lycopene was shown to reduce the synthesis of  AGE, 

Table 2. Recent Studies - Lycopene and Cardiovascular Health

Authors Population Lycopene Dose Results

Abdel-Daim MM 
et al.81 56 Swiss albino mice 10 mg, 15-days

↑ GSH, GSH-Px, SOD, CAT
↓ Ck-MB, LHD, cTnT, NO, MDA
↓ caspase-3, Bax- and CK

Brito AK et al.100 30 male hamsters 25, 50 mg lycopene-rich 
extract, 28-days Significant ↓ TG, MDA-p, MDO

Kumar R et al.99 24 male SD rats 50 mg/kg, 45-days Significant ↑ HDL-C (p<0.05)
↓ TC, LDL-C, very LCL-C, TG

Petyaev IM et al.75
142 human adults with 
coronary vascular 
disease

7 mg either lactolycopene 
(Lac) or lycosome-
formulated GA lycopene 
(LYC), 4-weeks

LYC ↑ serum lycopene by 2.9- and 4.3-fold after 2 and 4-weeks
Lac by 0.5-fold after 4-weeks
LYC significant ↑FMD 1.1 points (10.7%) and StO2 1.9 points (15.9%) over baseline
LYC ↓ IgG (3×p<0.05), ox-LDL (5×p<0.05) and IOD (3×p<0.05)

Saracoglu G et al.80 Wistar albino STZ rats 4 mg/kg, 28-days ↑ GPx, SOD, CAT
↓ MDA

Yilmaz S et al.82 42 male Wistar albino 
rats 5 mg/kg, 15-days ↑ GSH, GST, GSH-Px, SOD, CAT, G6PD

↓ MDA

Zeng J et al.23 C57/BL6J mice 50 mg/kg, 5-weeks

↑ Inhibited cardiac hypertrophy and improved cardiac dysfunction
↓ ANP, BNP
↓ mitochondrial ROS, MAPKs
↑ HO-1, SOD1, CAT

Zheng Z et al. 78 T2DM rats 0, 5, 10, 15 mg/kg
 Lycopene, 10-weeks

Dose dependent ↓ oxidative stress markers (GHb, ox-LDL, and MDA) and inflammatory 
factors (TNF-α and CRP)
↑ TAC (CAT, SOD, and GPx)

http://dx.doi.org/10.17140/AFTNSOJ-6-163
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down regulating their receptors (RAGE) which contributes to 
vessel protection.87,88 Lycopene reduced inflammatory markers in 
various animal models.78,81,89

 Lycopene improves endothelial function by increasing 
the bioavailability of  nitric oxide (NO), improving endothelium-
dependent vasodilation, reducing protein, lipids, DNA and mito-
chondrial damage and increasing antioxidant potential.81,83,86,90-94 
Lycopene supplementation reduced DNA damage,93 up-regulat-
ed mitochondrial gene expression89 and reduced mitochondrial 
oxidation.23 Foot-and-mouth disease (FMD) was significantly in-
creased by 1.1 points (10.9%) with 4-weeks lycopene supplemen-
tation in adults with coronary vascular disease.75 Blood pressure 
was reduced with lycopene supplementation in individuals with 
stage 1 hypertension,95,96 who were otherwise healthy.86 

 Lycopene impacts blood lipids, where a dose-dependent 
reduction in intracellular cholesterol was seen in human studies, 
and lycopene and tomato products decreased plasma total cho-
lesterol, low-density lipoprotein (LDL) cholesterol and increased 
high-density lipoprotein (HDL) cholesterol in animal models.97 
Lycopene supplementation reduced cholesterol and LDL in 
healthy postmenopausal women.98 Significant increase in HDL 
and decrease in total cholesterol (TC), LDL and triglyceride (TG) 
were observed in lycopene-supplemented rats,99 significant de-
crease in TG in lycopene supplemented hamsters100 and a reduc-
tion in oxidized LDL in lycopene-supplemented humans75 and 
lycopene-supplemented rats.78

 Intima media thickness (IMT) is an established index of  
the structural change of  an artery101 and IMT, especially that of  
the carotid, is associated with the presence of  cardiovascular risk 
factors.102,103 Serum carotenoid and lycopene levels are inversely 
associated with intima-media thickness.104-107 Lycopene and lutein 
supplementation (20 mg each)resulted in a decrease in IMT after 
12-months, where the combination proved more effective com-

pared to lutein alone (Table 2).107

LIVER HEALTH

The liver is the largest visceral organ in the abdominal cavity 
and largest gland in the body, weighting about 1.5 kg in a healthy 
adult. The liver plays a major role in metabolism, including the 
production of  certain proteins, cholesterol and the conversion 
of  excess glucose to glycogen, and is involved in over 500 vital 
functions such as drug detoxification, the production of  bile and 
the synthesis of  steroid hormones.108-110 Non-alcoholic fatty liver 
disease (NAFLD), the most common form of  liver disease, refers 
to a group of  conditions resulting in excess fat in the liver(hepatic 
steatosis) of  people who drink little or no alcohol and involves 
the development of  insulin resistance, lipid peroxidation, oxida-
tive stress and inflammation.108,110,111 Global and US prevalence of  
NAFLD are both estimated at 24%.112

 As potent antioxidants and anti-inflammatory agents, 
carotenoids can play a role in protecting the liver against oxidative 
stress, insulin resistance and inflammation.111,113-116 In a prospec-
tive study of  Chinese adults aged 40-75-years, higher serum ca-
rotenoid concentrations were positively associated with NAFLD 
improvements, specifically in lowering serum RBP4, triglycerides, 
homeostasis model assessment-insulin resistance (HOMA-IR), 
and body mass index (BMI).114 Lycopene is one of  the most stud-
ied carotenoids regarding NAFLD117 due to multiple mechanisms 
beyond its antioxidant capacity, such as regulation of  gene ex-
pression and gap junctions, antiproliferative capacity, lipid peroxi-
dation and immune and hormonal modulation.27,118,119 

 Numerous animal models demonstrated a reduction in 
hepatic steatosis,119-121 reduced hepatic inflammation116,120,123-127 
reduced lipid peroxidation123,127,128 and antioxidant protec-
tion.116,120,125,127-131 In a study with Sprague-Dawley rats, lycopene 
and tomato extract resulted in a significant decrease in cyto-

Table 3. Recent Studies - Lycopene and Liver

Authors Population Lycopene Dose, 
Duration Results

Bandeira ACB et 
al.116 40 C57BL/6 male mice 10 mg/kg, 14-days

Improve redox state and antioxidant activity
↓ IL-1β, MMP-2
↑ CAT, GSH

Karaca A et al.131 Rats 5 mg/kg, 15-days Significantly↓ MDA, aspartate transaminase, alanine transaminase, lactate dehydrogenase
↑ glutathione, antioxidant enzymes

Li C-C et al.127 18 BCO1-/-/BCO2-/- 
double knockout mice

2.3 mg/g from tomato 
powder, 24-weeks

↓ Severity of hepatic steatosis
↑ SIRT1 
Significantly ↑ lipogenesis (p-AMPK and p-ACC)
↑ fatty acid oxidation (↑PPARα, cpt1, acox1 and↓ cd36, dgat1)
↓ inflammation (TNF-α, il-1β, il-6)

Sadek K et al.128 40 male albino rats 10 mg/kg, 15-days
↓ Fatty acid degeneration, lipid peroxidation and liver necrosis
↑ Antioxidant activity
↓ DNA fragmentation, apoptosis

Shimizu Y et al.126 BALB/c male mice 25 mg/kg, single dose Significant↓ proinflammatory cytokines (AST, ALT, IL-6, IFN-γ, TNF-α)
↑ Cell viability and growth

Wang J et al.125 30 male C57Bl/6J mice
0.03% lycopene w/w 
mixed into normal 
chow, 5-weeks

↓ LPS-induced insulin resistance and mitochondrial dysfunction
↓ Neuro and hepatic inflammation
↓ Circulating insulin and proinflammatory mediators ((TNF-α, il-1β, il-6)

Yin Y et al.79 T2DM Srague Dawley 
rats

10, 20 mg lycopene, 
10-weeks ↓ MDA and ↑ SOD and GSH-Px in pancreatic tissue

http://dx.doi.org/10.17140/AFTNSOJ-6-163
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chrome P450 2E1, inflammatory foci, and mRNA expression 
of  proinflammatory cytokines (TNF-α, IL-1β, and IL-12).123 Ly-
copene altered the down regulation of  the expression of  mes-
senger RNA-21 (mRNA-21) in mice.122 Tomato powder which 
contained 218.6 mg/g lycopene was shown to protect the liver 
against oxidative stress, fatty infiltration and necrosis caused by 
thermally oxidized tallow in a rat model.132 In a tramadol-induced 
hepatotoxicity rat model, lycopene reduced fatty acid degenera-
tion and necrosis, and lipid peroxidation, inhibited DNA frag-
mentation and apoptosis signaling, and increased antioxidant 
activity.128 Piña-Zentella et al demonstrated protective effects of  
lycopene against NAFLD in rats.133 Wang et al showed 5 weeks 
supplementation of  0.03% w/w lycopene added to chow ame-
liorated lipopolysaccharide (LPS)-induced insulin resistance and 
mitochondrial dysfunction in the mouse brain and liver.125 In a 
BCO1−/−/BCO2−/− double knockout mouse model, Li et al 
demonstrated 24-weeks of  supplementation of  2.3 mg lycopene 
from tomato powder reduced the severity of  hepatic steatosis, 
increased SIRT1, significantly increased lipogenesis and fatty acid 
oxidation, and reduced inflammation.127 Lycopene improved re-
dox imbalance, increased antioxidant enzymes, and decreased in-
flammation, attenuating the effects of  APAP-induced liver injury 
in mice (Tabel 3).116

SKIN HEALTH

The skin is the largest organ of  the body, accounting for approxi-
mately 15% of  total body weight. The skin protects against exter-
nal physical, chemical, and biological assailants, prevents excess 
water loss from the body, and regulates body temperature.134 Pho-
toaging is a result of  chronic DNA photo damage, lipid peroxida-
tion, and protein cross-linking from ultraviolet (UV)-generated 
ROS, which leads to premature wrinkling and pigmentary chang-
es, and photo-induced skin cancer. Photoaging can be prevented 
by sun avoidance or the use of  sunscreens, retinoids for collagen 
support and antioxidants to neutralize free radicals.118,135-138 

 Carotenoids accumulate in the skin and can protect 

against UV-generated ROS.139,140 Multiple factors impact their 
skin concentration. Dietary supplementation can increase skin 
carotenoid concentration, and oxidative stress, for example from 
cigarette smoking or exposure to UV-rays, can decrease their con-
centration.141 Lycopene skin and plasma concentration was shown 
to be comparable or higher than that of  β-carotene.142 Lycopene 
supplementation increases both skin and plasma lycopene con-
centration,75,76 and a correlation between lycopene skin and plas-
ma concentration has been demonstrated.75,76,143 Ribaya-Mercado 
et al found Lycopene to be the most quickly depleted antioxidant 
in skin upon solar radiation exposure, and suggest lycopene plays 
a role in mitigating photo-oxidative damage in tissues through 
protection against UV-radiation.142 A significant correlation be-
tween skin roughness and lycopene skin concentration has been 
seen.144

 Consumption of  lycopene and lycopene-rich products 
protects the skin against sunburn by increasing the basal defense 
against UV light-mediated damage.119 Studies have demonstrated 
supplementation with lycopene or lycopene-rich products, or-
lycopene mixed with other carotenoids or antioxidants reduce 
UV-induced erythema and increase minimal erythema dose 
(MED).77,145-148 Forty percent (40%) reduction in erythema result-
ed after 10 weeks daily consumption of  40 g tomato paste, equiv-
alent to 16 mg lycopene.145 Twelve weeks daily supplementation 
of  8 mg each of  lycopene, lutein and β-caroteneameliorates UV-
induced erythema.147 An increase in MED and reduction in UV-
induced erythema was observed after 7-weeks daily supplementa-
tion of  an antioxidant complex including lycopene, β-carotene, 
α-tocopherol and selenium.146 Lycopene-enriched tomato extract 
suppressed skin tumorigenesis in BALB/c mice, inhibited cell 
proliferation, decreased expression of  angiogenic genes and in-
creased expression of  transmembrane proteins.149 
 
 Lycopene protects the skin against photoaging by its 
antioxidative capacity, anti-inflammatory effects, impact on gene 
expression, and protection against lipid peroxidation.139,140,150-152 

Table 4. Recent Studies - Lycopene and Skin

Authors Population Lycopene Dose, Duration Results

Grether-Beck S 
et al.152

65 healthy human 
adults 10 mg daily, 12 weeks Inhibited mRNA expression of HO-1, MMP-1 and ICAM-1

Groten K et al.77 149 healthy human 
adults

15 mg lycopene, 5.8 mg 
phytoene and phytofluene, 
0.8 mg beta-carotene, 5.6 mg 
tocopherols from tomato 
extract and 4 m carnosic acid 
from rosemary or placebo

Protected against UVB-induced erythema
Significantly ↓ UVB-induced IL6 and TNFα
↑ plasma carotenoid levels

Koul A et al.149 60 male Balb/c mice 5 mg/kg bw lycopene-en-
riched tomato extract

↓ tumor incidence, size, number, burden and volume 
↓ mRNA and protein expression of VEGF, Ang-2, bFGF
↑ Cx-32, Cx-43

Petaev I et al.75 32 healthy human 
adults 7 mg daily, 4 weeks Significant ↑ serum concentration 2.6 & 3.4x over control after 2 & 4 wks, respectively

Stepwise ↑ in IF staining of skin corneocytes and sebum

Petaev I et al.76

120 healthy human 
adults; subgroup for 
supplementation 15 
healthy human adults

7 mg daily, 4 weeks

↑ Skin and serum lycopene concentration
Significant ↑ in desquamated corneocytes lycopene concentration during whole 
supplementation period
↑ in sebum lycopene concentration during first 2 weeks of supplementation

http://dx.doi.org/10.17140/AFTNSOJ-6-163
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Supplementation with lycopene-rich TNC and lutein-contain-
ing capsules resulted in a significant reduction of  UV-induced 
mRNA expression of  HO-1, MMP-1 and ICAM-1.139 Lycopene, 
β-carotene, α-tocopherol, and selenium supplementation showed 
a reduction of  UV-induced p53 expression, sun burn cells (SBCs) 
and lipoperoxide levels.146 Lycopene from tomato extract protect-
ed against upregulation of  proinflammatory cytokines.77 Supple-
mentation of  a lycopene, β-carotene and antioxidant combination 
inhibited the expression of  matrix metalloproteinase (Table 4).148

CONCLUSION

Lycopene, one of  the six most predominant carotenoids found 
in the human diet and plasma, is the most potent singlet oxygen 
quenching carotenoid and a strong anti-inflammatory agent. Ag-
ing and major health problems today deal with the accumulation 
of  ROS, including inflammation and irregular lipid metabolism. 
Due to its antioxidative and anti-inflammatory effects, and other 
mechanisms demonstrated in the research, for example lipid me-
tabolism and cellular communication and differentiation,lycopene 
can play a protective role in aging and be a key component in 
strategies totackle lifestyle metabolic and chronic health issues.
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Reproductive biotechnology is one of  the options which have a role in the improvement of  livestock. It is a technology that 
improves livestock production by improving the reproductive insufficiency of  the animal through different techniques. These 
are artificial insemination (AI), cloning, estrus synchronization, embryo transfer (ET), transgenesis and in vitro fertilization. These 
techniques are very important techniques to advance livestock production and to meet the people’s demands now-a-day. These 
reproductive biotechnologies have a dramatic effect on the world’s economy through the improvement of  livestock genetics, pre-
venting disease, facilitate transportation, keeping endangered animals and reducing economic loss. Artificial insemination in ani-
mals was originally developed to control the spread of  disease, avoiding the transport of  animals with potential pathogens to other 
animal units for mating and avoiding physical contact between individuals. The use of  semen extenders containing antibiotics also 
helped to prevent the transmission of  bacterial diseases. AI is broadly used in developing countries including Ethiopia. Even if  
reproductive biotechnologies are effective to change livestock production status of  the countries, they are not applied routinely 
due to the presence of  different challenges. Therefore, this review highlighted the major reproductive biotechnology options and 
their roles in the improvement of  livestock production.

Keywords
Artificial insemination; Estrus synchronization; Embryo transfer; Livestock; Reproductive biotechnology. 

*Corresponding author
Haben Fesseha, MVSc, DVM 
Assistant Professor, Department of Veterinary Surgery and Diagnostic Imaging, School of Veterinary Medicine, Wolaita Sodo University, P. O. Box 138, Wolaita Sodo,
Ethiopia; E-mail: tseyon.h@gmail.com

INTRODUCTION 

Keeping livestock is an important risk reduction strategy for 
vulnerable communities, and livestock are important provid-

ers of  nutrients and traction for growing crops in smallholder sys-
tems.1 In developed countries, livestock accounts for more than 
half  of  agricultural production, while in developing countries the 
share is about one-third.1 Livestock products contribute 17% to 
kilocalorie consumption and 33% to protein consumption world-
wide, but there are large differences between developed and devel-
oping countries.2

 The public consumption of  animal products increases 
from time-to-time, for example, meat and milk are projected to 
grow at 2.9% and 2.7% per annum respectively, between the late 

1990 to 2020. This ‘livestock revolution’ is also expected to result 
in increase in demand for pork (60%), poultry meat (80%) and 
red meat (50%) by 2020, with developing countries accounting 
for two-thirds of  global meat consumption and more than half  
of  global milk consumption. The trends in consumer demand for 
livestock products are driven primarily by growth in the human 
population, increases in income and urbanization and associated 
changes in consumption patterns.3 

 Reproduction is the backbone of  animal production and 
productivity is the key to development. Reproductive inefficiency 
is one of  the most important causes of  economic losses in animal 
industries and it is realized throughout the world. Despite the re-
markable advancement that has been made in the field of  repro-
ductive physiology in recent years, infertility due to low conception 
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rate and high embryonic mortality rate remains a major problem.4

 To meet future needs and to be able to sustain agricultur-
al production, agricultural research and its applications need to use 
all emerging technologies one of  which is modern reproductive 
biotechnologies.5 Thus, various assisted-reproductive techniques 
have been developed and refined to obtain a large number of  off-
spring from genetically superior animals or obtain offspring from 
infertile (or subfertile) animals in addition to disease control.6,7

 Reproductive biotechnologies intend to be used routinely 
to shorten generational intervals and to propagate genetic material 
among breeding animal populations. To achieve this goal, repro-
ductive technologies have been developed in generations over the 
years, namely artificial insemination (AI), embryo transfer (ET), 
manipulation of  fertilization in vitro (IVF), cloning and transgen-
esis.8 These, together with sperm separation techniques, including 
that of  selection of  spermatozoa for chromosomal sex (commonly 
named sex-sorting) all face today a strong wave of  increasing com-
mercialization.9 Hence, this review paper highlighted the reproduc-
tive biotechnology options and their roles in the improvement of  
livestock production.
 
