I
S
S
N23778350

ADVANCESI
N

FOODTECHNOLOGY
AND

NUTRI
TI
ONALS
CI
ENCES
Ope
nJ
our
na
l
J
une
,2020IVo
l
ume6,I
s
s
ue1

E
d
i
t
o
r
i
n
C
h
i
e
f
Ge
o
r
g
eF.
Gr
a
n
t
,
Ph
D
A
s
s
o
c
i
a
t
eE
d
i
t
o
r
s
Ch
e
r
y
l
Re
i
f
e
r
,
Ph
D,
RD,
LD
De
e
p
t
i
Da
b
a
s
,
Ph
D
Fa
r
o
u
kM.
F.
El
S
a
b
b
a
n
,
Ph
D

www.
o
p
e
n
v
e
n
t
i
o
.
o
r
g

Co
p
y
r
i
g
h
t
i
n
f
o
r
ma
t
i
o
n
.
Ope
nv
e
nt
i
oPubl
i
s
he
r
si
sl
i
c
e
ns
e
dunde
raCr
e
a
t
i
v
eCo
mmo
nsAt
t
r
i
but
i
o
n4.
0I
nt
e
r
na
t
i
o
na
l
Li
c
e
ns
e
.
Al
l
t
hea
r
t
i
c
l
e
spubl
i
s
he
dunde
rt
hi
s
l
i
c
e
ns
ea
r
eo
pe
na
c
c
e
s
s
,
whi
c
ha
l
l
o
wst
oc
o
py
,
r
e
di
s
t
r
i
but
e
,
r
e
mi
x,
t
r
a
ns
f
o
r
m,
a
ndr
e
pr
o
duc
ei
na
nyme
di
umo
rf
o
r
ma
t
,
pr
o
v
i
de
dt
heo
r
i
g
i
na
l
wo
r
ki
spr
o
pe
r
l
yc
i
t
e
d.

ISSN 2377-8350

ADVANCES IN

FOOD TECHNOLOGY AND NUTRITIONAL SCIENCES
Open Journal

PUBLISHERS

CONTENTS

Review
1. Lycopene: Implications for Human Health–A Review

1-12

– Lynda M. Doyle*

Review
2. Reproductive Biotechnology Options for Improving Livestock
Production: A Review

13-20

– Atsbha Hadgu and Haben Fesseha*

Original Research
3. Development of Eggless Cake Using Grass Carp
(Ctenopharyngodon idella) Protein Concentrate and its Quality Attributes

21-28

– Sohail Khan, Qayyum Shehzad, Ahmad Ali, Abdur Rehman, Haroon Shah, Fang Yang,
Salman Khan and Wenshui Xia*

Original Research
4. The Nutritional Composition and Health Benefits of Lincang Walnuts

29-41

– Carolyn E. Lister*, Yi Xiao, Jianrong Yang, Janine M. Cooney, Dwayne J. Jensen, Yongfeng Tang,
Fengrui Xie, Lijing Chen, Xuejiang Tie and Hongxing Tian

Original Research
5. Determination of Aflatoxin in Maize Produced in Two Regions of Togo
– Dédé E. Baglo*, Abdoulaye Faye* and Mamadou Fall*

Volume 6 | Number 1

42-46

ISSN 2377-8350

ADVANCES IN

FOOD TECHNOLOGY AND NUTRITIONAL SCIENCES
Open Journal

PUBLISHERS

Review

Lycopene: Implications for Human Health–A Review
Lynda M. Doyle, MS, MBA*
Human Nutrition, Avant Nutrition, LLC, Rockaway, NJ 07866, USA
Corresponding author
Lynda M. Doyle, MS, MBA

*

President and CEO, Human Nutrition, Avant Nutrition, LLC, Rockaway, NJ 07866, USA; E-mail: lyndamdoyle@gmail.com

Article information
Received: November 20th, 2019; Revised: December 30th, 2019; Accepted: January 6th, 2020; Published: January 21st, 2020

Cite this article
Doyle LM. Lycopene: Implications for human health–A review. Adv Food Technol Nutr Sci Open J. 2020; 6(1): 1-12. doi: 10.17140/AFTNSOJ-6-163

ABSTRACT

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.
Keywords

Lycopene; Carotenoids; Cardiovascular disease (CVD); Human health.

INTRODUCTION

C

arotenoids are naturally occurring, generally fat-soluble pigments synthesized by plants, algae, and photosynthetic bacteria. Over 750 carotenoids are found in nature1 and 1,117 are
catalogued in the Carotenoids Database.2 Carotenoids are responsible 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, lutein, and zeaxanthin). Lycopene contains 11 conjugated and 2 unconjugated 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 watermelons. The highest natural concentration is found in gac fruit,
from a tropical vine in Southeast Asia.4 Tomatoes and tomatobased 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 consumption 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 micelles 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-density lipoprotein fractions of serum due to its lipophilic nature.6,16
Lycopene is found in most human tissues with preferential accumulation in the testes, adrenal glands, liver and prostate.15,17
Major health problems nowadays deal with the accumulation of reactive oxygen species (ROS) accompanied with abnormalities, 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 reactive, unstable molecules that contain oxygen, and a build-up of
these may cause damage to deoxyribonucleic acid (DNA), ribonucleic 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 associated 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 consumption 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 supplementation (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 Circulating 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 elevated 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 intercellular communication modulation and the alteration of intracellular signaling pathways,14 which include an upregulation in intercellular 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 proliferation 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 IGF1R.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 oxidative 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

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)

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)

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

Tripathy A et al.57

Xu Q et al.