ROLES OF REPRODUCTIVE BIOTECHNOLOGY IN ANIMAL 
PRODUCTION 

Biotechnology is defined as a technique that uses living organ-
isms to make or modify and improve products. The emergence 
and development of  reproductive technologies have been driven 
by the economic gain offered by the potential increase in the 
number of  offspring from genetically superior animals or simply 
to safeguard the genetic pool of  infertile or sub-fertile animals. In 
other words, reproductive technologies were developed to offer 
possibilities for wider use of  superior germplasm.10,11

 In recent times, there has been increasing challenges for 
increasing productivity and disease with altering climate. Advent 
and use of  modern reproductive technologies have opened many 
avenues to study, treat and manipulate the reproductive phenom-
enon both in vitro and in vivo to improve reproductive perfor-
mance in various domestic species of  livestock.12

 In cattle, estrus synchronization and AI can be used to 
maximize the reproductive potential of  cows by incorporating 
superior genetics into their operations. The use of  estrus syn-
chronization timed AI protocols is beneficial to many farmers 
since it reduces the time and labor required for estrus detection. 
It also minimizes the frequency of  animal handling.13

 Assessing the fertilization capacity of  sperms, sexing 
sperms, synchronization and fixed-time insemination, superovu-
lation, ET and in vitro embryo production are additional tech-
niques that can improve reproductive efficiency and pregnancy 
rates. Reproductive technologies can also be used to control re-
productive diseases if  procedures and protocols are accurately 
followed. The main objectives of  using reproductive biotech-
nologies in livestock are to increase production, reproductive ef-

ficiency and rates of  genetic improvement.1,14

THE FIRST THREE GENERATION OF REPRODUCTIVE 
BIOTECHNOLOGIES

Estrous synchronization and AI are reproductive management 
tools that have been available to beef  producers for over 50-years. 
Embryo transfer is generated in 1975 next to artificial insemina-
tion and estrous synchronization.15,16

Artificial Insemination

Artificial insemination (AI) has been defined as a process by 
which sperm is collected from the male, processed, stored, and 
artificially introduced into the female reproductive tract for the 
purpose of  conception by using means other than sexual inter-
course or natural insemination.17 

 Artificial insemination (AI) is used as a tool to enhance 
production efficiency in cattle and the successful use of  AI as 
a means of  animal breeding relies upon three major premises: 
firstly, that spermatozoa can survive outside the body; secondly, 
that they can be reintroduced into the female genital tract in a way 
that results in an acceptable conception rate; and thirdly, that the 
fertile period of  the female can be identified.18,19

 The timing of  insemination is important as it can af-
fect pregnancy rate which is correlated with estrus, ovulation, and 
rates of  fertilization. The potential to pass high genetic merits of  
a selected male to thousands of  females makes this a far more 
efficient technology for producing large numbers compared to 
female based technologies, such as embryo transfer, which can 
only produce a few progenies from a selected female.20,21

Techniques and application of artificial insemination: Semen is 
usually collected from bulls by the use of  an artificial vagina or by 
electroejaculation. Semen collected by electroejaculation is often 
more dilute and may appear to be less motile than that collected 
by artificial vagina, although total sperm per ejaculate and sperm 
viability should be essentially similar assuming the electroejacula-
tion collection has been successful and complete. Initial assess-
ments require live sperm motility and should be done as quickly 
as possible after collection.22

 Vaginal insemination the simplest method that could 
result in the lowest conception rate. The best method is insemi-
nated via the insertion of  “straws” in the vagina and through the 
cervix of  animals in estrus and the cervix is therefore open and 
receptive. During insemination, one hand up the rectum and ma-
nipulating the cervix to help insertion of  the insemination gun. 
Artificial insemination should be timed as close as possible to 
ovulation, preferably within 12 to 24-hours before ovulation.23,24

 Artificial insemination offers several potential advantag-
es over natural service, of  these, the reason most commonly ad-
vocated is as a means of  genetic improvement and others include 
cost-effectiveness, disease control, safety breeding, flexibility and 
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fertility management.25 Genetic progress in cattle can be increased 
up to 50% through the application of  AI, the first-generation bio-
technology, using either extended semen that has been preserved 
in liquid form (fresh, or cooled to 5 °C) or deep-frozen.26 

 Both artificial insemination and embryo transfer im-
prove breeding that increases milk yield which is not accompa-
nied by improved health and proper nutrition can be realized at 
the expense of  reduced fertility in dairy cows. Periods of  stress 
due to inadequate nutrition or high milk yield reduce the inten-
sity of  estrous signs by affecting the endocrinology of  behavior 
and ovarian function and compromise the outcome of  AI or ET. 
Besides, venereal diseases have a great impact on AI regarding 
genetic improvement.27,28 

Estrus Synchronization

Estrus detection is crucial and important for estrus synchroniza-
tion and needs a good husbandry practice of  cow. Thus, estrus 
synchronization is an alternative strategy to bypass the critical 
problem of  estrus detection. Estrus synchronization is the pro-
cess of  bringing female animals to the heat state of  those having 
preovulatory follicular activity using hormonal interventions that 
increases the probability of  estrous detection and helps for timely 
insemination to increase conception rate.29,30 

 Synchronization of  estrus in cows is feasible by either 
curtailing or extending the length of  estrus cycle, which can be 
maintained based on two principles; first one is using in-situ luteo-
lytic agent (prostaglandin) that induces luteolysis of  corpus lu-
teum (CL) and exogenous administration of  such agents mimics 
premature luteolysis and hence results in shortening of  diestrus 
phase of  estrus cycle; whereas, the second principles is lengthen-
ing of  diestrus phase through maintenance of  CL in terms of  
progesterone production which determines the length of  diestrus 
phase (Figure 1). Hence, with the administration of  progesterone 
hormone, the diestrus phase can be extended.31

Role of Estrus synchronization: The synchronization program is 
one of  the strategies for improving pregnancy rates in the mod-
ern beef  and dairy industry that improves reproductive perfor-
mance. This method provides breed with a high percentage of  
the females in a given group of  heifers or cows in a short pe-
riod of  time, using either artificial insemination or natural ser-

vice using bulls.32 Through effective application, it is possible to 
accomplish a greater number of  calves with improved quality 
are obtained. Besides, effective synchronization facilitates estrus 
detection which is important for the application of  artificial in-
semination.13,33 

Embryo Transfer

Embryo transfer is a process by which an embryo is collected 
from a donor female and then transferred into a recipient female 
where the embryo completes its development. It is the most com-
monly used biotechnology after artificial insemination and estrus 
synchronization. Embryo transfer is profitable for producers of  
pure-bred animals and genetically superior female that produces 
more offspring than she could by natural reproduction. It is also 
used in several species of  domestic animals including cows, hors-
es, goats, and sheep.34,35 

 Embryo transfer is very expensive and many of  the ba-
sic procedures were established some years ago. Consequently, 
little academic research currently is being conducted that is likely 
to immediately benefit the commercial industry. Because success 
rates in well-managed cattle herds are generally quite high, most 
recent improvements involve rather small, albeit important, incre-
ments.36 During embryo transfer, the animal should pass through. 
Some procedures starting from (i) Selection and preparation of  
donors, (ii) Collection of  embryos, (iii) Handling, evaluation, and 
storage of  embryo, (iv) Selection and preparation of  recipients 
and (v) Practical embryo transfer.37,38

Selection and Management of Donor and Recipient Cow

The selection of  superior genetic or phenotypic animals has been 
the basis of  the donor selection since ET’s in-ception. Genetic su-
periority animals that contribute to the genetic objectives of  the 
program and the likelihood of  producing large numbers of  usable 
embryos are the two broad criteria for selecting donor cows for 
most embryo transfer programs.39,40 In fact, selecting the male is 
usually more important than selecting the donor female because 
males will normally be bred to many females and can be selected 
more accurately than females. Like-wise, it is necessary to select 
fertile bulls and fertile semen which makes it especially important 
to use high-quality semen. Donors are located either on the farm 
under production conditions or at an embryo transfer cen-ter, 
frequently under intensive management. Keeping donors on the 
farm is usually the less expensive alternative.7,14  

Selection and Management of Recipient

One of  the most important yet underappreciated aspects of  a 
successful ET program is the recipient. Cows that are reproduc-
tively sound, that exhibit calving ease, and that have good milking 
and mothering ability are recipient prospects. They must be on a 
proper plane of  nutrition. These cows also must be on a sound 
herd health program. Proper recipient herd management is criti-
cal to ET success and this requires a fundamental understanding 
of  the recipient selection, nutrition, estrus synchronization, dis-

Figure 1. Superovulation Schedule Using CIDRs and GnRH. PGF2α, Prostaglandin 

Adapted from Phillips PE39
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ease management, and marketing.7,41 

Synchronization of Recipient

To maximize embryo survival in the recipient female following 
transfer, conditions in the recipient reproductive tract should 
closely resemble those in the donor. This requires synchroniza-
tion of  the estrous cycles between the donor and the recipients, 
optimally within one day of  each other. Synchronization of  the 
recipients can be done in a similar manner and at the same work-
ing time as the donor cows.37,39 Recipients synchronized with 
prostaglandin F2α (PGF2α) must be treated 12 to 24-hours be-
fore donor cows because PGF2α-induced estrus will occur in re-
cipients in 60 to 72-hours14 and in superovulated donors in 36 to 
48-hours. Synchronizing products are more effective on recipient 
females that are already cycling (Table 1).41

Superovulation of Donor

Superovulation refers to the release of  many oocytes (eggs) dur-
ing a single estrus period.6 Once the donor cow is selected, the 
first step is to superovulate or produce multiple ova (eggs) for 
simultaneous fertilization and subsequent collection. Initially, the 
donor female is treated with a gonadotropin hormone called fol-
licle-stimulating hormone (FSH). This hormone is administered 
twice daily for four days in the range of  eight to fourteen days 
while a functional CL is on the ovary. A PGF2α injection given on 
the fourth day of  the treatment schedule will cause CL regression 
and estrus to occur approximately 48-hours later. As a result of  
treatment, multiple follicles should be developed on the ovaries 
of  the donor. Multiple numbers of  eggs will be released at estrus, 
one from each follicle.43

General Procedure

The actual embryo transfer process is similar to the method used 
for artificial insemination, except that the transfer gun is passed 
well up the uterine horn ipsilateral to the CL. The donor may be 
inseminated naturally or artificially and embryos will be collected 
non-surgically six to eight-days after breeding. Following collec-
tion, embryos must be identified, evaluated and maintained in a 
suitable medium prior to transfer. At this point, they may also be 
subjected to manipulations, such as splitting and sexing, and may 

be cooled or frozen for longer periods of  storage.44,45

OTHER REPRODUCTIVE BIOTECHNOLOGIES

Cloning

Cloning refers to producing genetically identical individual to do-
nor cells and copying gene, that involves the creation of  an animal 
or individual that derives its genes from a single other individual; 
it is also referred as “Asexual reproduction”. Embryo splitting 
and nuclear transfer are methods of  cloning, where an embryo is 
splitting in the maturation soon after fertilization of  the egg by 
the sperm before embryo transfer. It is optimally performed at 
the 6-to 8-cell stage, where it can be used as an expansion of  IVF 
to increase the number of  available embryos.46

 Cloning can be used along with other forms of  assisted 
reproduction to help preserve indigenous breed of  livestock, that 
have production trial and adaptability to local environments that 
should not be lost from the global gene pool. It also enables the 
rapid dissemination of  superior genotypes from nucleus breeding 
flock and herds, directly to commercial farmers. Cloning technol-
ogy has the potential to stimulate the development of  the animal 
biotechnology industry in many countries of  the world, as well 
as provide conservationists with an additional tool to assist with 
conserving critically endangered wildlife species.47-49

Sex Determination

Sex determination of embryo: The sexual differentiation of  the 
embryo is determined by the presence or absence of  elements 
normally located on the Y-chromosome. Some of  the techniques 
employed commercially for the embryo sexing are chromosomal 
analysis of  demi-embryos, immunological detection of  embry-
onic H- Y antigen, use of  Y-specific probes, Fluorescence in situ 
hybridization, rapid sexing method for preimplantation embryos 
of  bovine using loop-mediated isothermal amplification (LAMP) 
reaction and ultrasonic examination of  fetal structures.50

 Predetermination of  the sex of  offspring provides a 
greater number of  males or females and helps in the selection 
of  individuals with top genetic makeup for improvement in next-
generation.51 Known sex of  embryos produced for use in ET 
programs can more effectively help to manage producer resourc-
es because more heifer calves per ET can be produced. Semen 
sexing can be used in IVF and AI programs.50,52

Sex determination of semen: Semen sexing is the process of  
separating spermatozoa into two subpopulations containing X-
chromosome and Y-chromosome bearing spermatozoa. Sexing 
spermatozoa for directed production of  offspring of  a desirable 
sex by use of  modified flow cytometric cell sorting of  fluorescent 
dye loaded living spermatozoa. Cattle have about 3.8% differenc-
es in deoxyribonucleic acid (DNA) contents between their X and 
Y-chromosome bearing spermatozoa, a difference large enough 
to allow successful sorting. This technique involves the separation 
of  X- and Y- bearing spermatozoa in small quantities based on 

Table 1. The Synchronization Protocol Used in Recipient Animals

Days in 
Sequence

Time of the 
Day Activity 

1 8.00-10.00 AM Inject 20 ml multivitamine 

7 8.00-10.00 AM Insert CIDR device+2 ml ciderol

12 8.00-10.00 AM Inject Estrumate

14 8.00-10.00 AM Inject Estrumate

15 8.00-10.00 AM Remove CIDR device

16 8.00-10.00 AM Observe heat

24 8.00 AM-5.00 PM Transfer

CIDR=(Controlled Internal Drug Release device) 
Source: Data from the Ongubo et al42
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the DNA content of  the spermatozoa.9

 Sperm sexing technology (SST) will enable the produc-
ers of  livestock to predetermine the sex of  offspring prior to 
conception, thereby maximizing productivity, profitability, and 
genetic potential. In virtually every sector of  commercial animal 
breeding, there is a clear preference for one sex over the other. 
The sexed sperm can be utilized for AI or for in vivo and in vitro 
embryo production.53

Transgenesis

A transgenic animal is one that carries a foreign gene that has 
been deliberately inserted into its genome. It is the one that has 
been genetically altered to have specific characteristics it other-
wise would not have. Transgenic animals are genetically modified 
to contain a gene from a different species following gene trans-
plantation or resulting from the molecular manipulations of  en-
dogenous genomic DNA. The new gene is inherited by offspring 
in the same way as the organism’s own genes.54 There are different 
methods of  transgenesis such as DNA microinjection,55 DNA 
transfer into gametes,56 DNA Electroporation.57

 Transgenic farm animals can be used both in breeding 
and biomedicine. In breeding, transgenic individuals produced are 
equipped with disease resistance and improved quantitative and 
qualitative traits. Transgenic cows producing milk of  increased â-
caseine and ê-caseine content. An important achievement was the 
production of  transgenic cows resistant to mastitis. Researches 
are going on for the production of  environment-friendly trans-
genic individuals or using such animals in basic studies as a model 
to understand various physiological processes in farm animals 
and humans.58,59

 
In vitro Fertilization (IVF)

The fertilization of  the sperm and the egg is conducted in vitro 
at specific environmental and biochemical conditions. With IVF, 
a technician removes unfertilized eggs (oocytes) from the donor 
cow’s ovaries, usually recovering 6-8 useable oocytes. The oocytes 
mature in an incubator and are fertilized with sperm. The result-
ing zygotes incubate and develop in the laboratory before being 
placed into the recipient cow.34 

 In vitro fertilization of  the oocytes is usually carried out 
following 24-hour maturation in the IVM medium. Surrounding 
cumulus cells are removed by gentle pipetting and washing in 
fertilization medium and groups of  40-50 oocytes are placed in 
4-well dishes in 500 µl of  synthetic oviductal fluid covered by 200 
µl of  mineral oil.60

 Motile sperm are obtained by centrifugation of  frozen-
thawed semen in the percoll gradient (45%/90%) at 500 grams 
for 10-minutes at room temperature. Percoll gradient separation 
of  spermatozoa seems to be an effective means of  yielding motile 
sperm from frozen-thawed semen. Although 17-hour coincuba-
tion is practiced in IVF, it has been shown that even 4-hour co-
incubation was enough to obtain acceptable cleavage and blasto-

cyst rates in sheep. Further application of  IVF in obtaining sex 
pre-determined offspring will be an advantage for the livestock 
industry.61,62

CONCLUSION AND RECOMMENDATION

Reproductive Biotechnology is modern and recent technological 
techniques that use biological systems and organisms to develop, 
modify and increase quality products. The application of  bio-
technology offers numerous advantages to livestock production 
through enhancement and control of  reproductive processes in 
animals. It is within this scope that the reproductive biotechnol-
ogy techniques have contributed tremendously to the satisfaction 
of  the increasing demands of  the modern dairy and beef  indus-
tries. 

 Many producers are now familiar with more advanced 
methods of  reproductive biotechnologies to enhance reproduc-
tive efficiency, which further adds potential economic efficiency 
to cattle industries. These are artificial insemination, cloning, es-
trus synchronization, embryo transfer, transgenesis and in vitro 
fertilization. Artificial insemination is the broadly used technolo-
gies in the genetic improvement of  animals and preventing ani-
mal diseases in developed and developing countries. 

 The other biotechnologies also have different roles 
through preserve extinct animal gametes, reducing costs, control-
ling the natural behavior of  animals, producing of  very impor-
tant breed in a short time and controlling reproductive diseases 
if  procedures and protocols are accurately followed. These tech-
nologies have a great role in improving the dairy and beef  indus-
try. Besides, developing countries should be familiarized with the 
technologies which help them to advance their dairy industries by 
improving both the quality and quantity of  products with good 
practices in animal husbandry and management (Figure 2).
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Purpose
The purpose of  this study was to explain the quality of  5%, 8%, and 12% of  grass carp fish protein concentrate (FPC) supple-
mented cake. Proximate composition, batter rheology, texture analysis, baking loss, color evaluations, and sensory analysis were 
performed to explain the quality.
Materials and Methods
Grass carp fish of  about 40 cm length and 4 kg weight, sugar, flour, vegetable oil, baking soda, and baking powder were bought 
from the local market in Wuxi, Jiangsu, China, while vanilla essence, hydroxy propyl methyl cellulose (HPMC) and glycerol mono-
stearate (GMS) were obtained from Jiangnan University Food Science Laboratory.
Results and Discussion
An impressive increment in the crude protein (9.10-16.75%), crude fat (10.39-12.30%), and ash (1.22-1.35%) were noticed for 
FPC supplemented cake. With the increase in FPC quantity, the viscosity of  batters lightly decreased (106.41-106.00) and specific 
gravity increased from 0.9619-1.0073. A non-uniform change was observed in hardness but gumminess and chewiness were in-
creased while cohesiveness and elasticity were found to be decreased. Baking loss (CL) was increased (10.28-11.13) with an increas-
ing level of  FPC. The brightness (L*), yellowness (b*) and redness (a*) of  FPC 5%, 8%, and 12% fortified cake was recorded as 
59.56-57.15, 29.23-31.24, and 10.85-12.75, respectively.
Conclusion
The cakes prepared with 12% FPC have high nutritional value but showed low sensory attributes due to its dark color and slight 
fishy flavor while cakes prepared with 8% FPC supplementation revealed the best results for all sensory attributes. In short, a 
protein-enriched with acceptable quality and sensory attributes, the cake could be prepared by 8% FPC incorporation and eventu-
ally could assure effective utilization of  fish.
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INTRODUCTION 

Cake is one of  the most popular food items to be eaten all 
over the world. Cake is available in various sizes, shapes, and 

categories. The ingredients such as flour, sugar, eggs, oil, leaven-
ing agents and conditions employed for cake preparation during 
mixing and baking are generally responsible for its quality. Besides 
cake color and aroma contribution, eggs also give soft texture and 
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provide moistness to the final product because of  its better foam-
ing, gelation and emulsifying properties.1

 Yellow layer cake and Madeira-type are examples of  
cakes containing fats; the egg proteins, specially lipoproteins, help 
to emulsify fats during the mixing stage of  ingredients. In sponge 
cakes or angel food (fats-free cakes), aerations help in an entrap-
ping of  large air quantity and gelation/coagulation functions are 
done by egg protein during preparation.1

 An egg has an important role in the formation and main-
tenance of  foam in the batter because it incorporates air in the 
batter during mixing and helps in gel formation, which is impor-
tant to provide specific volume, texture qualities, and flavor.2 Egg 
white protein also gives good emulsification, elasticity, stabilizing 
and many other properties.3

 The demand of  eggless cake has increased due to egg 
allergy in people, heart diseases, vegetarians increasing ratio, eggs 
high price, religious reasons or personal lifestyle, and cold weather 
limitation in some countries. As a result, many studies suggested 
protein from different sources including soya protein,4 whey pro-
teins5 and pea protein,6 have the potential to substitute egg. Aro-
zarena et al7 used lupine protein and baking additives (xanthan 
gum, soya lecithin baking powder, mono, and diglycerides,) to find 
the possibility of  eggless cake production, while Hussain et al8 in-
vestigated the possibility of  whey protein concentrate and lupine 
proteins in the cake recipe to substitute egg. A big difference was 
found between the control and the egg substituted cake volume. 
Lupine protein isolate and its flour partial substitution were inves-
tigated by Salem et al.9 The report revealed that the cake prepared 
by substituting 25% eggs with 5% lupine flour or 2% protein iso-
late has high acceptability. Furthermore, the use of  whey protein 
for making angel food cake comparing to egg white, the foams 
showed that the whey protein used as an egg substitute in angel 
food cake batter might result in a low volume and coarse structure 
cake.10 Whey protein isolate (WPI) cake batters showed lack of  
stability during the transformation stage from a wet foam to dry 
form, but large bubbles were even observed at 22 °C (i.e., before 
heating). While egg white foam cake batter showed stable foaming 
property when the temperature rises from 25 to 85 °C.11 Though, 
partial or total replacement of  egg can produce undesirable chang-
es related to cake texture, volume, and flavor.

 To achieve a desirable quality, significant modifications 
in the recipe, i.e., use of  protein from various sources or some 
additives, are required. Regarding this study, bovine blood plasma 
gave a satisfactory result when used to replace egg white or whole 
egg at different levels.12 Currently, some eggless cake with similar 
physical properties to the cake which contain eggs has been devel-
oped, which recommends that mostly multi-components are egg 
substitutes. Thus protein application in combination with emulsi-
fiers and hydrocolloids is better to use for developing egg substi-
tutes. Furthermore, by using plant protein and emulsifiers can give 
extra nutrients and enhance nutrient supply to the consumers.13 
Several additives like guargum, arabicgum, xanthangum, hydroxyl 
propyl methyl cellulose, carrageenan, in combination with sodium 

stearoyl-2-lactylate (SSL), and glycerol monostearate (GMS) were 
used by Ashwini et al14 to describe their effect on the microstruc-
tural, rheological, and quality features of  eggless cakes. 

 Hydroxy propyl methyl cellulose (HPMC) showed the 
best emulsion results among all the emulsifiers when it is added to 
prepare better quality eggless cakes whether alone or in combina-
tion with SSL and GMS. This project aims to use animal-based 
proteins and additives to develop egg substitutes for cakes prepara-
tion. To achieve this goal fish protein concentrate (FPC) was used 
in combination with additives and its properties were compared 
with batter and cake prepared with egg protein. For this purpose, 
we used fish protein isolate (FPI) together with additives. The 
properties of  these ingredients were evaluated and compared with 
egg proteins by measuring the batter and cake properties.
 
MATERIALS AND METHODS 

Ingredients

Grass carp fish of  about 40 cm length and 4 kg weight, sugar, 
flour, vegetable oil, baking soda, and baking powder were bought 
from the local market in Wuxi, Jiangsu, China, while vanilla es-
sence, HPMC and GMS were obtained from Jiangnan University 
Food Science Laboratory.

Fish Sample Collection and Preparation of FPC

Grass carp fish was brought in an ice-filled insulated box to the 
laboratory. The fish was immediately gutted, headed, deboned 
and skinned on arrival to obtain fillets. The grass carp fish fillets 
(GCFF) were washed using tap water, weight, and cooked for an 
hour in boiling water according to the described procedure by 
Goes et al.15 The slurry was poured-off  and the solid mass was 
pressed to squeeze out the remaining water by a muslin cloth. 
The solid mass was then put at 65 °C for 24-hours in hot air oven 
(Airblast dryer, Box Model: DHG-9070A, Shanghai, China) for 
drying. The dried mass was ground in kitchen blinder for 4-min-
utes to make it powder and then sieved to remove the big particle 
with 0.4 mm mesh size. The protein powder concentrate was then 
put at 4 °C in plastic bags until further use and analysis.

Preparation of Emulsifier Gel 

Hydroxy propyl methyl cellulose (an emulsifier) and water were 
used at the ratio of  1:4 for gel preparation. A dispersion was 
made first, and then the temperature of  dispersion was raised to 
65 °C under continuous agitation for GMS. The gel was obtained 
on cooling. For each experiment, 0.5% of  the emulsifier gel was 
added based on wheat flour value.

Preparation of Batter and Baking 

The standard recipe of  cake proposed by Ratnayake et al5 with 
a slight modification was used for eggless cake preparation. The 
traditional cake formula contains flour (27.88%), sugar (32.26%), 
milk (16.73%), eggs (13.93%), oil (8.36%) and baking powder 
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(0.84%), while in eggless cake recipe FPC (5%, 8%, 12%)and 
other additives were used to replace eggs. Mostly the dry ingre-
dients used in cake preparation such as FPC, wheat flour, baking 
soda, and baking powder were thoroughly mixed while, the sugar, 
milk, vegetable oil, and vanilla essence were whipped in an electric 
kitchen mixer (25 °C) for 4-minutes to make it cream for mixing 
dry ingredients. The dry ingredients were added to the cream grad-
ually under continuous mixing to avoid the formation of  lumps. 
Finally, the prepared batter was put in 4 ceramic cake moulds (3 
cm height×6.5 cm) size and baked at 170 °C for 30-minutes. The 
cakes were removed from moulds after baking and put at room 
temperature for 1-hour for cooling. Then wrapped in a transpar-
ent plastic bag to avoid moisture loss and store for 24-hours at 
room temperature for further analysis. All kinds of  batters were 
prepared to make at least 3 sets of  cakes. Whenever HPMC was 
included in cake formulation, it could be put in fats-sugar mixing 
or flour addition step and its concentration was 0.5% based on 
wheat flour. The formulations and materials of  the eggless (FPC) 
and control cakes (C.C) are given in Table 1).

Determination of Cake Batter Properties 

Batter specific gravity: The specific gravity of  the eggless cake 
batter was determined by dividing the weight of  a certain volume 
of  batter by the same volume of  distilled water.16

Batter viscosity: The eggless cake batter viscosity was de-
termined by using an NJD-5S viscometer (Model NJD-S5, 
S/N:LD15010057, Shanghai Weichuan, China), according to Kim 
et al17 with slight modifications. A 100 ml beaker was filled with 
batter to the edges and the spindle speed was set at 6 rpm, spindle 
no. 4 was used to perform all the experiments at room tempera-
ture of  about 25 °C.

Proximate Composition Analyses 

Proximate composition analyses of  wheat flour (WF), grass carp 
protein concentrate (FPC), whole grass carp fish (WGF), and 
FPC supplemented cakes formulations were carried out. Mois-
ture content, crude protein, and ash were determined by follow-
ing Honikel et al18 methods. To convert the total nitrogen to total 
protein, the nitrogen converting factor 5.7 was used for wheat 

flour while 6.25 for the rest of  the samples. Lipids were deter-
mined by Bligh and Dyer,19 with the use of  a Soxhlet extractor 
(Hua ye, SZC101, Shanghai, China). The difference between 
100% and the sum of  protein, lipids, ash, and moisture content 
is used to estimate the carbohydrate amount. The caloric content 
of  the cake samples were calculated according to the National 
Research Council (NRC)20 using the equation below.

Energy Value (Kcal/100 g)=4×protein(%)+9×lipid(%)+4×carbohydrate(%)

Measurement of Physical and Sensory Characteristics of Eggless 
Cake 

Baking Loss: The baking (%) loss was determined by using the 
equation below.
         (Wo-Wf)

Baking loss=
          Wo

 Where Wo is the weight of  cake batter transferred in to 
each cake mould and Wf  is the weight of  baked cake after 30-min-
utes cooling at room temperature.

Eggless cake volume: The cake volume was found out by Stable 
Micro System Volscan profiler (Model Volscan 300, serial No VSP 
3000249). The door of  the scanner was open, and the arm was 
moved up to allow the space for the sample. The cake samples of  
different formulation were then put on the spikes on the base to 
support it and run the machine that gave us values.

Color analysis: The color of  three different formulations cakes 
were determined by using Ultra Scan PRO (Hunter Lab, Reston, 
VA, USA). During tests, each cake sample was held in a clear 
polyethylene transparent bag. Then the white and black tile of  
Hunter Lab color standards were used for equipment standard-
ization, and the lightness (L*), redness (a*) and yellowness (b*) of  
every individual sample was evaluated.

Eggless cake texture: The Brook field texture analyzer (Model 
CT310K, S/N 8563277, USA) was used to determine the texture 
(Hardness, cohesiveness, chewiness, gumminess, elasticity) of  
FPC supplemented cakes. The samples were put on the probe, set 
all the parameters, and run the machine which gave us the values. 
All the experiments were performed three times, and results were 
expressed as mean±SD values.

Sensory analysis: Sensory analysis was performed to find out the 
consumer acceptability. An untrained 36 panelists were randomly 
selected (20 males and 16 females) of  age between 20-35 and 
asked them to give their scores on the FPC supplemented cakes 
appearance, texture, flavor, color, and overall acceptability.

 Drinking water is given to the panelists to wash their 
mouths after testing each cake. They gave their score on the 
9-point Hedonic scale base. The 9 points show “extremely like” 
while 1 point to “extremely dislike”.

Table 1. The Formulations for Control and Eggless Cakes

Ingredients
Batter Composition in Percentage (%)

Control 5% FPC 8% FPC 12% FPC

Wheat flour 30 30 27 23

Sugar 30 30 30 30

Milk 16.73 16.73 16.73 16.73

Oil 8.4 8.4 8.4 8.4

Egg 13.93 0 0 0

FPC 0 5 8 12

Water 0 6.88 6.88 6.88

Baking soda 0.84 0.84 0.84 0.84

Essence 0 0.5 0.5 0.5
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Statistical Analysis

Triplicate results obtained for every parameter analysis (except for 
sensory analyses) of  each sample were used for statistical analy-
sis. Means were compared by Duncan’s test for significant differ-
ences using one-way analysis of  variance (ANOVA) at a level of  
significance 0.05, using the statistical package for Social Sciences 
Software, IBM SPSS Statistics 20.0 for Windows (SPSS, Inc., Chi-
cago, IL, USA). Results are presented as “mean±standard devia-
tion (SD).”

RESULTS AND DISCUSSION

Chemical Composition and Quality Criteria of Produced Cakes

FPC obtained through the drying process has an exceptionally 
low moisture content of  (4.13%), which is extremely low as com-
pared to that of  GCFF (76.83%). Moreover, drying method also 
increase the concentration of  fats (4.89%), protein (85.99%) and 
ash (3.90%) content of  FPC quite significantly as compared to 
GCFF (Table 2), similarly drying process followed by Wu et al21 
showed the same increasing patterned of  grass carp proximate 
composition. His report showed protein (69.5%), fats (5.13%), 
and ash (1.5%) while the moisture content decreased the same 
as our report. The variation in the values reported in the present 
study and figures presented by Wu et al21 may be due to apply-
ing different drying methods and the techniques used for analy-
sis. Likewise, the fish protein nutrients concentration was also 
reported by Abraha et al.22 Wheat flour proximate composition 
was found to be quite lower as compared to FPC and GCFF, but 
high in carbohydrate (74.21%) and moisture (12.25%) contents.

 A report on the composition of  wheat flour by Wu et 
al23 on a variety of  commercial wheat flour having 13.5% mois-
ture content showed that starch is found in the highest quantity, 
making up 63.7-80.7% of  the total mass. While proteins range 
from 9.6-19.4% and ash 0.4-0.8%, according to the same report. 
In the present study, the protein, fats, and ash composition of  
WF reported is 12.33%, 0.71% and 0.49 respectively. Abraha et 
al22 also displayed a similar result on the composition of  wheat 
flour as 12.47% protein, 0.75% fat and 0.49% ash to the present 
study. However, the deviation in the values may be raised due 
to raw material differences. The proximate composition of  egg 

cake (control) and cakes fortified with 5%, 8%, and 12% FPC 
are also given in Table 2. The cake fortified with FPC reveals 
an increase in protein (9.10-16.75%), fat (10.39-12.30%), and ash 
(1.22-1.35%) contents which promote the nutritional value of  
the cake, that is quite different from the figures obtained from 
control cake samples 6.71%, 12.13%, and 1.21% respectively. 
A significant difference in protein content between control and 
cake fortified with FPC was observed. Desai et al,24 reported in 
his findings on salmon powder range of  0% to 20% by forti-
fying pasta, that also showed an increase in proximate chemical 
composition, protein (12.60-22.70%), fats (1.15-9.16%) and ash 
(0.60-1.22%). A complex interaction between protein and starch 
molecules in WF has been promoted by the supplemented FPC as 
proposed by Desai et al24 and Zhang et al25 cause a low free water 
network. The cake fortified with pea protein isolate presented 
by Lin et al,26 also show dececrease in moisture content with the 
increase of  protein content related to the current study, While 
many authors presented the increasing proximate composition 
except for carbohydrates in many cereal products fortified with a 
variety of  proteins.22,27,28

Effects of Different FPC on the Viscosity, Specific Gravity and 
pH of Batters

Specific gravity measures and gives an idea of  the total air hold-
ing capacity. It is inversely proportional to air holding capacity i.e. 
high values indicate less air incorporation into the batter and vice 
versa. The control batter specific gravity was 0.9463, which is fol-
lowed by 5% FPC incorporation, which is slightly higher (0.9619). 
When the liquid egg was replaced by 12% FPC, it gave the high-
est specific gravity value (1.0073) which indicates a heavier batter 
that lacks proper aeration. Preparing a batter entrapping a large 
number of  air bubbles is desirable for a better cake structure. 
The first stage of  cake preparation produced air bubbles, i.e. mix-
ing of  ingredients to obtain a properly aerated dispersion system 
where water constituting the continuous phase in which the flour 
and the fats are dispersed. The entrapped bubbles start to act as 
nuclei then it enters into the water phase where they get bigger 
size due to the gas generated by leavening action of  the baking 
powder and increase the vapor pressure with the temperature in-
side the trapped bubbles.