2

Lycopene Dose

35
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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 peroxidation.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 Durairajanayagam et al concluded that daily 4-8 mg lycopene supplementation
for 3-12-months is sufficient to treat male infertility.48,59,60 Supplementation of 20 mg/d lycopene for 3-months prior to in vitro
fertilization (IVF) treatment resulted in 7 spontaneous pregnancies prior to treatment and 15 pregnancies post treatment and a
significant improvement in docosahexaenoic acid (DHA)/arachidonic acid (AA) ratio in seminal plasma.63 Twenty-five lycopene
supplementation over 12-weeks in infertile men resulted in a significant increase in sperm count and concentration and a significant 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 vessels 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 reported in hypertension, myocardial infarction, stroke, and atherosclerosis,68,69 dietary intake and high serum concentration of lycopene 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, especially 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 serum lycopene concentration75-77 and reduce oxidative stress markers and improve antioxidant status.78-82
Anti-inflammatory mechanisms of lycopene include
the decrease of adhesion molecules and pro-inflammatory cytokines, inhibition of leukocyte migration and genes involved in
inflammation, impaired monocyte-endothelium interaction, Tlymphocytes activation, synthesis of advanced glycation products
(AGE) and their receptors (RAGE), and down-regulation of cyclooxygenase 2.83 Lycopene inhibited the expression of ICAM-1,
TNF-α induced NFkB activation and interaction between monocytes and endothelial cells.84 Serum lycopene was inversely associated 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 lycosomeformulated 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

C57/BL6J mice

50 mg/kg, 5-weeks

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

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)

Zeng J et al.

23

Zheng Z et al. 78
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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

pared to lutein alone (Table 2).107

Lycopene improves endothelial function by increasing
the bioavailability of nitric oxide (NO), improving endotheliumdependent vasodilation, reducing protein, lipids, DNA and mitochondrial damage and increasing antioxidant potential.81,83,86,90-94
Lycopene supplementation reduced DNA damage,93 up-regulated mitochondrial gene expression89 and reduced mitochondrial
oxidation.23 Foot-and-mouth disease (FMD) was significantly increased by 1.1 points (10.9%) with 4-weeks lycopene supplementation 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

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, oxidative stress and inflammation.108,110,111 Global and US prevalence of
NAFLD are both estimated at 24%.112

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 cholesterol, 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 decrease in TG in lycopene supplemented hamsters100 and a reduction 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-

LIVER HEALTH

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 prospective study of Chinese adults aged 40-75-years, higher serum carotenoid 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 studied carotenoids regarding NAFLD117 due to multiple mechanisms
beyond its antioxidant capacity, such as regulation of gene expression and gap junctions, antiproliferative capacity, lipid peroxidation 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 protection.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

4

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
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chrome P450 2E1, inflammatory foci, and mRNA expression
of proinflammatory cytokines (TNF-α, IL-1β, and IL-12).123 Lycopene altered the down regulation of the expression of messenger 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 degeneration and necrosis, and lipid peroxidation, inhibited DNA fragmentation 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 ameliorated 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 redox imbalance, increased antioxidant enzymes, and decreased inflammation, 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 approximately 15% of total body weight. The skin protects against external physical, chemical, and biological assailants, prevents excess
water loss from the body, and regulates body temperature.134 Photoaging is a result of chronic DNA photo damage, lipid peroxidation, and protein cross-linking from ultraviolet (UV)-generated
ROS, which leads to premature wrinkling and pigmentary changes, 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 concentration.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 concentration,75,76 and a correlation between lycopene skin and plasma 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 between 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, orlycopene 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 resulted after 10 weeks daily consumption of 40 g tomato paste, equivalent to 16 mg lycopene.145 Twelve weeks daily supplementation
of 8 mg each of lycopene, lutein and β-caroteneameliorates UVinduced erythema.147 An increase in MED and reduction in UVinduced erythema was observed after 7-weeks daily supplementation 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 increased 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

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-enriched 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

Grether-Beck S
et al.152
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Supplementation with lycopene-rich TNC and lutein-containing 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 protected against upregulation of proinflammatory cytokines.77 Supplementation 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. Aging 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 metabolism 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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ABSTRACT

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, preventing disease, facilitate transportation, keeping endangered animals and reducing economic loss. Artificial insemination in animals 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.
INTRODUCTION

K

eeping livestock is an important risk reduction strategy for
vulnerable communities, and livestock are important providers of nutrients and traction for growing crops in smallholder systems.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 worldwide, but there are large differences between developed and developing 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 remarkable advancement that has been made in the field of reproductive physiology in recent years, infertility due to low conception

cc
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rate and high embryonic mortality rate remains a major problem.4

ficiency and rates of genetic improvement.1,14

To meet future needs and to be able to sustain agricultural 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 offspring from genetically superior animals or obtain offspring from
infertile (or subfertile) animals in addition to disease control.6,7

THE FIRST THREE GENERATION OF REPRODUCTIVE
BIOTECHNOLOGIES

Reproductive biotechnologies intend to be used routinely
to shorten generational intervals and to propagate genetic material
among breeding animal populations. To achieve this goal, reproductive technologies have been developed in generations over the
years, namely artificial insemination (AI), embryo transfer (ET),
manipulation of fertilization in vitro (IVF), cloning and transgenesis.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 commercialization.9 Hence, this review paper highlighted the reproductive biotechnology options and their roles in the improvement of
livestock production.

Artificial Insemination

ROLES OF REPRODUCTIVE BIOTECHNOLOGY IN ANIMAL
PRODUCTION

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 insemination and estrous synchronization.15,16

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 intercourse 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

Biotechnology is defined as a technique that uses living organisms 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

The timing of insemination is important as it can affect 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

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 phenomenon both in vitro and in vivo to improve reproductive performance in various domestic species of livestock.12

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 electroejaculation collection has been successful and complete. Initial assessments require live sperm motility and should be done as quickly
as possible after collection.22

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 synchronization 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, superovulation, ET and in vitro embryo production are additional techniques that can improve reproductive efficiency and pregnancy
rates. Reproductive technologies can also be used to control reproductive diseases if procedures and protocols are accurately
followed. The main objectives of using reproductive biotechnologies in livestock are to increase production, reproductive ef14

Techniques and application of artificial insemination: Semen is

Vaginal insemination the simplest method that could
result in the lowest conception rate. The best method is inseminated 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 manipulating 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 advantages over natural service, of these, the reason most commonly advocated 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 biotechnology, 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 improve breeding that increases milk yield which is not accompanied 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 intensity 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 synchronization 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 process 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 luteolytic agent (prostaglandin) that induces luteolysis of corpus luteum (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 lengthening 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
Figure 1. Superovulation Schedule Using CIDRs and GnRH. PGF2α, Prostaglandin