 According to Paraskevopoulou et al2 all the air is hel-

Table 2. Proximate Composition of WF, GCFF, FPC, and FPC Supplemented Cakes

Ingredients
Parameters

Moisture (%) Protein (%)  Fat (%) Ash (%) Carbohydrates (%) Energy (kcal/100 g) 

WF 12.25±0.173d 12.33±0.116d 0.71±0.019f 0.49±0.003f 74.21±0.185e 352.58±0.797d

GCFF 76.83±0.114a 18.97±0.280b 1.91±0.058e 1.17±0.021e

FPC 4.13±0.111e 85.99±0.565a 4.89±0.083d 3.9±0.028a

Control Cake 21.01±1.283b 6.71±0.463f 12.13±1.108a 1.21±0.006d 58.94±0.715c 371.82±1.485a

5% FPC 18.91±0.062c 9.1±0.182e 10.39±0.401c 1.22±0.013d 60.37±0.438e 371.41±1.819a

8% FPC 18.4±0.261c 12.37±0.307d 11.1±0.011b 1.29±0.017c 56.84±0.211b 376.73±0.954b

12% FPC 18.16±1.347c 16.75±0.220c 12.3±0.096a 1.35±0.003b 51.44±1.553a 383.48±5.3062c

Values reported are “mean±SD”; values followed by different superscript letters in the same column are significantly different at p≤0.05.
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din the fats phase at the initial stage of  cake preparation. The 
subsequent bubble stabilization and air entrapment against co-
alescence, disproportionation and drainage functions mostly ex-
ecuted by the egg white proteins, while contributing in foaming 
and aeration (low-density lipovitellenins) as well the retention of  
trapped air the system is the function performed by egg yolk pro-
tein.2

 The present report shows as the quantity of  FPC was 
increased (5%, 8%, 12%), the eggless cake batter specific gravity 
of  was also increased (0.9619, 0.9672, 1.0073), respectively, the 
increase in 12% FPC is obvious compared to control cake batter. 
A report on egg replaced by soybean protein isolate (SPI)29 WPI2 
report in cake formulation showed the same decreasing order of  
specific gravity. The dependence of  volume on the amount of  
air incorporated while mixing was noticed as expected (Table 3) 
i.e. the higher the specific gravity, the lower will be cake volume. 
After the control cake (94.986 ml) the higher volume was noticed 
in the cake supplemented with 5% GCPC (91.186 ml), while cake 
containing 12% protein concentrate showed lower figures regard-
ing volume. While batter specific gravity, bubble distribution, and 
some other properties which affect the movement and incorpora-
tion of  air can be described by batter viscosity.30 It is important to 
measure because it holds the incorporated air in cake batter which 
in turn increases the cake volume. Hydrocolloids reduce the gas 
diffusion rate and retain it during the early backing stage due to 
its batter viscosity increasing property that affects the final cake 
volume.31 Control cake batter viscosity was more than eggless 
cake batter having FPC. When the quantity of  FPC was increased 
(5%, 8%, 12%) the viscosity started falling (106.415, 106.3519, 
106.004%) respectively, which is comparatively less than control 
cake batter (106.712%).

 A report on the replacement of  egg with soya bean pro-
tein isolate29 in yellow cake shows the same decreasing result in 
viscosity to the present study. Regarding baking losses, the FPC 

replacement with egg in pound cakes has affected water retention 
ability (Table 3). The baking loss of  control cake (12.37) was quite 
higher compared to loss (10.28%) of  cake having 5% FPC. The 
baking loss increased from (10.28-11.13) as the percentage of  
FPC to replace egg increased (5% to 12%). However, baking loss 
of  8% and 12% supplemented cake was 11.03% and 11.135% re-
spectively which is not a significant difference. The higher foam-
ing capacity of  FPC can explain the increase in baking loss in the 
case of  eggless cake.32 A variety of  material like extra virgin olive 
oil with margarine,33 soya protein isolate (SPI),29 WPI2 were used 
to replace egg but they show reverse data regarding to the present 
study. This could be due to the different nature and functional 
properties.

 For fish freshness, pH is an important factor. The con-
trol cake batter pH was found to be 7.8 and supplemented cake-
batter with 5%, 8%, and 8% FPC was 7.23, 7.91 and 7.63, re-
spectively. Shaviklo et al34 stated that fish powder with neutral pH 
could be obtained from fresh fish, but it impossible to prepare 
fish protein powder from fresh meat with ideal alkaline or acidic 
pH functionality.

Texture Analysis

The effect of  FPC on hardness, springiness, cohesiveness, and 
chewiness of  egg replaced cake is reported in (Table 4). The 
hardness of  all FPC supplemented cakes is much higher than the 
control one, but maximum hardness value was shown by cake 
having only 5% FPC. An increase of  FPC concentration also in-
creases hardness, as the concentration increase to 8% and 12% 
the hardness increased to (3835) and (4337) respectively, thus the 
level depends on protein content. The air cell surrounding the 
crumb wall and protein particles that strengthen the crumb is 
probably the reason for its hardness. This report supports the 
result presented by Gómez et al,35 who noticed that the initial 
firmness in cake is increased by the incorporation of  chickpea 

Table 3. Eggless Cakes and Batter Physical Characteristics

Ingredients
Parameters

Viscosity (mpa.s) Specific Gravity Volume (ml) Baking Loss (%w/w) pH

Control Cake 106.712±0.016a 0.9463±0.003c 94.986±0.469a 12.37±0.297a 7.8±0.03±0.035a

5% FPC 106.415±0.011ab 0.9619±0.004b 91.186±1.561b 10.28±0.122c 7.23±0.02±0.032d

8% FPC 106.351±0.012ab 0.9672±0.002b 89.644±0.927b 11.03±0.210b 7.51±0.02±0.050c

12% FPC 106.004±0.657b 1.0073±0.013a 84.9±1.297c 11.13±0.137b 7.63±0.04±0.040b

Values reported are “mean±SD”; values followed by different superscript letters in the same column are significantly different at p≤0.05.

Table 4. The Texture of Eggless Cake Containing Different Concentrations of FPC

Sample
Parameters

Hardness Cohesiveness Elasticity Gumminess Chewiness

Control Cake 2036±0.169c 0.61±0.006a 4.48±0.064a 1249±0.991d 54.93±0.303c

5% FPC 5186±0.841a 0.52±0.010b 4.48±0.104a 1839±0.530c 69.7±0.856c

8% FPC 3885±0.569b 0.52±0.032b 4.35±0.057a 1978±0.490b 80.8±0.163b

12% FPC 4337±0.190b 0.44±0.032c 4.34±0.097a 2052±0.454a 82.3±0.161a

Values reported are “mean±SD”; values followed by different superscript letters in the same column are significantly different at p≤0.05.
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flour. An increase in sponge cake firmness was also encountered 
in Majzoobi et al36 study. The crumb firmness is influenced by 
starch gel, so it was assumed that the fish protein water bind-
ing activity reduced free water, decreased amylase content and 
increased the cake softness.37 The textural profile showed that the 
cakes replaced with 12% protein concentrate exhibited the lowest 
cohesiveness of  (0.44) and elasticity 4.34 compared to the con-
trol (0.61 and 4.48) respectively. While the addition of  5% and 
8% FPC does not bring a significant variation in values especially 
in elasticity. In general, both parameters give the cake structure 
resistance against compression, show the internal bonding devel-
opment in a three-dimensional protein network, and completely 
related with consumer acceptance. Mostly no big difference was 
found in elasticity and cohesiveness of  any cake with the addi-
tion of  lower FPC concentration, but a significant change was 
noticed as the quantity of  FPC was increased to 12%. Moreover, 
FPC supplemented cake show higher gumminess and chewiness 
values compared to whole egg cake, as the concentration of  FPC 
concentrate increased from (5-12%) the gumminess (1839-2052) 
and chewiness increased from (69.7-82.3) compared to the con-
trol (1249 and 54.93) respectively, but 12% FPC supplementation 
showed more prominent difference. When the level of  protein 
concentrate in the cakes was decreased, the gumminess and chew-
iness values were also decreased significantly but did not concide 
to the values shown by control cake. These both values follow 
hardness tendency because of  being dependent on hardness.

Color Analysis

Color attributes of  a food product are investigated as one of  the 
most important criteria which affect the over all quality and con-
sumer acceptability. Color assessment for control and FPC forti-
fied cake were accomplished by UltraScan PRO. The L*, a*, and

b* values were observed in the evaluation of  the prepared cakes 
and are given in Table 5. The cake fortified with 5% protein pow-
der showed maximum brightness (L*). The brightness (L*) of  
the cakes were decreased with the increase of  protein powder 
concentration but the redness (a*) and yellowness (b*) were in-
creased. Our findings reveal that the maximum brightness (L*) 
was noticed in cake fortified with 5% and 8% FPC respectively. 
Thus, the FPC substitution levels affected the color of  the fin-
ished product. 

 Cake fortified with 12% of  FPC reduces the color at-
tributes but, at the same time, enhances the redness and yellow-
ness characteristics of  cakes.The findings of  this study are in ac-
cordance with Mamat et al.38 Another study also reveals that the 
increasing tapioca flour and fish meat ratio reduce the brightness, 
while redness and yellowness tend to increase with the low-level 
of  fish meat.39 Similarly Martin et al40 observed a significant re-
duction in brightness (L*), where an increase was observed in 
redness (a*) and yellowness (b*) by increasing protein level in pre-
pared cake, with accordance to the present findings.

Sensory Analysis

Sensory evaluations of  cake were done in order to asses and de-
termined the acceptability of  different mixed ratio cake by con-
sumers. The control and fortified cake with (5%, 8%, and 12%) 
of  FPC were evaluated for organoleptic attributes such as ap-
pearance, texture, color, taste, flavor, and overall acceptability by 
a panel of  36 judges. The mean score of  control and fortified 
samples were given in (Table 6). The panelists were asked to rank 
the produced samples of  cake for their liking by using a descrip-
tive analysis of  9 points hedonic scale. No significant differences 
were observed by panelists between control and FPC fortified 
samples except sample fortified with 12% of  FPC. However, 8% 
of  FPC fortified cakes obtained the highest mean score for the 
most liked amongst all the treatments and have the maximum 
overall acceptability. Cakes prepared with 8% FPC got the best 
results for all sensory attributes, as noticed in (Table 6).

 Cakes prepared with 12% FPC content were detected to 
be the least acceptable formulation despite the fact of  the highest 
nutritional content. The slightly darker color, hard texture, and 
fish flavor were most likely could be the reason to get a low score. 
Thus, the result suggests that the incorporation of  8% FPC is 
best for enhancing the nutritional quality of  the cake without af-
fecting the organoleptic evaluation of  the cake.

Table 5. Color Analysis of FPC Supplemented Cakes

Sample
Parameters

L* a* b*

Control Cake 61.84±0.995b 10.57±0.316b 28.2±1.065c

5% FPC 59.56±0.658a 10.85±0.135b 29.23±0.322bc

8% FPC 59.24±0.730a 11.62±0.329ab 30.51±0.122ab

12% FPC 57.15±1.186a 12.75±0.461a 31.24±0.837a

Values reported are “mean±SD”; values followed by different super-
script letters in the same column are significantly different at p≤0.05.

Table 6. Sensory Analysis of Control and FPS Supplemented Cakes

Sample
Parameters

Appearance Color Texture Flavor Taste Overall Acceptability

Control Cake 7.63b 7.29bc 7.43bc 6.86c 6.58bc 7.158bc

5% FPC 7.49a 7.17b 7.32b 6.74b 6.41b 7.027b

8% FPC 7.54ab 7.21b 7.48c 6.79bc 6.52bc 7.108bc

12% FPC 6.81c 6.93a 7.03a 6.19a 5.81a 6.554a

Values reported are “mean±SD”; values followed by different superscript letters in the same column are 
significantly different at p≤0.05.
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CONCLUSION

The outcomes of  this study suggested that the FPC supplementa-
tion increased the nutritional properties of  cake. FPC enhanced 
the nutritious properties of  cake, in terms of  protein, fat, and ash 
contents. Moreover, the fortification of  FPC at 12% protein con-
tent reduced sensory quality attributes and overall acceptability. 
This study also says that more than 8% of  FPC fortification could 
affect dough rheological properties and sensory attributes of  the 
cake. It is apparent that the fortification of  protein content up 
to 8% in cakes will not affect the individual as well as the overall 
acceptability sense of  the consumers and increase its nutritional 
value. Furthermore, this study conclusively provides significant 
information regarding effective fish utilization and malnutrition 
problems. 
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Background
Although there is considerable information on the nutritional composition of  the common walnut, information on the iron walnut 
is scarce.
Aim
To analyze the nutritional composition of  Lincang walnuts (which belong to the species Juglans sigillata L., also known as the iron 
walnut) and if  they confer any advantages over Xinjiang or Californian walnuts (both Juglans regia L. or common walnut).
Results
Nutrients of  particular nutritional significance in Lincang walnuts (both regular and old tree) were protein (5.9 and 5.6 g/30 g 
serve), dietary fiber (6.5 and 6.7 g/30 g serve), vitamin B6 (0.87 and 0.93 mg/30 g serve), copper (1.65 and 1.63 mg/30 g serve), 
magnesium (158 and 142 g/30 g serve), manganese (7.33 and 8.41 mg/30 g serve) and phosphorus (437 and 427 g/30 g serve). 
Despite a high fat content, the fatty acids profile was predominantly polyunsaturated and monounsaturated types. The Lincang 
walnuts were similar in macronutrient composition to the Xinjiang and Californian-sourced samples, but the Lincang ones were 
higher in some of  the B vitamins (niacin, thiamin, and vitamin B6) and minerals (manganese and to a lesser extent copper, iron, 
phosphorus, and potassium). The serotonin concentration in Lincang walnuts (7.6 and 7.2 mg/30 g serve) was over double that 
found in Californian walnuts (2.9 mg/30 g serve) and higher than Xinjiang walnuts (5.5 mg/30 g serve).
Conclusion
The nutrients present in Lincang walnuts confer a range of  well-established health benefits. One area of  particular interest is the 
role that walnuts may play in brain function owing to the combination of  nutrients and phytochemicals present. In addition to 
direct consumption of  walnuts, there are many options for the development of  functional food products, including walnuts as 
ingredients, to promote regular consumption of  walnuts for improvement of  health.

Keywords
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INTRODUCTION 

In recent years there has been increasing interest in nut con-
sumption and the impacts on human health.1-3 Nuts, such as 

walnuts but also almonds, Brazil nuts, cashews, hazelnuts, macada-
mias, peanuts, and pistachios, are often regarded as nutrient-dense 
foods. Each type of  nut contributes similar but different profiles 
of  nutrients and other bioactive substances and are often included 
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in healthy eating recommendations. Of  particular note are the pro-
tein, dietary fiber, healthy fats, vitamins (e.g. vitamin E and selected 
B vitamins including folate, and thiamin) and minerals (e.g. mag-
nesium, copper, potassium, and selenium) contents. In addition, 
bioactive components such as phytosterols, phenolics and more 
recently serotonin and melatonin have attracted considerable inter-
est in terms of  their contribution to human health.4-8

 The genus Juglans includes 21 species, with the common, 
English or Persian walnut (Juglans regia L.) being the most economi-
cally important cultivated species. There has been less study of  the 

walnut species Juglans sigillata L., also known as the (Chinese) iron 
walnut — the species grown in Lincang, which is the focus of  this 
study. It has been debated for some time if  the common and iron 
walnuts are different species or simply different ecological types.9

 There is considerable information on the nutritional 
composition of  the common walnut, including in the United States 
(U.S.),10 Australian11 and New Zealand National Food Composi-
tion Databases12 (Table 1). In terms of  nutritional significance (sig-
nificant contribution to recommended dietary intakes) the com-
ponents of  note are protein, dietary fiber, biotin, folate, thiamine, 

Table 1. Existing Information on the Nutritional Composition of Raw Walnuts from Major Food Composition Databases. Values are 
Expressed per 100 g Fresh Weight

Nutrient Class Nutrient Unit USA10 Australia11 New Zealand12

Proximates

Energy kJ 2738 2904 2836

Protein g 15.2 14.4 14.5

Fat, total g 65.2 69.2 68.8

     -Fatty acids, saturated g 6.1 4.4 4.9

     -Fatty acids, trans g nr 0.02 0.00

     -Fatty acids, monounsaturated g 8.9 12.1 9.0

     -Fatty acids, polyunsaturated g 47.2 49.6 50.0

     -Cholesterol mg 0 0 0

Available carbohydrate, by difference g 13.7 11.6 2.0

Available carbohydrate, measured g 2.7 3.0 2.6

Total sugars g 2.6 2.7 2.5

Starch g 0.1 0.3 0.1

Dietary fibre g 6.7 6.4 9.0

Vitamins

Biotin μg nr 19 nr

Folate μg 98 70 86

Niacin (B3) mg 1.12 1.40 4.49

Pantothenic acid mg 0.57 0.66 nr

Riboflavin (B2) mg 0.15 0.18 0.17

Thiamin (B1) mg 0.341 0.33 0.35

Vitamin A, retinol equivalents (RE) μg 1 4 1.5

Vitamin B6 mg 0.537 0.43 0.6

Vitamin B12 ug 0 nr 0

Vitamin C mg 1.3 0 0

Vitamin D μg 0.00 nr 0.00

Vitamin E mg 0.70 2.60 1.01

Vitamin K μg 2.7 nr nr

Minerals

Calcium (Ca) mg 98 89 78

Copper (Cu) mg 1.59 1.40 1.35

Iodine (I) μg nr nr 0.0

Iron (Fe) mg 2.91 2.50 2.70

Magnesium (Mg) mg 158 150 165

Manganese (Mn) mg 3.41 3.20 3.40

Phosphorus (P) mg 346 370 380

Potassium (K) mg 441 440 470

Selenium (Se) μg 4.9 2 0

Sodium (Na) mg 2 3 0

Zinc (Zn) mg 3.09 2.53 3.00

nr=not reported
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vitamin B6, copper, magnesium, manganese, phosphorus and zinc. 
Although high in fats, the fatty acid profile is also ideal, with a high 
proportion of  polyunsaturated fatty acids (PUFA). In addition to 
nutrients, walnuts contain a number of  phytochemicals that may 
contribute to biological activities. The phytochemicals reported as 
present in walnuts include phenolics (e.g. proanthocyanins, ellagic 
acid, ellagitannins, flavonoids), phytosterols, sphingolipids, sero-
tonin and melatonin.4,7,8,13

 Unlike the common walnut, composition data for iron 
walnut in the international scientific literature are scarce. Zhai et 
al14 compared the mineral contents of  the common walnut and 
iron walnut. The order of  the selected minerals in the common 
walnut was Mg>Ca>Zn>Mn>Fe>Cu, while in the iron walnut 
it was Mg>Ca>Mn>Fe>Zn>Cu. Although there were slight dif-
ferences in order these may be minimal in terms of  nutritional 
significance but warrant further investigation. These authors also 
determined the amino acid composition and found the order of  
components in the common walnut was leucine>isoleucine>vali
ne>phenylalanine>lysine>threonine>methionine, while the order 
in the iron walnut was leucine>isoleucine>lysine>phenylalanine>

valine>threonine>methionine. As with the minerals these slight 
differences may have limited nutritional significance but do indi-
cate they should be examined in our study to ascertain if  there are 
differences. In a second paper, Zhai et al15 noted oil from the iron 
walnut was high in linoleic acid and tocopherols. In another study, 
Gao et al16 compared common walnut oil and iron walnut oil and 
noted differences in their lipid composition: iron walnut oil con-
tained C16:1, C22:0, and C22:1 fatty acids that were not detected 
in common walnut oil. However, the amounts of  these fatty acids 
were low and the key fatty acids present in larger amounts were 
similar across both species. In addition, these authors found that 
concentrations of  tocopherols, phytosterols, squalene, and poly-
phenols in iron walnut oil were significantly lower than those of  
common walnut oil.

 Numerous health benefits have been reported for wal-
nuts from in vitro studies through animal studies, epidemiological 
evidence and human intervention trials.17-50 It is only the human 
trials that provide concrete evidence for the potential health ben-
efits, and many recent key trials are summarised in Table 2. Ef-
fects of  walnut consumption may be seen with acute ingestion as 

Table 2. Summary of Some of the Potential Health Benefits of Walnuts from Recent Human Studies

Health Area Study Findings Reference

Cancer (breast) A non-placebo clinical trial with 57 g walnuts per day pre- and post-surgery altered gene expressions 
related to tumor growth, survival, and metastasis in breast cancer patients.

43

Cancer (prostate) Walnuts (75 g per day for 8 weeks) increased plasma γ-tocopherol and free prostate-specific antigen 
(PSA)/total PSA.

44

Cardiovascular health

A randomized, crossover trial with 65 g walnuts per day for 4 weeks significantly reduced low-density 
lipoprotein (LDL)-cholesterol, total cholesterol, and LDL/high-density lipoprotein (HDL) ratio. Plasma 
polyunsaturated fatty acids (PUFA) were higher.

45

A 2 year intervention with walnuts at 15% energy intake (average 42.5 g walnuts per day) reduced 
systolic blood pressure in elderly subjects, particularly in those with mild hypertension.

46

Consumption of 56 g walnuts per day for 8 weeks improved endothelial function in a randomized, 
controlled crossover trial.

18

A single-blind, controlled crossover trial with type 2 diabetic individuals showed consumption of 56 g 
walnuts per day for 8 weeks improved endothelial function.

47

Intervention with 21 or 42 g walnuts per day for 6 weeks decreased total cholesterol and LDL-
cholesterol.

40

Walnuts at 28-64 g per day for 6 months decreased total cholesterol and triglycerides. 48

Cognitive function

In a cross-sectional assessment consumption of walnuts was associated with improved working 
memory in an older female cohort at high cardiovascular disease risk.

31

A double-blind, randomized, placebo-controlled study demonstrated walnuts (60 g per day in banana 
bread for 8 weeks) improved mood in healthy, young males but no significant changes observed with 
both genders combined or females.

30

Diabetes/glucoregulation

Epidemiological data showed consumption of walnuts was associated with a lower risk for diabetes 
compared with non-nut consumers.

23

Data from two large cohort studies showed walnut consumption (≥ twice/week) was associated with a 
lower risk of developing type 2 diabetes.

26

A randomized parallel group trial with 30 g walnut per day for 1-year reduced fasting insulin and 
increased PUFA intake.

27

Improvement in diet quality

Walnuts (average of 42.5 g/day for 2-years) increased beneficial nutrient intake (e.g. protein, PUFA) 
while reducing saturated fatty acids and sodium in a prospective, parallel design trial.

21

A randomized, controlled crossover trial with 75 g/day of walnuts for 8-weeks provided beneficial 
nutrients, such as monounsaturated fatty acids (MUFA), PUFA and dietary fiber.

22

Metabolic syndrome (MetS)

Intervention with 48 g walnuts/day for 4 days increased satiety and sense of fullness but had no impact 
on insulin resistance.

24

A randomized, crossover study with 45 g walnuts/day or 16-weeks increased the concentration of 
HDL-c and decreased fasting glucose.

49

A single walnut enriched meal increased adiponectin. 25
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well as with chronic consumption.1 The largest body of  evidence 
is for a reduction in cardiovascular disease risk, which may happen 
through a variety of  mechanisms including improvement in blood 
lipid profile, blood pressure, and cholesterol reduction, moderating 
inflammation and/or improving endothelial function.17-20 Walnut 
consumption seems to be a strategy to improve diet quality by in-
creasing the intake of  important dietary nutrients and replacing 
less nutritious foods in the diet.21,22 Walnuts may also provide bene-
fits for overweight individuals and diabetics/pre-diabetics through 
a variety of  mechanisms.23-27 Including walnuts in the diet has led to 
increased dietary intake of  some nutrients associated with a lower 
risk of  developing type 2 diabetes and other cardiometabolic risk 
factors.28,29

 An area of  particular interest is the role walnuts may play 
in brain health. One small human intervention study showed some 
effects on mood, although only in males.30 A small cross-sectional 
study showed improvements in working memory in an older fe-
male cohort at high cardiovascular disease risk.31 However, walnut 
supplementation for 2-years was shown not to affect cognition in 
healthy, free-living elderly people.32 However, in this study, there 
were some indications that walnuts might delay cognitive decline 
in subgroups at higher risk for dementia. In addition to human 
trials, animal trials indicate other potential health benefits, includ-
ing other effects on brain function. Walnut diets improved motor 
performance and cognitive ability in older mice, but effects were 
dependent on amounts consumed, with the moderate intake being 
optimal.33 These authors subsequently showed anti-inflammatory 
effects of  walnuts in microglia, which could have benefits in pro-
tecting neurodegeneration.34 Poulose et al35 also showed that the 
polyphenols in walnuts may reduce inflammation and oxidant load 
in brain cells, improve signaling between neurons, increase neu-
rogenesis, and enhance sequestration of  insoluble toxic protein 
aggregates. The effect of  walnuts on learning and memory func-
tion in rats was also investigated by Haider et al,36 who showed 
enhanced performance and reduced anxiety. A further study with 
pregnant and lactating mice revealed that their adult pups showed 
improvements in memory and learning.37

 Walnuts have often been shown to possess significant 
antioxidant activity in vitro.38 How this translates to benefits in vivo 
remains uncertain. There has been considerable debate in recent 
years about the relevance of  antioxidant activity measures and 
the US Department of  Agriculture (USDA) removed the oxygen 
radical absorbance capacity (ORAC) database.39 Many questions 
regarding the antioxidant capacity of  foods, and whether or not 
those measurements have any bearing on effectiveness in the hu-
man body, remain unanswered and research is ongoing. With spe-
cific regards to walnuts, consumption did not significantly change 
the plasma antioxidant capacity of  healthy, well-nourished older 
adults.40 Other studies have shown positive changes in plasma 
oxidative stress measures after walnut consumption.41,42 However, 
what this may mean to human health outcomes remains uncertain.
The aim of  this study was to determine the composition of  Lin-
cang walnuts (regular and old tree), to determine which health ben-
efits may be able to be promoted and if  they confer any advantages 
over Xinjiang or Californian walnuts.

 MATERIALS AND METHODS 

Samples

Because the analysis reported here was intended to distinguish 
the nutritional differences between walnuts from three different 
locations, we selected the largest producing regions, which are 
Lincang (Yunnan Province), Xinjiang and California. Four com-
posite samples were analyzed as follows:

• Sample A: Lincang old-tree walnuts (trees>100-years-old); 
  Juglans sigillata
• Sample B: Lincang regular walnuts; Juglans sigillata
• Sample C: Xinjiang walnuts; Juglans regia
• Sample D: Californian walnuts; Juglans regia.

 Samples A and B were provided by the Lincang For-
estry and Grassland Bureau. Sample A was provided on August 
3, 2019 and was produced in July 2019. Sample B was provided 
on  August 26, 2019 and was produced in August 2019. Sample 
C was purchased over the internet. Its production date was July 
18, 2019, the production company was Fenyang Yuankang Na-
tive Product Co., Ltd. in Changsha, Hunan, China, and the wal-
nut production location is Akesu City, Xinjiang Province, China. 
Sample D was also purchased via the internet on August 15, 2019, 
its “best before” date was March 15, 2020 and the walnut produc-
tion location was California, USA. Based on purchase dates and 
“best before” dates, the walnuts were of  a similar age.

 Analyses of  composite samples were conducted using 
the methodology outlined below. Samples were analyzed blind 
using the letter codes. Data were expressed per 100 g but also 
on a per serve basis, to put the data in a nutritional context of  
typical dietary intake. Serve has been set as 30 g, consistent with 
the international recommendations. To determine nutritional 
significance, the nutrient data were calculated as percentages of  
the recommended nutrient intakes (RNIs) for adult males aged 
18-49-years in China.50

Nutritional Analysis

Nutritional analysis was conducted by Anchor Center for R&D 
and Certification (ACC Labs, China) using the methodology out-
lined in Table 3. Analysis of  each nutrient was carried out in du-
plicate.

Serotonin and Melatonin Analysis 

The concentration of  serotonin in walnuts was determined in trip-
licate by liquid chromatography mass spectrometry (LCMS) with 
ion trap detection following a recently published method8 and us-
ing methanol:water 1:1 (v/v) as the extraction solvent.

 As melatonin was not detected in the above method, a 
more targeted extraction for melatonin in walnuts (1 g) was under 
taken. This followed a published method51 using methanol as the 
extraction solvent and with the addition of  evaporation and solve-
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nt partition steps to improve the limit of  detection of  analysis. 
Extractions using the Reiter methodology were repeated but etha-

nol was used as the extraction solvent. Concentrated samples were 
analyzed by LCMS with triple quad detection.

RESULTS AND DISCUSSION

Macronutrients

The composition of  macronutrients in the four walnut samples is 
given in Table 4. For the most part, the differences between the 
four samples were relatively small. The Lincang walnuts were a lit-
tle higher in monounsaturated fatty acids. There are some differ-
ences in the nutrient values reported in this study compared with 
the literature and international food composition tables (Table 1). 
Energy values were slightly lower but this is probably because of  
the lower fat contents reported here (although they may also in 
part because of  calculation methods, as there are numerous ways 
in which energy is calculated depending on regulatory require-
ments in each country). On the other hand protein values in this 
study were slightly higher than given in Table 1 and dietary fiber 
was significantly higher here. Analysis of  walnuts is complex be-
cause of  the high fat content. This is demonstrated by large varia-
tions in available carbohydrate measures depending if  determined 
by difference or using analytical values. This is evident in the data 
shown in Table 1, with United States (U. S.) and Australian data 
having significant differences.

 The fatty acid composition of  the four walnut samples is 
shown in Table 5, with linoleic acid being the predominant fatty 
acid in all four samples. This result is in agreement with the values 
reported in international databases10-12 and reported by Gao et al16 
for iron walnut oil. The profiles of  the Lincang walnuts and the 
other two samples were similar, but α-linolenic acid content was 
lower in the Lincang samples. However, the Lincang samples con-

Table 3. Details of Methods Used for Nutritional Analysis

Nutrient Test method 

Energy Calculated

Protein GB 5009.5-2016 Part 1

Amino acids GB 5009.124-2016

Fat GB 5009.6-2016 Part 2

Fatty acids GB 5009.168-2016 Part 1

Cholesterol GB 5009.128-2016 Part 1

Carbohydrate Calculated

Sugars GB 5009.8-2016 Part 1

Dietary Fiber GB 5009.88-2014 6.3

Folate GB 5009.211-2014

Niacin (B3) GB 5009.89-2016 Part 2

Thiamin (B1) GB 5009.84-2016 Part 1

Vitamin A GB 5009.82-2016 Part 1

Vitamin B6 GB 5009.154-2016 Part 1

Vitamin C GB 5009.86-2016 Part 2

Vitamin E GB 5009.82-2016 Part 1

Calcium GB 5009.268-2016 Part 1

Copper GB 5009.268-2016 Part 1

Iron GB 5009.268-2016 Part 1

Magnesium GB 5009.268-2016 Part 1

Manganese GB 5009.268-2016 Part 1

Phosphorus GB 5009.87-2016 Part 1

Potassium GB 5009.268-2016 Part 1

Sodium GB 5009.268-2016 Part 1

Zinc GB 5009.268-2016 Part 1

Table 4. Proximate Content of the Four Types of Walnut Analyzed in this Study (Results are the Average of Duplicate Composite Samples)

Nutrient Units
Values in mg Per 100 g Values in mg per 30 g Serve

Lincang 
Old Tree

Lincang 
Regular Xinjiang California Lincang 

Old Tree
Lincang 
Regular Xinjiang California

Energy kJ 2331 2391 2306 2337 699 717 692 701

Protein g 19.6 18.5 19.2 17.7 5.9 5.6 5.8 5.3

Fat, total g 46.2 49.5 45.6 47.9 13.9 14.9 13.7 14.4

     - Fatty acids, saturated g 4.56 4.94 4.73 4.51 1.37 1.48 1.42 1.35

     - Fatty acids, trans g 0.053 0.057 0.055 0.079 0.016 0.017 0.017 0.024

     - Fatty acid, monounsaturated g 8.8 11.1 6.84 6.75 2.64 3.33 2.05 2.03

     - Fatty acid, polyunsaturated g 32.4 32.4 33.7 34.4 9.7 9.7 10.1 10.3

Cholesterol mg nd nd nd nd nd nd nd nd

Available carbohydrate, by difference g 6.8 3.9 6.2 3.6 2.0 1.2 1.9 1.1

Total sugars g 2.6 1.7 2.1 2.1 0.78 0.51 0.63 0.63

     - Sucrose g 1.9 1.1 1.6 2.1 0.57 0.33 0.48 0.63

     - Glucose g 0.36 0.32 0.26 nd 0.11 0.10 0.08 nd

     - Fructose g 0.363 0.29 0.23 nd 0.11 0.09 0.07 nd

     - Lactose g nd nd nd nd nd nd nd nd

     - Maltose g nd nd nd nd nd nd nd nd

Dietary Fiber g 21.6 22.3 23.4 25.3 6.5 6.7 7.0 7.6

nd=not detected
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tained significantly more oleic acid and slightly more linoleic acid. 
Previously Gao et al16 noted differences in the lipid composition 
of  common walnut and iron walnut oil, with the latter contain-
ing C16:1, C22:0, and C22:1 fatty acids, which were not detected 
in common walnut oil. In this study, these three fatty acids were 
detected in very low concentrations in all samples.