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 insemination.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 commonly 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, horses, goats, and sheep.34,35
Embryo transfer is very expensive and many of the basic 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, increments.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 superiority 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

Adapted from Phillips PE39

Role of Estrus synchronization: The synchronization program is

one of the strategies for improving pregnancy rates in the modern beef and dairy industry that improves reproductive performance. This method provides breed with a high percentage of
the females in a given group of heifers or cows in a short period of time, using either artificial insemination or natural serReview | Volume 6 | Number 1|

One of the most important yet underappreciated aspects of a
successful ET program is the recipient. Cows that are reproductively 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 critical to ET success and this requires a fundamental understanding
of the recipient selection, nutrition, estrus synchronization, dis-
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ease management, and marketing.7,41

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

Synchronization of Recipient

OTHER REPRODUCTIVE BIOTECHNOLOGIES

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 synchronization 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 working time as the donor cows.37,39 Recipients synchronized with
prostaglandin F2α (PGF2α) must be treated 12 to 24-hours before donor cows because PGF2α-induced estrus will occur in recipients 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

Cloning

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

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 technology 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

CIDR=(Controlled Internal Drug Release device)
Source: Data from the Ongubo et al42

Sex determination of embryo: The sexual differentiation of the

Superovulation of Donor

Superovulation refers to the release of many oocytes (eggs) during 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 follicle-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

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 embryonic 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 nextgeneration.51 Known sex of embryos produced for use in ET
programs can more effectively help to manage producer resources 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

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 collection, 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
16

Cloning refers to producing genetically identical individual to donor 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

separating spermatozoa into two subpopulations containing Xchromosome 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% differences 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
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the DNA content of the spermatozoa.9
Sperm sexing technology (SST) will enable the producers 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 otherwise would not have. Transgenic animals are genetically modified
to contain a gene from a different species following gene transplantation or resulting from the molecular manipulations of endogenous 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 âcaseine 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 transgenic 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 resulting zygotes incubate and develop in the laboratory before being
placed into the recipient cow.34

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 biotechnology offers numerous advantages to livestock production
through enhancement and control of reproductive processes in
animals. It is within this scope that the reproductive biotechnology techniques have contributed tremendously to the satisfaction
of the increasing demands of the modern dairy and beef industries.
Many producers are now familiar with more advanced
methods of reproductive biotechnologies to enhance reproductive efficiency, which further adds potential economic efficiency
to cattle industries. These are artificial insemination, cloning, estrus synchronization, embryo transfer, transgenesis and in vitro
fertilization. Artificial insemination is the broadly used technologies in the genetic improvement of animals and preventing animal diseases in developed and developing countries.
The other biotechnologies also have different roles
through preserve extinct animal gametes, reducing costs, controlling the natural behavior of animals, producing of very important breed in a short time and controlling reproductive diseases
if procedures and protocols are accurately followed. These technologies have a great role in improving the dairy and beef industry. 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).
Figure 2. Hormonal Pattern of Estrus Cycle31

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 frozenthawed 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 coincubation is practiced in IVF, it has been shown that even 4-hour coincubation was enough to obtain acceptable cleavage and blastoReview | Volume 6 | Number 1|

ACKNOWLEDGMENT

My special and grateful gratitude goes for my familie for their
financial, material and moral support and for Dr. Haben Fesseha

Fesseha H et al

17

Adv Food Technol Nutr Sci Open J. 2020; 6(1): 13-20. doi: 10.17140/AFTNSOJ-6-164

and Dr. Getachew Nigussie for their advice in this seminar preparation. The last but not least gratitude goes for my entire friends
for their advice, motivation, and encouragement in the preparation of this paper.
CONFLICTS OF INTEREST

The authors declare that they have no conflicts of interest.
REFERENCES

1. Madan ML. Animal biotechnology: applications and economic implications in developing countries. Rev Sci Tech. 2005; 24(1):
127-139.
2. Rosegrant MW, Fernandez M, Sinha A, et al. Looking into the
future for agriculture and AKST. Web site. https://cgspace.cgiar.
org/handle/10568/37336?show=full. Accessed November 20,
2019.
3. Gale HF, Ping T, Xianhong B, Huijun X. Commercialization of
food consumption in rural China. USDA-ERS Economic Research
Report 8. 2005. doi: 10.22004/ag.econ.7256
4. Verma OP, Kumar R, Kumar A, Chand S. Assisted reproductive techniques in farm animal-from artificial insemination to
nanobiotechnology. Veterinary World. 2012; 5(5): 301-310. doi:
10.5455/vetworld.2012.301-310
5. Holtz W. Recent developments in assisted reproduction
in goats. Small Ruminant Research. 2005; 60(1-2): 95-110. doi:
10.1016/j.smallrumres.2005.06.032
6. Mapletoft R. History and perspectives on bovine embryo transfer. Anim Reprodu. 2013; 10(3): 168-173.
7. Widayati DT. Embryo transfer as an assisted reproductive technology in farm animals. World Acad Sci Eng Technol. 2012; 6: 10-21.
doi: 10.5281/zenodo.1061796
8. Morrell J, Rodriguez-Martinez H. Practical applications of
sperm selection techniques as a tool for improving reproductive
efficiency. Vet Med Int. 2010; 2011: 1-9. doi: 10.4061/2011/894767
9. Garner D, Seidel JG. History of commercializing sexed semen
for cattle. Theriogenology. 2008; 69(7): 886-895. doi: 10.1016/j.theriogenology.2008.01.006
10. Moore K, Thatcher W. Major advances associated with reproduction in dairy cattle. J Dairy Sci. 2006; 89(4): 1254-1266. doi:
10.3168/jds.S0022-0302(06)72194-4
11. Olatunji O. Biotechnology and industries in Nigeria. Paper
presented at: Proceeding 20th Annual National Conference of Biotechnology Society of Nigeria; 2007; Abakaliki, Nigeria.
12. Choudhary K, Kavya K, Jerome A, Sharma R. Advances in
18