 Amino acid composition of  the four walnut samples 

is provided in Table 6. The Lincang walnuts did have a slightly 
higher total amino acid content, particularly those from old trees, 
and this would be the result of  the slightly higher protein content. 
However, the proportions of  individual components were not 
significantly different. In all four walnut types, the predominant 
amino acids were glutamic acid, arginine, aspartic acid, and leu-
cine, which is in agreement with international database values,10-12 
but differs from data published by Zhai et al.14

Table 5. Fatty Acid Composition of the Four Types of Walnut Analyzed in this Study (Results are the Average of Duplicate Composite Samples)

Fatty Acid Name Lincang Old 
Tree Lincang Regular Xinjiang California

Saturated fatty acids

Butyric acid (C4:0) nd nd nd nd

Caproic acid (C6:0) nd nd nd nd

Caprylic acid (C8:0) nd nd nd nd

Capric acid (C10:0) nd nd nd nd

Lauric acid (C12:0) nd nd nd 0.01

Tridecanoic acid (C13:0) nd nd nd nd

Myristic acid (C14:0) 0.13 0.08 0.13 0.07

Pentadecanoic acid (C15:0) 0.01 0.01 0.01 0.01

Palmiticacid / Hexadacanoicacid (C16:0) 3.17 3.49 3.21 2.99

Heptadecanoic acid (C17:0) 0.03 0.03 0.03 0.02

Stearic acid / Octadecanoic acid (C18:0) 1.15 1.25 1.27 1.34

Arachidic acid (C20:0) 0.05 0.04 0.04 0.04

Henicosanoic acid (C21:0) nd 0.01 0.01 0.01

Behenic acid (C22:0) 0.02 0.02 0.02 0.02

Tricosanoic acid (C23:0) nd nd nd nd

Lignoceric acid (C24:0) 0.01 0.01 0.01 nd

Monounsaturated fatty acids

Myristoleic acid (C14:1) nd nd nd nd

cis-10-Pentadecenoic acid (C15:1) nd nd nd nd

Palmitoleic acid (C16:1) 0.06 0.08 0.04 0.03

cis-10-Heptadecenoic acid (C17:1) nd nd nd nd

Elaidic acid (C18:1n9t) 0.02 0.11 0.05 0.09

Oleicacid / Octadecenoicacid (C18:1n9c) 8.65 10.86 6.60 6.44

cis-11-Eicosenoic acid (C20:1) 0.06 0.09 0.13 0.17

Erucic acid (C22:1n9) 0.02 0.01 0.02 0.02

Nervonic acid (C24:1n9) nd nd nd nd

Polyunsaturated fatty acids

Linolelaidic acid (C18:2n6t) nd 0.01 nd 0.01

Linoleic acid (C18:2n6c) 28.73 28.70 27.51 27.67

γ-Linolenicacid (C18:3n6) nd nd nd nd

α-Linolenicacid (C18:3n3) 3.65 3.72 6.16 6.73

cis-11,14-Eicosadienoic acid (C20:2) 0.01 0.01 0.02 0.02

cis-8,11,14-Eicosatrienoic acid (C20:3n6) nd nd nd nd

cis-11,14,17-Eicosatrienoic acid (C20:3n3) nd nd nd nd

Arachidonic acid (C20:4n6) 0.01 0.01 0.01 0.01

cis-5,8,11,14,17-Eicosapentaenoic acid (C20:5n3) nd nd nd nd

cis-13,16-Docosadienoic acid (C22:2n6) nd nd nd nd

cis-4,7,10,13,16,19-Docosahexaenoic acid (C22:6n3) nd nd nd nd

nd=not detected
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Vitamins and Minerals

The vitamin and mineral contents are shown in Table 7. The val-
ues for the vitamins are largely in agreement with the composi-
tion given in Table 1, except for those for thiamin, which was 
lower in all samples analyzed in this study and vitamin B6, which 

was slightly higher. Lincang walnuts contained more of  some of  
the B vitamins (niacin, thiamin, and B6) than the other two sam-
ples. Mineral contents were within the range generally reported in 
Table 1, although Lincang walnuts contained significantly more 
manganese and to a lesser extent copper, iron, phosphorus, and 
potassium. In some cases, mineral content may be influenced by 
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Table 6. Amino Acid Composition of the Four Types of Walnut Analyzed in this Study (Results 
are the Average of Duplicate Composite Samples)

Amino Acid Unit Lincang 
Old Tree

Lincang 
Regular Xinjiang California

Alanine g/100 g 0.78 0.73 0.66 0.70

Arginine g/100 g 2.36 2.21 2.08 2.08

Aspartic acid g/100 g 1.83 1.78 1.60 1.66

Cystine g/100 g 0.28 0.25 0.24 0.24

Glutamic acid g/100 g 3.28 3.00 2.89 2.96

Glycine g/100 g 0.89 0.83 0.79 0.82

Histidine g/100 g 0.55 0.50 0.48 0.49

Isoleucine g/100 g 0.67 0.63 0.59 0.61

Leucine g/100 g 1.25 1.16 1.06 1.12

Lysine g/100 g 0.55 0.51 0.51 0.54

Methionine g/100 g 0.13 0.13 0.12 0.11

Phenylalanine g/100 g 0.77 0.72 0.66 0.69

Proline g/100 g 0.85 0.79 0.72 0.76

Serine g/100 g 0.89 0.84 0.77 0.80

Threonine g/100 g 0.65 0.62 0.57 0.59

Tryptophan g/100 g 0.25 0.23 0.21 0.21

Tyrosine g/100 g 0.54 0.51 0.48 0.48

Valine g/100 g 0.77 0.72 0.67 0.70

Total amino acids g/100 g 17.29 16.16 15.10 15.56

Table 7. Vitamin and Mineral Content of the Four Types of Walnut Analyzed in this Study (Results are the Average of Duplicate Composite Samples)

Vitamin/
Mineral Units

Values in mg Per 100 g Values in mg per 30-g Serve

Lincang 
Old Tree

Lincang 
Regular Xinjiang California Lincang 

Old Tree
Lincang 
Regular Xinjiang California

Folate μg 88.3 88.3 84.5 88.3 26.5 26.5 25.4 26.5

Niacin (B3) mg 2.13 2.12 1.31 1.61 0.64 0.64 0.39 0.48

Thiamin (B1) mg 0.105 0.107 0.073 0.063 0.032 0.032 0.022 0.019

Vitamin A, RE mg nd nd nd nd nd nd nd nd

Vitamin B6 mg 0.869 0.934 0.752 0.707 0.261 0.280 0.226 0.212

Vitamin C mg nd nd nd nd nd nd nd nd

Vitamin E mg 1.73 1.56 1.65 1.84 0.52 0.47 0.50 0.55

Calcium mg 76 65.7 96 107 22.8 19.7 28.9 32.1

Copper mg 1.65 1.63 1.25 0.86 0.50 0.49 0.38 0.26

Iron mg 2.61 2.71 2.46 2.04 0.78 0.81 0.74 0.61

Magnesium mg 158 142 154 132 47.4 42.6 46.2 39.6

Manganese mg 7.33 8.41 3.01 3.06 2.20 2.52 0.90 0.92

Phosphorus mg 437 427 349 399 131 128 105 120

Potassium mg 521 488 405 427 156 146 122 128

Sodium mg nd nd 0.8 nd nd nd 0.24 nd

Zinc mg 2.28 2.40 2.74 2.70 0.68 0.72 0.82 0.81

nd=not detected; RE=Retinol Equivalents
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the mineral content in the soil where the trees are grown.

Serotonin and Melatonin

The concentration of  serotonin in walnuts was determined by 
LCMS and the results are shown in Table 8 (results presented 
are the average of  triplicate composite samples). Lincang walnuts 
were significantly higher in serotonin, particularly compared with 
the Californian sample. The concentrations reported here for the 
Californian and Xinjiang walnuts are similar to those reported 
by Yilmaz et al,8 but higher than those reported by Feldman et 
al,52 Reiter et al51 or Tapia et al53 for common/English walnuts. 
Feldman et al52 did report higher concentrations of  serotonin in 
black walnuts (30.4 mg/100 g) or butternuts/Juglans cinerea (39.8 
mg/100 g). Thus, the Lincang walnuts may confer some advan-
tage in this area over the common walnut.

 Using the initial methodology, no melatonin was detect-
ed and thus a more targeted extraction was undertaken following 
a published method.51 Using this methodology no melatonin was 
detected. Matrix spikes at concentrations consistent with those 
previously reported in raw walnut of  350 ng/100 g51 were ob-
served. Using this latter method, dopamine was detected but not 
melatonin. It is possible that the method needs some further vali-
dation of  the clean-up step before there is much chance of  suc-
cess. However, even then it is unlikely that the concentration of  
melatonin in walnut is of  dietary significance, but the presence of  
tryptophan and serotonin in walnuts may mean that our body can 
generate melatonin after walnut ingestion.

Reasons for Differences in Composition

There may be several reasons for the differences in the composi-
tion of  the four walnut samples, including the species/variety and 
environmental factors (e.g. climate and soil). The climatic factors 
in the main producing areas of  iron walnut in the Yunnan prov-
ince have been reported.54 The geographical coordinates of  Lin-
cang City are 98°40’-100°34’ E, and 23°05’-25°02’ N. The Tropic 
of  Cancer runs through the southern part of  Lincang and it has 
a subtropical low-latitude mountain monsoon climate. Lincang is 
located on the watershed boundary of  the Pacific Ocean and the 
Indian Ocean and the climate is affected by the two oceans and in 
particular the warm and humid air currents of  the Indian Ocean 
and the southwest monsoon. The average annual precipitation 
is 906-1584 mm; the sunshine duration is long (annual average 
sunshine time is more than 2000-hours). The frost period is short 
and in some areas, there is no frost all year round and the annual 
average temperature is 16.6-19.5 °C.

 Soil composition may also affect the nutritional compo-
sition and the nature of  Lincang soils has been studied.55,56 Car-
bonatite is the main soil in the Yunnan walnut planting area, es-
pecially brick-red soil and limestone. The brick-red soil has good 
hydrothermal conditions, and the parent materials are mostly 
granite, phyllite, gneiss, sand shale, and old alluvial laterite. The 
limestone soil is rich in organic matter and nutrients, with a good 
structure. 

 The planting area of  Lincang seems to be particularly 
suitable for the growth of  walnuts and the unique climatic en-

Table 8. Serotonin and Melatonin Concentrations the Four Types of Walnut Analyzed in this Study (Results are the Mean of Tripli-
cate Samples±Standard Error of the Mean)

Component
Values in mg per 100 g Values in mg per 30 g serve

Lincang 
Old Tree

Lincang 
Regular Xinjiang California Lincang 

Old Tree
Lincang 
Regular Xinjiang California

Serotonin 25.2±0.9 23.9±0.5 18.4±1.7 9.8±0.3 7.6±0.3 7.2±0.2 5.5±0.5 2.9±0.1

Melatonin nd nd nd nd nd nd nd nd

nd=not detected

Table 9. Nutrients of Dietary Significance in Lincang Walnuts (Percentage Recommended Nutrient Intakes (RNIs) are Based on 
Chinese Values for an Adult Male, 18-49-Years-Old50)

Nutrient Unit
Lincang Old Tree Lincang Regular

Amount 
Per 100 g

Amount Per 
30 g Serve

%RNI Per 
Serve

Amount 
Per 100 g

Amount Per 
30 g Serve

%RNI Per 
Serve

Protein g 19.6 5.9 na 18.5 5.6 na

Dietary fibre g 21.6 6.5 na 22.3 6.7 na

Vitamin B6 mg 0.869 0.261 19% 0.934 0.280 20%

Copper mg 1.65 0.50 62% 1.63 0.49 61%

Magnesium mg 158 47 14% 142 43 13%

Manganese mg 7.33 2.20 49% 8.41 2.52 56%

Phosphorus mg 437 131 18% 427 128 18%

na=not applicable
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vironment appears to have a positive effect on walnut quality to 
some degree. These factors should be explored further to deter-
mine the main influences on nutritional composition and in par-
ticular the high serotonin content.

Significance of Walnut Composition for Health

To determine which nutrients were of  nutritional significance the 
concentrations were calculated in terms of  percentage of  how 
much a serve of  walnuts contributed to the Chinese RNIs. Those 
nutrients that were of  significance, i.e. delivered at least 10% of  
the reference intake in a server, are shown in Table 9. In terms 
of  macronutrients, the values cannot be expressed this way as 
the Chinese guidelines express these in terms of  percentages of  
energy intake. However, internationally, the protein content of  
5 g in serve is often regarded as of  significance, and likewise for 

dietary fiber of  2 g in a serve, and walnuts deliver in both cases. 
On the other hand, walnuts are high in fats and this can be re-
garded as negative. However, walnuts deliver large amounts of  
polyunsaturated and monounsaturated fatty acids, and diets con-
taining regular consumption of  walnuts do lead to a reduction in 
cardiovascular risk, with an improvement in plasma lipid profile.1

 Naturally, if  a serve of  greater than 30 g is consumed, 
other nutrients may reach nutritional significance. For example, 
when increasing the serve to 45 g, folate, iron, and potassium 
reach nutritional significance for the Lincang walnuts.

 There are numerous well-recognized health benefits 
of  those nutrients of  dietary significance and these are often re-
ferred to as structure/function claims (Table 10). In addition to 
the nutrients listed above, other components in walnut may con-

Table 10. The Main Well-Established Health Benefits Recognized Internationally for Each of the 
Key Nutrients Present in Walnuts

Nutrient Health benefit

Protein

Helps build and repair body tissues
Necessary for normal growth and development of bone in children
Contributes to the growth of muscle mass
Contributes to the maintenance of muscle mass
Contributes to the maintenance of normal bones
Necessary for normal growth and development in children
Contributes to the maintenance of normal bones

Dietary fiber Contributes to regular laxation

Vitamin B6

Necessary for normal protein metabolism
Necessary for normal iron transport and metabolism
Contributes to normal growth and development in children
Contributes to normal cysteine synthesis
Contributes to normal energy metabolism
Contributes to the normal functioning of the nervous system
Contributes to normal homocysteine metabolism
Contributes to normal glycogen metabolism
Contributes to normal psychological function
Contributes to normal red blood cell formation
Contributes to normal immune system function
Contributes to the reduction of tiredness and fatigue
Contributes to the regulation of hormonal activity

Copper

Contributes to normal connective tissue structure
Contributes to normal iron transport and metabolism
Contributes to cell protection from free radical damage
Necessary for normal energy production
Necessary for normal neurological function
Necessary for normal immune system function
Necessary for normal skin and hair coloration
Contributes to normal growth and development in children

Magnesium

Contributes to normal energy metabolism
Necessary for normal electrolyte balance
Necessary for normal nerve and muscle function
Necessary for teeth and bone structure
Contributes to a reduction of tiredness and fatigue
Necessary for normal protein synthesis
Contributes to normal psychological function
Necessary for normal cell division
Contributes to normal growth and development in children

Manganese

Contributes to normal bone formation
Contributes to normal energy metabolism
Contributes to cell protection from free radical damage
Contributes to normal connective tissue structure
Contributes to normal growth and development in children

Phosphorus

Necessary for normal teeth and bone structure
Necessary for the normal cell membrane structure
Necessary for normal energy metabolism
Contributes to normal growth and development in children
Needed for the normal growth and development of bone in children
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fer similar or additional health benefits. For example, the amino 
acid tryptophan is naturally found in animal and plant proteins 
(and is present in walnuts, Table 6). L-tryptophan is considered 
an essential amino acid because our bodies cannot make it. It is 
important for the development and functioning of  many organs 
in the body. After absorbing L-tryptophan from food, our bod-
ies convert it to 5-HTP (5-hydroxytryptophan), and then to sero-
tonin, melatonin, and niacin. Serotonin may have some important 
roles in the human body, including regulation of  appetite, anxi-
ety, sleep, mood and blood pressure, and decreasing amounts or 
depletion of  its synthesis might cause several diseases, including 
depression, obesity, and schizophrenia (reviewed in Yilmaz et al8). 
Thus, a higher-serotonin walnut, such as the Lincang ones, may 
confer these health advantages and warrants further investigation. 
At present, there is insufficient human clinical trial evidence to 
confirm the exact benefits of  high-serotonin walnuts.

 It is also likely that the particular combinations of  nu-
trients and phytochemicals in walnuts may confer the health ben-
efits, such as those shown in Table 2, rather than individual com-
ponents being responsible. One area of  particular interest is the 
role that walnuts may play in brain function due to the combina-
tion of  nutrients and phytochemicals present in Lincang walnuts. 
B vitamins, tryptophan and serotonin all play important roles in 
maintaining brain function. Likewise, regulation of  appetite, en-
hancing nutrient intake and metabolism may be important given 
increasing obesity rates.

 Internationally there have been two claims permitted by 
key regulators for walnuts concerning heart health. Firstly, the US 
Food and Drug Administration (FDA) approved: “Supportive but 
not conclusive research shows that eating 1.5 oz of  walnuts per day, as part 
of  a low saturated fat and low cholesterol diet, and not resulting in increased 
caloric intake may reduce the risk of  coronary heart disease”.57 Note 1.5 
oz of  walnuts equals ~43 g. Secondly, the European Food Safety 
Authority (EFSA) approved: “Walnuts contribute to the improvement 
of  the elasticity of  the blood vessels as part of  a balanced diet and a healthy 
lifestyle.”58 This health effect is through the improvement of  en-
dothelium-dependent vasodilation. To obtain the claimed effect, 
30 g of  walnuts should be consumed daily. Under this same opin-
ion, EFSA rejected more general claims around heart health, and 
in another opinion, claims for nuts (including walnuts) around 
weight maintenance were also rejected.59

CONCLUSION

Lincang walnuts are a valuable inclusion to a healthy diet and may 
contribute numerous health benefits. Of  particular nutritional 
significance are protein, dietary fiber, vitamin B6, copper, mag-
nesium, manganese, and phosphorus. The macro nutrient com-
position of  the Lincang walnuts was similar to the Xinjiang- and 
Californian-sourced samples. Lincang samples contained signifi-
cantly more oleic acid and slightly more linoleic acid. In addi-
tion, the Lincang walnuts were higher in some of  the B vitamins 
(niacin, thiamin and vitamin B6) than the other two samples. In 
terms of  the minerals, Lincang walnuts were significantly higher 
in manganese and to a lesser extent copper, iron, phosphorus, 

and potassium. The serotonin concentration in Lincang walnuts 
is particularly notable and much higher than that in Californian 
walnuts. The high serotonin concentration in Lincang walnuts is 
of  particular significance and may offer additional health benefits 
to the nutrients. In addition to direct consumption of  walnuts, 
there are many options for the development of  functional food 
products, including walnuts as ingredients, to promote regular 
consumption of  walnuts for improvement of  health.

ACKNOWLEDGMENTS

The funding of  the project was provided by the Lincang govern-
ment through the Anchor Center for Certification. Thank you 
to Limei Feng (The New Zealand Institute for Plant and Food 
Research Limited) who assisted with the literature review plus 
Liverpool Zhang (The New Zealand Institute for Plant and Food 
Research Limited) and Stella Si (Anchor Center for Certification) 
for project support.

INSTITUTIONAL REVIEW BOARD (IRB)

The paper has been through the Plant & Food Research's Science 
Publication Tracking System which is a compulsory internal pro-
cess for all scientific documents produced by our scientists. The 
tracking number is: 19105. It has also been approved for submis-
sion by Stella Si, Anchor Center for Certification.

CONFLICTS OF INTEREST

The authors declare that they have no conflicts of  interest. The 
agreement signed for funding agreed that the results would be 
provided as-is, even if  Lincang walnuts showed inferior results. 
The samples were analyzed blind to avoid any potential bias.

REFERENCES

1. de Souza RGM, Schincaglia RM, Pimentel GD, Mota JF. Nuts 
and human health outcomes: A systematic review. Nutrients. 2017; 
9(12): 1311; doi: 10.3390/nu9121311

2. Ros E. Health benefits of  nut consumption. Nutrients. 2010; 
2(7): 652-682. doi: 10.3390/nu2070652

3. Vadivel V, Kunyanga CN, Biesalski HK. Health benefits of  nut 
consumption with special reference to body weight control. Nutri-
tion. 2012; 28(11-12): 1089-1097. doi: 10.1016/j.nut.2012.01.004

4. Alasalvar C, Bolling BW. Review of  nut phytochemicals, fat-sol-
uble bioactives, antioxidant components and health effects. Br J 
Nutr.2015; 113: S68-S78. doi: 10.1017/S0007114514003729

5. Bolling BW, McKay DL, Blumberg JB. The phytochemical 
composition and antioxidant actions of  tree nuts. Asia Pac J Clin 
Nutr. 2010; 19(1): 117-123.

6. Camara CRS, Schlegel V. A review on the potential human 
health benefits of  the Black walnut: A comparison with the Eng-
lish walnuts and other tree nuts. Int J Food Prop. 2016; 19(10): 

38 Original Research | Volume 6 | Number 1|

http://dx.doi.org/10.17140/AFTNSOJ-6-166
https://doi.org/10.3390/nu9121311
https://doi.org/10.3390/nu2070652
https://doi.org/10.1016/j.nut.2012.01.004
https://doi.org/10.1017/S0007114514003729


 Adv Food Technol Nutr Sci Open J. 2020; 6(1): 29-41. doi: 10.17140/AFTNSOJ-6-166

Lister CE et al

2175-2189. doi: 10.1080/10942912.2015.1114951

7. Gorji N, Moeini R, Memariani Z. Almond, hazelnut and wal-
nut, three nuts for neuroprotection in Alzheimer's disease: A neu-
ropharmacological review of  their bioactive constituents. Pharma-
col Res. 2018; 129: 115-127. doi: 10.1016/j.phrs.2017.12.003

8. Yilmaz C, Tas NG, Kocadagli T, Gokmen V. Determination of  
serotonin in nuts and nut containing products by liquid chroma-
tography tandem mass spectrometry. Food Chem. 2019; 272: 347-
353. doi: 10.1016/j.foodchem.2018.08.064

9. Gunn BF, Aradhya M, Salick JM, Miller AJ, Yongping Y, Lin L, 
et al. Genetic variation in walnuts (Juglans regia and Juglans  sigillata; 
Juglandaceae): species distinctions, human impacts, and the con-
servation of  agrobiodiversity in Yunnan, China. Am J Bot. 2010; 
97(4): 660-671. doi: 10.3732/ajb.0900114

10. US Department of  Agriculture, Agricultural Research Service. 
FoodData Central Web site. https://fdc.nal.usda.gov/. Accessed 
October 14, 2019.

11. Food Standards Australia New Zealand. Australian Food 
Composition Database – Release 1. Canberra: FSANZ Web site. 
https://www.foodstandards.gov.au/science/monitoringnutri-
ents/afcd/Pages/default.aspx. Accessed October 14, 2019.

12. New Zealand Food Composition Database. New Zealand 
Food Composition Database Online Search. The New Zealand 
Institute for Plant & Food Research Limited and Ministry of  
Health Web site. https://www.foodcomposition.co.nz/search. 
Accessed October 14, 2019.

13. Panth N, Paudel KR, Karki R. Phytochemical profile and bio-
logical activity of  Juglans regia. J Integr Med. 2016; 14(5): 359-373. 
doi: 10.1016/S2095-4964(16)60274-1

14. Zhai MZ, Wang ZY, Wang D, Xu J, Shi GZ. Comparative 
analysis of  mineral elements and essential amino acids composi-
tions in Juglanssigillata and J. regia walnuts kernels. Not Bot Horti 
Agrobo. 2014; 42(1): 36-42. doi: 10.15835/nbha4219426

15. Zhai MZ, Wang D, Wang ZY, Li L, Yang H. Fatty acid com-
position and tocopherol content of  13 walnut cultivars grown in 
China. In: Tian J, ed. VII International Walnut Symposium. Leuven 
1: International Society for Horticultural Science; 2014; 291-297.

16. Gao P, Liu RJ, Jin QZ, Wang XG. Comparative study of  
chemical compositions and antioxidant capacities of  oils obtained 
from two species of  walnut: Juglansregia and Juglanssigillata. Food 
Chem. 2019; 279: 279-287. doi: 10.1016/j.foodchem.2018.12.016

17. Barbour JA, Howe PR, Buckley JD, Bryan J, Coates AM. Nut 
consumption for vascular health and cognitive function. Nutr Res 
Rev. 2014; 27: 131-158. doi: 10.1017/S0954422414000079

18. Katz DL, Davidhi A, Ma YY, Kavak Y, Bifulco L, Njike 

VY. Effects of  walnuts on endothelial function in over-
weight adults with visceral obesity: A randomized, controlled, 
crossover trial. J Am Coll Nutr. 2012; 31(6): 415-423. doi: 
10.1080/07315724.2012.10720468

19. Mohammadi-Sartang M, Bellissimo N, de Zepetnek JOT, Ba-
zyar H, Mahmoodi M, Mazloom Z. Effects of  walnuts consump-
tion on vascular endothelial function in humans: A systematic re-
view and meta-analysis of  randomized controlled trials. Clin Nutr 
ESPEN. 2018; 28: 52-58. doi: 10.1016/j.clnesp.2018.07.009

20. Ros E, Izquierdo-Pulido M, Sala-Vila A. Beneficial effects 
of  walnut consumption on human health: role of  micronutri-
ents. Curr Opin Clin Nutr Metab Care. 2018; 21(6): 498-504. doi: 
10.1097/MCO.0000000000000508

21. Bitok E, Jaceldo-Siegl K, Rajaram S, Serra-Mir M, Roth I, 
Feitas-Simoes T, et al. Favourable nutrient intake and displace-
ment with long-term walnut supplementation among elderly: Re-
sults of  a randomised trial. Br J Nutr. 2017; 118(3): 201-209. doi: 
10.1017/S0007114517001957

22. Kranz S, Hill AM, Fleming JA, Hartman TJ, West SG, 
Kris-Etherton PM. Nutrient displacement associated with walnut 
supplementation in men. J Hum Nutr Diet. 2014; 27: 247-254. doi: 
10.1111/jhn.12146

23. Arab L, Dhaliwal SK, Martin CJ, Larios AD, Jackson NJ, 
Elashoff  D. Association between walnut consumption and diabe-
tes risk in NHANES. Diabetes Metab Res Rev. 2018; 34(7): e3031. 
doi: 10.1002/dmrr.3031

24. Brennan AM, Sweeney LL, Liu XW, Mantzoros CS. Walnut 
consumption increases satiation but has no effect on insulin re-
sistance or the metabolic profile over a 4-day period. Obesity (Silver 
Spring). 2010; 18(6): 1176-1182. doi: 10.1038/oby.2009.409

25. Lozano A, Perez-Martinez P, Marin C, Tinahones FJ, Del-
gado-Lista J, Cruz-Teno C, et al. An acute intake of  a wal-
nut-enriched meal improves postprandial adiponectin response 
in healthy young adults. Nutr Res. 2013; 33(12): 1012-1018. doi: 
10.1016/j.nutres.2013.08.010

26. Pan A, Sun Q, Manson JE, Willett WC, Hu FB. Walnut con-
sumption is associated with lower risk of  Type 2 diabetes in wom-
en. J Nutr. 2013; 143(4): 512-518. doi: 10.3945/jn.112.172171

27. Tapsell LC, Batterham MJ, Teuss G, et al. Long-term effects 
of  increased dietary polyunsaturated fat from walnuts on meta-
bolic parameters in type II diabetes. Eur J Clin Nutr. 2009; 63(8): 
1008-1015. doi: 10.1038/ejcn.2009.19

28. Njike VY, Yarandi N, Petraro P, Ayettey RG, Treu JA, Katz 
DL. Inclusion of  walnut in the diets of  adults at risk for type 2 
diabetes and their dietary pattern changes: A randomized, con-
trolled, cross-over trial. BMJ Open Diabetes Res Care. 2016; 4(1): 
e000293. doi: 10.1136/bmjdrc-2016-000293

39Original Research | Volume 6 | Number 1|

http://dx.doi.org/10.17140/AFTNSOJ-6-166
https://doi.org/10.1080/10942912.2015.1114951
https://doi.org/10.1016/j.phrs.2017.12.003
https://doi.org/10.1016/j.foodchem.2018.08.064
https://doi.org/10.3732/ajb.0900114
https://fdc.nal.usda.gov/
https://www.foodstandards.gov.au/science/monitoringnutrients/afcd/Pages/default.aspx
https://www.foodstandards.gov.au/science/monitoringnutrients/afcd/Pages/default.aspx
https://www.foodcomposition.co.nz/search
https://doi.org/10.1016/S2095-4964%2816%2960274-1
https://doi.org/10.15835/nbha4219426
https://doi.org/10.1016/j.foodchem.2018.12.016
https://doi.org/10.1017/S0954422414000079
https://doi.org/10.1080/07315724.2012.10720468
https://doi.org/10.1016/j.clnesp.2018.07.009
https://doi.org/10.1097/MCO.0000000000000508
https://doi.org/10.1017/S0007114517001957
https://doi.org/10.1111/jhn.12146
https://doi.org/10.1002/dmrr.3031
https://doi.org/10.1038/oby.2009.409
https://doi.org/10.1016/j.nutres.2013.08.010
https://doi.org/10.3945/jn.112.172171
https://doi.org/10.1038/ejcn.2009.19
https://doi.org/10.1136/bmjdrc-2016-000293


 Adv Food Technol Nutr Sci Open J. 2020; 6(1): 29-41. doi: 10.17140/AFTNSOJ-6-166

Lister CE et al

29. Rock CL, Flatt SW, Barkai HS, Pakiz B, Heath DD. Walnut 
consumption in a weight reduction intervention: effects on body 
weight, biological measures, blood pressure and satiety. Nutr J. 
2017; 16: 76. doi: 10.1186/s12937-017-0304-z

30. Pribis P. Effects of  walnut consumption on mood in young 
adults-a randomized controlled trial. Nutrients. 2016; 8(11): 668.
doi: 10.3390/nu8110668

31. Valls-Pedret C, Lamuela-Raventos RM, Medina-Remon A, 
Quintana M, Corella D, Pintó X, et al. Polyphenol-rich foods in 
the mediterranean diet are associated with better cognitive func-
tion in elderly subjects at high cardiovascular risk. J Alzheimers Dis. 
2012; 29(4): 773-782. doi: 10.3233/JAD-2012-111799

32. Sala-Vila A, Valls-Pedret C, Rajaram S, Coll-Padrós N, Cofán 
M, Serra-Mir M, et al. Effect of  a 2-year diet intervention with 
walnuts on cognitive decline. The Walnuts And Healthy Aging 
(WAHA) study: a randomized controlled trial. Am J Clin Nutr. 
2020; 7. pii: nqz328. doi: 10.1093/ajcn/nqz328

33. Willis LM, Shukitt-Hale B, Cheng V, Joseph JA. Dose-de-
pendent effects of  walnuts on motor and cognitive function 
in aged rats. Br J Nutr. 2009; 101(8): 1140-1144. doi: 10.1017/
S0007114508059369

34. Willis LM, Bielinski DF, Fisher DR, Matthan NR, Joseph JA. 
Walnut extract inhibits LPS-induced activation of  Bv-2 microglia 
via internalization of  TLR4: Possible involvement of  phospholi-
pase D2. Inflammation. 2010; 33(5): 325-333. doi: 10.1007/s10753-
010-9189-0

35. Poulose SM, Miller MG, Shukitt-Hale B. Role of  walnuts in 
maintaining brain health with age. J Nutr. 2014; 144(4): 561S-566S. 
doi: 10.3945/jn.113.184838

36. Haider S, Batool Z, Tabassum S, Perveen T, Saleem S, Naqvi 
F, et al. Effects of  walnuts (Juglans regia) on learning and mem-
ory functions. Plant Food Hum Nutr. 2011; 66(4): 335-340. doi: 
10.1007/s11130-011-0260-2

37. Asadi-Shekaari M, Karimi A, Shabani M, Sheibani V, Esmaeil-
pour K. Maternal feeding with walnuts (Juglans regia) improves 
learning and memory in their adult pups. Avicenna J Phytomed. 
2013; 3(4): 341-346. doi: 10.22038/AJP.2013.575

38. Jahanban-Esfahlan A, Ostadrahimi A, Tabibiazar M, Ama-
rowicz R. A comparative review on the extraction, antioxidant 
content and antioxidant potential of  different parts of  walnut 
(Juglansregia L.) fruit and tree. Molecules. 2019; 24(11): 2133. doi: 
10.3390/molecules24112133

39. Cunningham E. What has happened to the ORAC database? J 
Acad Nutr Diet. 2013. 113(5): 740. doi: 10.1016/j.jand.2013.03.007

40. McKay DL, Chen CYO, Yeum KJ, Matthan NR, Lichtenstein 
AH, Blumberg JB. Chronic and acute effects of  walnuts on anti-
oxidant capacity and nutritional status in humans: A randomized, 

cross-over pilot study. Nutr J. 2010; 9: 21. doi: 10.1186/1475-
2891-9-21

41. Berryman CE, Grieger JA, West SG, Chen C-YO, Blumberg 
JB, Rothblat GH, et al. Acute consumption of  walnuts and walnut 
components differentially affect postprandial lipemia, endothelial 
function, oxidative stress, and cholesterol efflux in humans with 
mild hypercholesterolemia. J Nutr. 2013; 143(6): 788-794. doi: 
10.3945/jn.112.170993

42. Haddad EH, Gaban-Chong N, Oda K, Sabate J. Effect of  a 
walnut meal on postprandial oxidative stress and antioxidants in 
healthy individuals. Nutr J. 2014; 13: 4. doi: 10.1186/1475-2891-
13-4

43. Hardman WE, Primerano DA, Legenza MT, Morgan J, Fan 
J, Denvir J. Dietary walnut altered gene expressions related to tu-
mor growth, survival, and metastasis in breast cancer patients: 
A pilot clinical trial. Nutr Res. 2019; 66: 82-94. doi: 10.1016/j.
nutres.2019.03.004

44. Spaccarotella KJ, Kris-Etherton PM, Stone WL, Bagshaw 
DM, Fishell VK, West SG, et al. The effect of  walnut intake on 
factors related to prostate and vascular health in older men. Nutr 
J. 2008; 7: 13. doi: 10.1186/1475-2891-7-13

45. Damasceno NRT, Perez-Heras A, Serra M, Cofán M, Sala-Vi-
la A, Salas-Salvadó J, et al. Crossover study of  diets enriched with 
virgin olive oil, walnuts or almonds. Effects on lipids and other 
cardiovascular risk markers. Nutr Metab Cardiovasc Dis. 2011; 21: 
S14-S20. doi: 10.1016/j.numecd.2010.12.006

46. Domenech M, Serra-Mir M, Roth I, Freitas-Simoes T, Valls-Pe-
dret C, Cofán M, et al. Effect of  a walnut diet on office and 24-
hour ambulatory blood pressure in elderly individuals findings 
from the WAHA randomized trial. Hypertension. 2019; 73(5): 1049-
1057. doi: 10.1161/HYPERTENSIONAHA.118.12766

47. Ma YY, Njike VY, Millet J, Dutta S, Doughty K, Treu JA, et al. 
Effects of  walnut consumption on endothelial function in Type 2 
diabetic subjects - A randomized controlled crossover trial. Diabe-
tes Care. 2010; 33(2): 227-232. doi: 10.2337/dc09-1156

48. Torabian S, Haddad E, Cordero-MacIntyre Z, Tanzman J, 
Fernandez ML, Sabate J. Long-term walnut supplementation 
without dietary advice induces favorable serum lipid changes in 
free-living individuals. Eur J Clin Nutr. 2010; 64(3): 274-279. doi: 
10.1038/ejcn.2009.152

49. Hwang HJ, Liu Y, Kim HS, Lee H, Lim Y, Park H. Daily 
walnut intake improves metabolic syndrome status and increas-
es circulating adiponectin levels: Randomized controlled cross-
over trial. Nutr Res Pract. 2019; 13(2): 105-114. doi: 10.4162/
nrp.2019.13.2.105

50. China Nutrition Society. China DRIs Handbook 2013. Beijing, 
China: China Standard Press; 2014.

40 Original Research | Volume 6 | Number 1|

http://dx.doi.org/10.17140/AFTNSOJ-6-166
https://doi.org/10.1186/s12937-017-0304-z
https://doi.org/10.3390/nu8110668
https://doi.org/10.3233/JAD-2012-111799
https://doi.org/10.1093/ajcn/nqz328
https://doi.org/10.1017/S0007114508059369
https://doi.org/10.1017/S0007114508059369
https://doi.org/10.1007/s10753-010-9189-0
https://doi.org/10.1007/s10753-010-9189-0
https://doi.org/10.3945/jn.113.184838
https://doi.org/10.1007/s11130-011-0260-2
https://doi.org/10.22038/AJP.2013.575
https://doi.org/10.3390/molecules24112133
https://doi.org/10.1016/j.jand.2013.03.007
https://doi.org/10.1186/1475-2891-9-21
https://doi.org/10.1186/1475-2891-9-21
https://doi.org/10.3945/jn.112.170993
https://doi.org/10.1186/1475-2891-13-4
https://doi.org/10.1186/1475-2891-13-4
https://doi.org/10.1016/j.nutres.2019.03.004
https://doi.org/10.1016/j.nutres.2019.03.004
https://doi.org/10.1186/1475-2891-7-13
https://doi.org/10.1016/j.numecd.2010.12.006
https://doi.org/10.1161/HYPERTENSIONAHA.118.12766
https://doi.org/10.2337/dc09-1156
https://doi.org/10.1038/ejcn.2009.152
https://doi.org/10.4162/nrp.2019.13.2.105
https://doi.org/10.4162/nrp.2019.13.2.105


 Adv Food Technol Nutr Sci Open J. 2020; 6(1): 29-41. doi: 10.17140/AFTNSOJ-6-166

Lister CE et al

51. Reiter RJ, Manchester LC, Tan DX. Melatonin in walnuts: in-
fluence on levels of  melatonin and total antioxidant capacity of  
blood. Nutr. 2005; 21(9): 920-924. doi: 10.1016/j.nut.2005.02.005

52. Feldman JM, Lee EM. Serotonin content of  foods - effect on 
urinary-excretion of  5-hydroxyindoleacetic acid. Am J Clin Nutr. 
1985; 42(4): 639-643. doi: 10.1093/ajcn/42.4.639

53. Tapia MI, Sanchez-Morgado JR, Garcia-Parra J, Ramirez R, 
Hernandez T, Gonzalez-Gomez D. Comparative study of  the 
nutritional and bioactive compounds content of  four walnut (Jug-
lansregia L.) cultivars. J Food Compos Anal. 2013; 31(2): 232-237. 
doi: 10.1016/j.jfca.2013.06.004

54. Xiao L-J, Ma T, Ning D-L. Analysis on the climatic factors 
of  the main producing areas of  Juglanssigillata in Yunnan prov-
ince. J Guangdong Agric Sci. 2013, 40(09): 29-31. doi: 10.22004/
ag.econ.161943

55. Zhang M, He X-C, Xiao X, et al. Metallogenic characteristics 
of  ion-adsorption type REE resource in the middle section of  
Lincang granite, Yunnan Province. Geology in China. 2020; 1-21. 