reproductive biotechnologies. Veterinary World. 2016; 9(4): 388395. doi: 10.14202/vetworld.2016.388-395
13. Leitman N, Busch D, Mallory D, et al. Comparison of longterm CIDR-based protocols to synchronize estrus in beef heifers.
Anim Reprod Sci. 2009; 114(4): 345-355. doi: 10.1016/j.anireprosci.2008.10.014
14. Getachew BF. Use of biotechnology in livestock production
and productivites: A review. International Journal of Research Granthaalayah. 2016; 4(6): 100-109. doi: 10.5281/zenodo.56631
15. Lamb C. What are the long-term impacts of estrus synchronization and artificial insemination? Web site. http://nwdistrict.
ifas.ufl.edu/phag/2015/10/09/what-are-the-long-term-impacts-of-estrus-synchronization-and-artificial-insemination/.
Accessed November 20, 2019.
16. Thibier M. The zootechnical applications of biotechnology
in animal reproduction: current methods and perspectives. Reprod
Nutr Dev. 2005; 45(3): 235-242. doi: 10.1051/rnd:2005016
17. Long JA. Reproductive biotechnology and gene mapping:
Tools for conserving rare breeds of livestock. Reprod Domest
Anim. 2008; 43: 83-88. doi: 10.1111/j.1439-0531.2008.01146.x
18. Holm D, Thompson P, Irons P. The economic effects of an
estrus synchronization protocol using prostaglandin in beef heifers. Theriogenology. 2008; 70(9): 1507-1515. doi: 10.1016/j.theriogenology.2008.06.098
19. Manafi M. Artificial insemination in farm animals. In: Theriogenology. London, UK: IntechOpen Publisher; 2011.
20. Johnson LA, Rath D, Vazquez JM, Maxwell WM, Dobrinsky
JR. Preselection of sex of offspring in swine for production: Current status of the process and its application. Theriogenology. 2005;
63(2): 615-624. doi: 10.1016/j.theriogenology.2004.09.035
21. Maquivar M, Verduzco A, Galina C, et al. Relationship among
follicular growth, oestrus, time of ovulation, endogenous estradiol 17β and luteinizing hormone in Bos indicus cows after a synchronization program. Reprod Domest Anim. 2007; 42(6): 571-576.
doi: 10.1111/j.1439-0531.2006.00821.x
22. Peter JC. Applied reproductive strategies in beef cattle. Paper
presented at: Proceedings, semen evaluation; 2004; North Platte,
Nebraska.
23. Anel L, Kaabi M, Abroug B, et al. Factors influencing the success of vaginal and laparoscopic artificial insemination in churra ewes: A field assay. Theriogenology. 2005; 63(4): 1235-1247. doi:
10.1016/j.theriogenology.2004.07.001
24. De Jong E, Vanderhaeghe C, Beek J, et al. Ultrasonography of
the ovaries in the sow: a helpful tool to determine the time of insemination. Vlaams Diergeneeskundig Tijdschrift. 2009; 78: 276-281.

Fesseha H et al

Review | Volume 6 | Number 1|

Adv Food Technol Nutr Sci Open J. 2020; 6(1): 13-20. doi: 10.17140/AFTNSOJ-6-164

25. Ball PJ, Peters AR. Reproduction in Cattle. 3rd ed. Hoboken, New
Jersey: United Kingdom Blackwell Publishing Ltd; 2004.
26. Vishwanath R. Artificial insemination: The state of the
art. Theriogenology. 2003; 59(2): 571-584. doi: 10.1016/S0093691X(02)01241-4
27. Foote R. Within-herd use of boar semen at 5 °C, with a note
on electronic monitoring of oestrus. Reprod Domest Anim. 2002;
37(1): 61-63. doi: 10.1046/j.1439-0531.2002.00328.x
28. Rodriguez-Martinez H, Hultgren J, Båge R, et al. Reproductive performance in high-producing dairy cows: Can we sustain it
under current practice. IVIS Reviews in Veterinary Medicine. 2008;
1(108): 1-23.
29. Lucy M, McDougall S, Nation D. The use of hormonal treatments to improve the reproductive performance of lactating dairy
cows in feedlot or pasture-based management systems. Anim Reprod Sci. 2004; 82: 495-512. doi: 10.1016/j.anireprosci.2004.05.004
30. Paul AK, Yoisungnern T, Bunaparte N. Hormonal treatment
and estrus synchronization in cows: A mini-review. J Adv Vet
Anim Res. 2015; 2(1): 10-17. doi: 10.5455/javar.2015.b45
31. Worku A. Assessment of breeding practices and evaluation of
Mass Oestrus Syncronization and Mass Insemination Techniques
in Dairy Cattle in West Shoa Zone, [master’s thesis]. Dire Dawa,
Ethiopia: Haramaya University; 2015.
32. Noseir WM. Ovarian follicular activity and hormonal profile during estrous cycle in cows: The development of 2 versus
3 waves. Reprod Biol Endocrinol. 2003; 1(1): 50. doi: 10.1186/14777827-1-50

38. Trasorras V, Chaves MG, Neild D, Gambarotta M, Aba M,
Agüero A. Embryo transfer technique: Factors affecting the viability of the corpus luteum in llamas. Anim Reprod Sci. 2010;
121(3-4): 279-285. doi: 10.1016/j.anireprosci.2010.06.004
39. Phillips PE, Jahnke MM. Embryo transfer (techniques, donors, and recipients). Vet Clin North Am Food Anim Pract. 2016;
32(2): 365-385. doi: 10.1016/j.cvfa.2016.01.008
40. Thibier M. Data retrieval committee annual report. IETS
Newslett. 2006; 24: 12-18.
41. Warriach H, McGill D, Bush R, Wynn P, Chohan K. A review of recent developments in buffalo reproduction—a review.
Asian-Australas J Anim Sci. 2015; 28(3): 451-455. doi: 10.5713/
ajas.14.0259
42. Ongubo M, Rachuonyo H, Lusweti F, et al. Factors affecting
conception rates in cattle following embryo transfer. Uganda Journal of Agricultural Sciences. 2015; 16(1): 19-27. doi: 10.4314/ujas.
v16i1.2
43. Blizinger SB. Embryo transfers becoming more popular with
procedures, cattle today. Web site. http://www.cattletoday.com/
archive/2007/May/CT987.shtml. Accessed on November 02,
2007.
44. Hasler J. Factors influencing the success of embryo transfer in
cattle. Medecin Veterinaire Du Quebec. 2004; 34: 66-66.
45. Hasler JF. The current status and future of commercial embryo transfer in cattle. Anim Reprod Sci. 2003; 79(3-4): 245-264.
doi: 10.1016/s0378-4320(03)00167-2

33. Blezinger SB. Estrous synchronization a valuable tool in management of cows and heifers. Cattle Today, INC. 2000.

46. Reik W. Stability and flexibility of epigenetic gene regulation
in mammalian development. Nature. 2007; 447(7143): 425-432.
doi: 10.1038/nature05918

34. Cowan T, Becker GS. Biotechnology in animal agriculture:
Status and current issues. Congressional Research Service. Web
site. https://nationalaglawcenter.org/wp-content/uploads/assets/crs/RL33334.pdf. 2010. Accessed November 2, 2019.

47. Morley K. Cloning technique. Web site. http://www.uq.edu.
au. Office of public policy and Ethics Institute for molecular
Bioscience: University of Queensland Australia; 2002; Brisbane,
Australia. Accessed November 22, 2019.

35. Stroud B, International Embryo Transfer Society’s (IETS).
Statistics and data retrieval committee report. Embryo Transfer
Newsletter. 2012; 30: 15-26.

48. Vajta G, Gjerris M. Science and technology of farm animal
cloning: State of the art. Anim Reprod Sci. 2006; 92(3-4): 211-230.
doi: 10.1016/j.anireprosci.2005.12.001

36. Betteridge KJ. A history of farm animal embryo transfer and
some associated techniques. Animal Reprod Sci. 2003; 79(3-4): 203244. doi: 10.1016/s0378-4320(03)00166-0

49. Wells D. Animal cloning: Problems and prospects. Rev Sci Tech.
2005; 24(1): 251-264.

37. Larson J, Lamb G, Funnell B, Bird S, Martins A, Rodgers J.
Embryo production in superovulated Angus cows inseminated
four times with sexed-sorted or conventional, frozen-thawed semen. Theriogenology. 2010; 73(5): 698-703. doi: 10.1016/j.theriogenology.2009.11.009

Review | Volume 6 | Number 1|

50. Zoheir KM, Allam AA. A rapid method for sexing the bovine
embryo. Animal Reprod Sci. 2010; 119(1-2): 92-96. doi: 10.1016/j.
anireprosci.2009.12.013
51. Plummer WE, Beckett D. Development of successful sex determination method of bovine embryos utilizing embryo biopsy
and PCR. Anim Sci. 2006.

Fesseha H et al

19

Adv Food Technol Nutr Sci Open J. 2020; 6(1): 13-20. doi: 10.17140/AFTNSOJ-6-164

52. Maxwell W, Johnson L. Chlortetracycline analysis of boar
spermatozoa after incubation, flow cytometric sorting, cooling, or cryopreservation. Mol Reprod Dev. 1997; 46(3): 408418. doi: 10.1002/(SICI)1098-2795(199703)46:3<408::AIDMRD21>3.0.CO;2-T
53. Seidel JG. Overview of sexing sperm. Theriogenology. 2007;
68(3): 443-446. doi: 10.1016/j.theriogenology.2007.04.005

58. Niemann H, Kues W, Carnwath J. Transgenic farm animals:
Present and future. Rev Sci Tech. 2005; 24(1): 285-298.
59. Wells DJ. Genetically modified animals and pharmacological research. Handb Exp Pharmacol. 2010; (199): 213-226. doi:
10.1007/978-3-642-10324-7_9

54. Rajoriya R, Rajoriya S, Kumar N. Transgenic animals: Prospects for improving livestock productivity. J Bio Innov. 2013; 2(5):
240-259.

60. Coppola G, Alexander B, Di Berardino D, St John E, Basrur
PK, King WA. Use of cross-species in-situ hybridization (ZOOFISH) to assess chromosome abnormalities in day-6 in-vivo-or
in-vitro-produced sheep embryos. Chromosome Res. 2007; 15(3):
399-408. doi: 10.1007/s10577-007-1125-2

55. Krimpenfort P, Rademakers A, Eyestone W, et al. Generation
of transgenic dairy cattle using ‘in vitro’embryo production. Biotechnology. 1991; 9(9): 844-847. doi: 10.1038/nbt0991-844

61. Cognie Y, Baril G, Poulin N, Mermillod P. Current status of
embryo technologies in sheep and goat. Theriogenology. 2003; 59(1):
171-188. doi: 10.1016/s0093-691x(02)01270-0

56. Baccetti B, Spadafora C. Sperm-mediated gene transfer: Advances in sperm cell research and applications. Mol Reprod Dev.
2000; 56: 329-330.

62. O’Brien J, Hollinshead F, Evans G, Maxwell W. In vivo developmental capacity of in vitro-produced embryos derived
from sex-sorted and re-cryopreserved frozen-thawed ram sperm.
Reproduction, Fertility and Development. 2003; 16(2): 286-286. doi:
10.1071/RDv16n1Ab332

57. Transgenics T. Taconic W4/129S6 Embryonic Stem Cells.
Web site. http://www.taconic.com/emerging/ESCells/ES_
WEB.htm. Accessed November 22, 2019.