56. Dong C-F, Hu W, Yang Z, et al. The feature and tectonic 

environment of  late t intrusion rock in lincang granite batholite.
Yunnan Geology. 2017; 36(02): 154-160.

57. US FDA. Qualified Health Claims: Letter of  Enforcement 
Discretion - Walnuts and Coronary Heart Disease (Docket No 
02P-0292) Web site. https://www.fda.gov/food/food-labe-
ling-nutrition/qualified-health-claims-letters-enforcement-dis-
cretion. Accessed October 22, 2019.

58. EFSA Panel on Dietetic Products, Nutrition and Allergies 
(NDA). Scientific Opinion on the substantiation of  health claims 
related to walnuts and maintenance of  normal blood LDL-cho-
lesterol concentrations (ID 1156, 1158) and improvement of  en-
dothelium-dependent vasodilation (ID 1155, 1157) pursuant to 
Article 13(1) of  Regulation (EC) No 1924/2006. EFSA J. 2011; 
9(4): 2074. doi: 10.2903/j.efsa.2011.2074

59. EFSA Panel on Dietetic Products, Nutrition and Allergies 
(NDA). Scientific Opinion on the substantiation of  health claims 
related to nuts and essential fatty acids (omega-3/omega-6) in nut 
oil (ID 741, 1129, 1130, 1305, 1407) pursuant to Article 13(1) of  
Regulation (EC) No 1924/2006. EFSA J. 2011; 9(4): 2032. doi: 
10.2903/j.efsa.2011.2032

Submit your article to this journal | https://openventio.org/submit-manuscript/

41Original Research | Volume 6 | Number 1|

http://dx.doi.org/10.17140/AFTNSOJ-6-166
https://doi.org/10.1016/j.nut.2005.02.005
https://doi.org/10.1093/ajcn/42.4.639
https://doi.org/10.1016/j.jfca.2013.06.004
https://doi.org/10.22004/ag.econ.161943
https://doi.org/10.22004/ag.econ.161943
https://www.fda.gov/food/food-labeling-nutrition/qualified-health-claims-letters-enforcement-discretion
https://www.fda.gov/food/food-labeling-nutrition/qualified-health-claims-letters-enforcement-discretion
https://www.fda.gov/food/food-labeling-nutrition/qualified-health-claims-letters-enforcement-discretion
https://doi.org/10.2903/j.efsa.2011.2074
https://doi.org/10.2903/j.efsa.2011.2032


ADVANCES IN

FOOD TECHNOLOGY AND NUTRITIONAL SCIENCES
PUBLISHERS

ISSN 2377-8350

Open Journal

Determination of Aflatoxin in Maize Produced in Two
Regions of Togo
Dédé E. Baglo, MD1*#; Abdoulaye Faye, PhD2*#; Mamadou Fall, PhD1*#

 

#Equal Contribution 

1Toxicology and Hydrology Laboratory, Pharmacy and Ontology, Cheikh Anta Diop University, Dakar 12500, Sénégal
2Phytopathology and Weed Science Laboratory, Plant Protection Direction, Dakar 12500, Sénégal

Original Research 

Article information
Received: January 21st, 2020; Revised: April 20th, 2020 Accepted: May 14th, 2020; Published: June 2nd, 2020

Cite this article
Baglo DE, Faye A, Fall M. Determination of aflatoxin in maize produced in two regions of Togo. Adv Food Technol Nutr Sci Open J. 2020; 6(1): 42-46.
doi: 10.17140/AFTNSOJ-6-167

ABSTRACT

Original Research | Volume 6 | Number 1| 42

    Copyright 2020 by Baglo DE et al. This is an open-access article distributed under Creative Commons Attribution 4.0 International License (CC BY 4.0), 
which allows to copy, redistribute, remix, transform, and reproduce in any medium or format, even commercially, provided the original work is properly cited.
cc

Objective 
Some species of  fungi produce toxins that can contaminate many food products. For example, toxigenic strains of  the Ascomy-
cetes Aspergillus flavus and Aspergillus parasiticus are responsible for the secretion of  aflatoxin in maize. In this work, we proposed 
to study the aflatoxin contamination of  maize produced in two regions of  Togo (region Maritime and region des Plateaux) and 
intended for human consumption.
Materials and Methods
For this purpose, 50 maize samples (25 from each of  the two regions) were randomly collected in Togo and subjected to AflaTest 
analysis, using a VICAM.
Results
Our results showed that all 50 maize samples tested were contaminated with aflatoxin. However, maize from region des Plateaux 
showed a higher-level of  contamination with aflatoxin levels ranging from 0.17 to 1600 ppb, compared to 1.4 to 450 ppb for region 
Maritime.
Conclusion
Such levels often far exceed established reference standards, raising the crucial issue of  the consumption habits of  exposed popu-
lations in relation to food safety.
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INTRODUCTION 

Maize is the third most important cereal grown in the world 
after wheat and rice. In several countries of  West and Cen-

tral Africa, it is the most cultivated cereal and one of  the most 
consumed, particularly in the countries of  the Gulf  of  Guinea.1 In 
Togo, maize is a staple food and its production represents at least 
50% of  that of  all cereals (sorghum, rice and millet). The seed is 

http://dx.doi.org/10.17140/AFTNSOJ-6-167
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eaten directly as immature cobs that are roasted, boiled, or pro-
cessed into flour and semolina.2

 The food use of  maize is developed in both rural and 
urban areas of  Togo, mainly due to the availability of  the product 
in various forms and to the fact that people have been eating habits 
for decades.2

 However, like other crops, maize is exposed to several 
fungal pathogens, including Ascomycetes of  the genus Aspergil-
lus, during cultivation and storage. The aflatoxins secreted by the 
toxigenic strains of  the flavi section are, indeed, formidable myco-
toxins that can contaminate maize seeds, altering their physical, nu-
tritional and organoleptic quality.3 These mycotoxins are secondary 
metabolites that have been shown to be harmful to human and 
animal health.4

 Of  all the aflatoxins produced in nature (B1, B2, G1, 
G2), aflatoxin B1 (AFB1) is the most common in food and has 
the most potent genotoxic and carcinogenic properties (European 
Food Safety Authority (EFSA)).5 Initial observations have shown 
that, at high concentrations, these aflatoxins are violent poisons, 
and when administered in small doses to laboratory animals, they 
produce liver cancer.6 More recent studies have confirmed that 
they can also cause respiratory tract cancer,7 Kwashiorkor8-10 and 
stunted growth especially in countries where malnutrition is preva-
lent.11

 Togo, like other countries in the West African sub-region, 
does not have its own phytosanitary legislation in relation to ac-
ceptable levels of  aflatoxin in foodstuffs. The country is in fact 
subject to the standards of  the Codex Alimentarius which postu-
lates a threshold of  acceptability of  10 µg/kg for maize.

 This study was conducted with the objective of  assessing 
the levels of  aflatoxin contamination of  maize produced in the two 
regions (region Maritime and regions des Plateaux) and sold in the 
markets, in order to compare them with reference standards of  the 
European Union, the Codex Alimentarius and the United States of  
America which are respectively 4 µg/kg, 10 µg/kg and 20 µg/kg.

MATERIALS AND METHODS 

Study Site

Our maize sampling campaign took place from July 20 to August 
31, 2018. It took place in two regions in the south of  the country, 
region Maritime and region des Plateaux. Previous studies have 
shown that these two regions have the largest maize fields and 
serve the rest of  the country with this cereal.2

Sampling

In order to obtain a representative sample, we conducted a basic 
random survey. We went to each of  the subdivisions of  the two 
regions and then we targeted the market days of  the main towns 
that welcome the saleswomen from the surrounding villages. We 

then proceeded to sample 750 g to 1 kg of  maize from several 
saleswomen. In each region a total of  25 samples were taken. 
Each sample was placed in a paper bag. A code indicating the 
coordinates of  the sample was stuck on every sample.

 Saleswomen were interviewed during the survey and 
general information such as storage methods of  the harvested 
products was collected. On the field we found that the bags were 
overlayed horizontally on the ground before being covered by 
tarpaulins at nightfall. The biggest saleswomen had stores where 
they stored the bags of  maize in rooms without ventilation where 
there was a lot of  humidity and heat. All of  the women surveyed 
said that they do not use any products to preserve their grain.

Dosage of Aflatoxin with VICAM

The VICAM method was used for the analysis. A 50 g sub-sample 
of  each finely ground corn sample was placed in one with an 
Erlenmeyer flask, 5 g of  industrial salt (NaCl) added to facilitate 
filtration and 100 ml of  80% methanol. The flask closed with a 
parafilm is placed for 30-minutes on an agitatorat 250 rpm to ob-
tain a homogeneous mixture and release the aflatoxin molecules 
contained in the maize. The mixture is filtered twice. Firstly using 
filter paper with a mesh size of  0.5 µm, then using 0.22 µm mesh 
paper to be able to retain the finer residues.

 After filtration the purification was carried out by pass-
ing through an immunoaffinity column. The separation of  afla-
toxin from the filtrate is based on the antigen-antibody reaction 
for the selective purification of  mycotoxins from food extracts. 
The principle is that the analyte present in the sample is retained 
by a specific antibody attached to the stationary phase of  the col-
umn. Interfering compounds not recognized by the antibody are 
not retained. Purification consists of  pouring 2 ml of  the solu-
tion into a syringe connected to a VICAM (AflaTest) test column. 
These columns allow the binding of  aflatoxin molecules by anti-
bodies located on the stationary phase and the release of  impuri-
ties. The system is rinsed with 5 ml of  distilled water. The release 
of  the analyte during the elution phase is achieved by breaking 
the bonds with the antibody. After the fixation phase 1 ml of  
100% methanol is added to the syringe for elution. The eluate is 
collected in a microtube.

 Detection and quantification is done by adding 1ml of  
developer (whose composition is not given by the manufacturer) 
to the purified sample to increase the fluorescence of  the aflatox-
in molecules. The solution is then subjected to electrical agitation. 
The tube is cleaned to remove any residue from the surrounding 
area and inserted into the VICAM fluorometer to take a reading 
to determine the concentration of  aflatoxin in µg/kg.

Data Analysis 

The results obtained were exploited using a dynamic cross-tabula-
tion of  an Excel sheet.
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RESULTS

All samples taken in Region Maritime tested positive for aflatoxin 
with a maximum level of  450 µg/kg and a minimum level of  1.4 
µg/kg.

 In the second region (Region des Plateaux), there was 
100% aflatoxin contamination of  the samples. The maximum level 
noted is 1600 µg/kg and the minimum is 0.17 µg/kg.

DISCUSSION

Our study is a preliminary work whose objective was to measure 
the total aflatoxins contained in the maize produced in Togo and 
consumed by millions of  Togolese.

 Assay results showed a wide variability in aflatoxin levels 
ranging from a minimum of  0.17 ppb to a maximum of  1600 ppb 
(Figure 1). The grades obtained were very high for many samples 
and some even exceeded our expectations, especially sample 25 
from Region des Plateaux with a contamination peak of  1600 µg/
kg. Samples from Region des Plateaux show higher contamina-
tion with a median of  25 µg/kg compared to a median of  9.2 
µg/kg in Region Maritime. This is not surprising considering the 
fact that corn has, by far, the highest reported levels of  aflatoxin 
compared to rice, which has lower levels of  contamination.12 

 These results are not consistent with those of  Diedhiou 
et al13 during his study on Aspergillus colonization and aflatoxin 
contamination of  maize grains in two agro-ecological zones of  
Senegal, namely the groundnut basin and the eastern Senegal-
Casamance zone. During the study they analyzed 25 corn samples. 
Aflatoxin levels in samples from the East Senegal-Casamance 
zone ranged from 0 to 1.7 µg/kg. Samples from the groundnut 
basin had slightly higher levels with an average of  15.9 µg/kg.

 The origin of  these high-levels could be multiple. It 
could be due to seed contaminated with Aspergillus flavus and 

Aspergillus parasiticus, humid and hot climate, contaminated soil 
prior to cultivation, poor storage and/or warehousing conditions 
leading to mould growth following aflatoxin biosynthesis, or for 
unknown reasons.

 The field observations allowed us to identify poor stor-
age conditions for the grain. Indeed, bags of  maize are often 
stored in the open air covered by a tarpaulin at nightfall, or in 
stores where it is excessively hot because there is no ventilation. 
All of  the women surveyed revealed that they do not use any 
products to preserve the cereal, to control any mould infestation 
nor to control insects. The lack of  means of  prevention makes 
the cereal even more vulnerable and more exposed to any aspara-
gus contamination. These poor storage conditions found in the 
field are probable sources of  proliferation of  the contaminant.

 The very high-levels obtained allow us to deduce the 
health danger to which the Togolese population is exposed con-
sidering the risks posed by the repeated ingestion of  highly con-
taminated products. Several studies have demonstrated carcino-
genicity, and all other damage caused by ingestion or inhalation 
of  aflatoxin molecules.7-16 We can add to that, the stability of  the 
toxin up to temperatures around 300 °C, which are not reached 
with our cooking methods.17 

 The first victims are the children because they consume 
corn very early. In Togo, post-weaning meals are essentially made 
up of  maize-meal-based porridges. This confirms the results of  
Egal et al18 which showed that exposure of  children (9-months 
to 5-years) to aflatoxin in Togo was linked to high maize con-
sumption. This exposure may cause stunted growth and kwashi-
orkor.8-10

 The results obtained on the distribution of  aflatoxin 
content in each region showed that very few samples are con-
formed to the different standards mentioned above which are 4 
ppb for the European Union, 10 ppb for the Codex Alimentarius 
and 20 ppb for the United States of  America (Figure 2). Togo, 
therefore, seems ineligible on the international market, since the 
level of  contamination of  these cereals does not allow it to trade 
with the member states of  these various institutions.

Figure 1. Aflatoxin Assay Results for the Maize Samples Studied

Figure 2. Percentage of Aflatoxin Content of Corn Samples in Relation to Some Regulatory 
Aflatoxin Standards
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 The high presence of  aflatoxinin maize samples from 
these two regions is a real public health issue in relation to the ex-
posure of  Togolese populations. In addition to this, the frequency 
and quantity of  maize consumption in Togo is also high, as it 
should be remembered that the production areas are also areas of  
high food consumption in relation to the ethnic composition and 
eating habits.

 The establishment of  consumer protection standards 
will take into account the level of  contamination of  aflatoxin-
carrying products and the frequency of  their consumption. In 
fact, the standards are function of  the frequency of  consump-
tion of  food likely to be contaminated. In Togo, given to the 
frequency of  consumption of  maize and other products likely to 
be contaminated, the standard should be lower than that of  the 
European Union. This makes the results of  our study even more 
alarming. Togo should then have its own standards.

CONCLUSION

Our study showed a high-level of  aflatoxin contamination in 
corn. This contamination is due to the presence of  fungi of  the 
genus Aspergillus from the Flavisection such as Aspergillus flavus 
and Aspergillus parasiticus. Samples from Region des Plateaux were 
the most contaminated and their levels were well above the inter-
national standards with which they were compared. This shows 
the health danger to which Togolese consumers are exposed. Be-
cause of  the high consumption of  this cereal, it is then imperative 
to establish institutions to monitor the maize and its derivatives 
injected into the market in order to preserve the health of  the 
population.
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