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

20

Fesseha H et al

Review | Volume 6 | Number 1|

ISSN 2377-8350

ADVANCES IN

FOOD TECHNOLOGY AND NUTRITIONAL SCIENCES
Open Journal

PUBLISHERS

Original Research

Development of Eggless Cake Using Grass Carp
(Ctenopharyngodon idella) Protein Concentrate and its
Quality Attributes
Sohail Khan, MSc1,2; Qayyum Shehzad, MSc1,2; Ahmad Ali, MSc1,2; Abdur Rehman, PhD1,2; Haroon Shah, PhD3; Fang Yang, PhD1,2;
Salman Khan, MSc4; Wenshui Xia, PhD1,2,*
State Key Laboratory of Food Science and Technology, Jiangnan University,Wuxi, Jiangsu 214122, China
Collaborative Innovation Center of Food Safety and Quality Control in Jiangsu Province, Jiangnan University, Lihu 1800,Wuxi, Jiangsu 214122, China
3
Beijing Advanced Innovation Center for Food Nutrition and Human Health, Beijing Technology and Business University (BTBU), Fangshan, China
4
School of Biotechnology, Jiangnan University,Wuxi, Jiangsu 214122, China
1

2

Corresponding author
Wenshui Xia, PhD

*

State Key Laboratory of Food Science and Technology, Jiangnan University, Wuxi, Jiangsu 214122, China; E-mail: xiaws@jiangnan.edu.cn

Article information
Received: February 1st, 2020; Revised: February 18th, 2020; Accepted: February 24th, 2020; Published: March 2nd, 2020

Cite this article
Khan S, Shehzas Q, Ali A, et al. Development of eggless cake using grass carp (Ctenopharyngodon idella) protein concentrate and its quality attributes. Adv Food
Technol Nutr Sci Open J. 2020; 6(1): 21-28. doi: 10.17140/AFTNSOJ-6-165

ABSTRACT
Purpose

The purpose of this study was to explain the quality of 5%, 8%, and 12% of grass carp fish protein concentrate (FPC) supplemented 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 monostearate (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 increased while cohesiveness and elasticity were found to be decreased. Baking loss (CL) was increased (10.28-11.13) with an increasing 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 eventually could assure effective utilization of fish.
Keywords

Grass carp fish; Cake; Fish protein; Fortification; Sensory evaluation.
INTRODUCTION

C

ake 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, leavening 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

cc
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to copy, redistribute, remix, transform, and reproduce in any medium or format, even commercially, provided the original work is properly cited.
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provide moistness to the final product because of its better foaming, 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 entrapping 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 maintenance of foam in the batter because it incorporates air in the
batter during mixing and helps in gel formation, which is important 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 proteins5 and pea protein,6 have the potential to substitute egg. Arozarena 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 investigated 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 investigated by Salem et al.9 The report revealed that the cake prepared
by substituting 25% eggs with 5% lupine flour or 2% protein isolate 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 changes 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 developed, which recommends that mostly multi-components are egg
substitutes. Thus protein application in combination with emulsifiers and hydrocolloids is better to use for developing egg substitutes. 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
22

stearoyl-2-lactylate (SSL), and glycerol monostearate (GMS) were
used by Ashwini et al14 to describe their effect on the microstructural, 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 combination with SSL and GMS. This project aims to use animal-based
proteins and additives to develop egg substitutes for cakes preparation. 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 essence, 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-minutes 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 ingredients 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 gradually 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 transparent 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).
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

0.84

0.84

0.84

0.84

0

0.5

0.5

0.5

Baking soda
Essence

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.
		

Baking loss=
		

(Wo-Wf)
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-minutes 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.

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 temperature 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. Moisture content, crude protein, and ash were determined by following Honikel et al18 methods. To convert the total nitrogen to total
protein, the nitrogen converting factor 5.7 was used for wheat
Original Research | Volume 6 | Number 1|

flour while 6.25 for the rest of the samples. Lipids were determined 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.

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 standardization, 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”.
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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 fortifying 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

Statistical Analysis

Triplicate results obtained for every parameter analysis (except for
sensory analyses) of each sample were used for statistical analysis. Means were compared by Duncan’s test for significant differences 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., Chicago, IL, USA). Results are presented as “mean±standard deviation (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 compared 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 applying different drying methods and the techniques used for analysis. 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.

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

Specific gravity measures and gives an idea of the total air holding 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 followed by 5% FPC incorporation, which is slightly higher (0.9619).
When the liquid egg was replaced by 12% FPC, it gave the highest 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. mixing 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 inside the trapped bubbles.

A report on the composition of wheat flour by Wu et
al23 on a variety of commercial wheat flour having 13.5% moisture 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

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±1.283

6.71±0.463

12.13±1.108

a

1.21±0.006d

58.94±0.715c

371.82±1.485a

5% FPC

18.91±0.062

c

1.22±0.013

60.37±0.438

e

371.41±1.819a

8% FPC

18.4±0.261

b

376.73±0.954b

12% FPC

18.16±1.347c

b
c

c

9.1±0.182

f

10.39±0.401

e

12.37±0.307

d

16.75±0.220c

11.1±0.011

b

12.3±0.096a

d

1.29±0.017

c

1.35±0.003b

56.84±0.211

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 coalescence, disproportionation and drainage functions mostly executed 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 protein.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 regarding volume. While batter specific gravity, bubble distribution, and
some other properties which affect the movement and incorporation 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 protein 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% respectively which is not a significant difference. The higher foaming 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 control cake batter pH was found to be 7.8 and supplemented cakebatter with 5%, 8%, and 8% FPC was 7.23, 7.91 and 7.63, respectively. 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 increases 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±0.016

a

0.9463±0.003

c

94.986±0.469

a

12.37±0.297

a

7.8±0.03±0.035a

5% FPC

106.415±0.011

ab

0.9619±0.004

b

91.186±1.561

b

10.28±0.122

c

7.23±0.02±0.032d

8% FPC

106.351±0.012

ab

0.9672±0.002

b

89.644±0.927

b

11.03±0.210

b

7.51±0.02±0.050c

12% FPC

106.004±0.657b

11.13±0.137b

7.63±0.04±0.040b

1.0073±0.013a

84.9±1.297c

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

Control Cake

2036±0.169

5% FPC

c

Cohesiveness

Elasticity

0.61±0.006

a

a

5186±0.841

0.52±0.010

b

8% FPC

3885±0.569

b

0.52±0.032

b

12% FPC

4337±0.190b

0.44±0.032c

Gumminess

Chewiness

4.48±0.064

a

1249±0.991

54.93±0.303c

4.48±0.104

a

1839±0.530

4.35±0.057

a

1978±0.490

4.34±0.097a

d
c

69.7±0.856c

b

80.8±0.163b

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 binding 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 control (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 development 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 addition 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 control (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 chewiness 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.

b* values were observed in the evaluation of the prepared cakes
and are given in Table 5. The cake fortified with 5% protein powder 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 increased. 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 finished product.
Cake fortified with 12% of FPC reduces the color attributes but, at the same time, enhances the redness and yellowness characteristics of cakes.The findings of this study are in accordance 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 reduction in brightness (L*), where an increase was observed in
redness (a*) and yellowness (b*) by increasing protein level in prepared cake, with accordance to the present findings.
Sensory Analysis

Sensory evaluations of cake were done in order to asses and determined the acceptability of different mixed ratio cake by consumers. The control and fortified cake with (5%, 8%, and 12%)
of FPC were evaluated for organoleptic attributes such as appearance, 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 descriptive 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).

Color Analysis

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

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 affecting the organoleptic evaluation of the cake.

Values reported are “mean±SD”; values followed by different superscript 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

7.49

7.17

7.32

6.74

6.41

b

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

a

b

b

b

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 supplementation 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 content 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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ABSTRACT
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

Walnuts; Juglans sigillata; Juglans regia; Nutrients; Brain health; Vitamin; Mineral; Fatty acid; Serotonin.
INTRODUCTION

I

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

walnuts but also almonds, Brazil nuts, cashews, hazelnuts, macadamias, 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

cc
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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

in healthy eating recommendations. Of particular note are the protein, dietary fiber, healthy fats, vitamins (e.g. vitamin E and selected
B vitamins including folate, and thiamin) and minerals (e.g. magnesium, copper, potassium, and selenium) contents. In addition,
bioactive components such as phytosterols, phenolics and more
recently serotonin and melatonin have attracted considerable interest in terms of their contribution to human health.4-8

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 Composition Databases12 (Table 1). In terms of nutritional significance (significant contribution to recommended dietary intakes) the components of note are protein, dietary fiber, biotin, folate, thiamine,

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

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

USA10

Australia11

New Zealand12

Energy

kJ

2738

2904

2836

Protein

g

15.2

14.4

14.5

Fat, total

g

65.2

69.2

68.8

g

6.1

4.4

4.9
0.00

Nutrient Class

Nutrient

-Fatty acids, saturated

Proximates

-Fatty acids, trans

g

nr

0.02

-Fatty acids, monounsaturated

g

8.9

12.1

9.0

-Fatty acids, polyunsaturated

g

47.2

49.6

50.0

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

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

-Cholesterol

Vitamins

Minerals

Vitamin D

μg

0.00

nr

0.00

Vitamin E

mg

0.70

2.60

1.01

Vitamin K

μg

2.7

nr

nr

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, serotonin 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 differences 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 indicate 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 contained 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 polyphenols in iron walnut oil were significantly lower than those of
common walnut oil.
Numerous health benefits have been reported for walnuts 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 benefits, and many recent key trials are summarised in Table 2. Effects 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

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 LDLcholesterol.

40

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

48

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

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

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

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

Cardiovascular health

Cognitive function

Diabetes/glucoregulation

Improvement in diet quality

Metabolic syndrome (MetS)
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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 increasing the intake of important dietary nutrients and replacing
less nutritious foods in the diet.21,22 Walnuts may also provide benefits 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 female 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, including 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 protecting 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 neurogenesis, and enhance sequestration of insoluble toxic protein
aggregates. The effect of walnuts on learning and memory function 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 human body, remain unanswered and research is ongoing. With specific 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 Lincang walnuts (regular and old tree), to determine which health benefits may be able to be promoted and if they confer any advantages
over Xinjiang or Californian walnuts.
32

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 composite 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 Forestry 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 Native Product Co., Ltd. in Changsha, Hunan, China, and the walnut 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 production 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 outlined in Table 3. Analysis of each nutrient was carried out in duplicate.
Serotonin and Melatonin Analysis

The concentration of serotonin in walnuts was determined in triplicate by liquid chromatography mass spectrometry (LCMS) with
ion trap detection following a recently published method8 and using 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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nol was used as the extraction solvent. Concentrated samples were
analyzed by LCMS with triple quad detection.

Table 3. Details of Methods Used for Nutritional Analysis
Nutrient

Test method

RESULTS AND DISCUSSION

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

Macronutrients

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

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 little higher in monounsaturated fatty acids. There are some differences 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 requirements 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 because of the high fat content. This is demonstrated by large variations 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.

nt partition steps to improve the limit of detection of analysis.
Extractions using the Reiter methodology were repeated but etha-

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 4. Proximate Content of the Four Types of Walnut Analyzed in this Study (Results are the Average of Duplicate Composite Samples)
Values in mg Per 100 g
Nutrient
Energy

Units

Lincang
Old Tree

Lincang
Regular

Xinjiang

kJ

2331

2391

2306

Values in mg per 30 g Serve
California

Lincang
Old Tree

Lincang
Regular

Xinjiang

California

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

Lincang Regular

Xinjiang

California

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

nd

0.01

0.01

0.01

0.02

0.02

0.02

0.02

Fatty Acid Name
Saturated fatty acids

Henicosanoic acid (C21:0)
Behenic acid (C22:0)
Tricosanoic acid (C23:0)

nd

nd

nd

nd

Lignoceric acid (C24:0)

0.01

0.01

0.01

nd

nd

nd

nd

nd

Monounsaturated fatty acids
Myristoleic acid (C14:1)
cis-10-Pentadecenoic acid (C15:1)
Palmitoleic acid (C16:1)

nd

nd

nd

nd

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

nd

nd

nd

nd

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

nd

nd

nd

nd

Nervonic acid (C24:1n9)
Polyunsaturated fatty acids
Linolelaidic acid (C18:2n6t)

cis-8,11,14-Eicosatrienoic acid (C20:3n6)
cis-11,14,17-Eicosatrienoic acid (C20:3n3)

nd

nd

nd

nd

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

Arachidonic acid (C20:4n6)

nd=not detected

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 containing 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
34

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 leucine, which is in agreement with international database values,10-12
but differs from data published by Zhai et al.14
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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)
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

Amino Acid

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

Values in mg Per 100 g
Units

Lincang
Old Tree

Lincang
Regular

Xinjiang

Folate

μg

88.3

88.3

Niacin (B3)

mg

2.13

2.12

Thiamin (B1)

mg

0.105

0.107

Values in mg per 30-g Serve
California

Lincang
Old Tree

Lincang
Regular

Xinjiang

California

84.5

88.3

26.5

26.5

25.4

26.5

1.31

1.61

0.64

0.64

0.39

0.48

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

Vitamins and Minerals

The vitamin and mineral contents are shown in Table 7. The values for the vitamins are largely in agreement with the composition given in Table 1, except for those for thiamin, which was
lower in all samples analyzed in this study and vitamin B6, which
Original Research | Volume 6 | Number 1|

was slightly higher. Lincang walnuts contained more of some of
the B vitamins (niacin, thiamin, and B6) than the other two samples. 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 8. Serotonin and Melatonin Concentrations the Four Types of Walnut Analyzed in this Study (Results are the Mean of Triplicate Samples±Standard Error of the Mean)
Values in mg per 100 g
Component

Lincang
Old Tree

Lincang
Regular

Xinjiang

Serotonin

25.2±0.9

23.9±0.5

Melatonin

nd

nd

Values in mg per 30 g serve
California

Lincang
Old Tree

Lincang
Regular

Xinjiang

California

18.4±1.7

9.8±0.3

7.6±0.3

7.2±0.2

5.5±0.5

2.9±0.1

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)
Lincang Old Tree
Nutrient

Unit

Amount
Per 100 g

Amount Per
30 g Serve

Lincang Regular
%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
20%

Vitamin B6

mg

0.869

0.261

19%

0.934

0.280

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

the mineral content in the soil where the trees are grown.

Reasons for Differences in Composition

Serotonin and Melatonin

There may be several reasons for the differences in the composition 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 province have been reported.54 The geographical coordinates of Lincang 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.

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 advantage in this area over the common walnut.
Using the initial methodology, no melatonin was detected 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 observed. Using this latter method, dopamine was detected but not
melatonin. It is possible that the method needs some further validation of the clean-up step before there is much chance of success. 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.
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Soil composition may also affect the nutritional composition and the nature of Lincang soils has been studied.55,56 Carbonatite is the main soil in the Yunnan walnut planting area, especially 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-
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vironment appears to have a positive effect on walnut quality to
some degree. These factors should be explored further to determine the main influences on nutritional composition and in particular 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 regarded as negative. However, walnuts deliver large amounts of
polyunsaturated and monounsaturated fatty acids, and diets containing 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 referred 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

Protein

Original Research | Volume 6 | Number 1|

Health benefit
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 bodies convert it to 5-HTP (5-hydroxytryptophan), and then to serotonin, melatonin, and niacin. Serotonin may have some important
roles in the human body, including regulation of appetite, anxiety, 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 nutrients and phytochemicals in walnuts may confer the health benefits, such as those shown in Table 2, rather than individual components being responsible. One area of particular interest is the
role that walnuts may play in brain function due to the combination 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, enhancing 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 endothelium-dependent vasodilation. To obtain the claimed effect,
30 g of walnuts should be consumed daily. Under this same opinion, 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, magnesium, manganese, and phosphorus. The macro nutrient composition of the Lincang walnuts was similar to the Xinjiang- and
Californian-sourced samples. Lincang samples contained significantly more oleic acid and slightly more linoleic acid. In addition, 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,

38

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.
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ABSTRACT
Objective

Some species of fungi produce toxins that can contaminate many food products. For example, toxigenic strains of the Ascomycetes 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 populations in relation to food safety.
Keywords

Maize; Aflatoxin; Aspergillus; Togo.

INTRODUCTION

M

aize 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

cc
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eaten directly as immature cobs that are roasted, boiled, or processed 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 Aspergillus, during cultivation and storage. The aflatoxins secreted by the
toxigenic strains of the flavi section are, indeed, formidable mycotoxins that can contaminate maize seeds, altering their physical, nutritional 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 prevalent.11
Togo, like other countries in the West African sub-region,
does not have its own phytosanitary legislation in relation to acceptable levels of aflatoxin in foodstuffs. The country is in fact
subject to the standards of the Codex Alimentarius which postulates 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

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 obtain 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 passing through an immunoaffinity column. The separation of aflatoxin 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 column. Interfering compounds not recognized by the antibody are
not retained. Purification consists of pouring 2 ml of the solution into a syringe connected to a VICAM (AflaTest) test column.
These columns allow the binding of aflatoxin molecules by antibodies located on the stationary phase and the release of impurities. 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.

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

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 aflatoxin 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.

Sampling

Data Analysis

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

The results obtained were exploited using a dynamic cross-tabulation of an Excel sheet.

Study Site
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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 contamination 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

Figure 1. Aflatoxin Assay Results for the Maize Samples Studied

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 storage 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 asparagus 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 considering the risks posed by the repeated ingestion of highly contaminated products. Several studies have demonstrated carcinogenicity, 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 consumption. This exposure may cause stunted growth and kwashiorkor.8-10
The results obtained on the distribution of aflatoxin
content in each region showed that very few samples are conformed 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 2. Percentage of Aflatoxin Content of Corn Samples in Relation to Some Regulatory
Aflatoxin Standards

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 SenegalCasamance 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
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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 exposure 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 aflatoxincarrying products and the frequency of their consumption. In
fact, the standards are function of the frequency of consumption 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 international standards with which they were compared. This shows
the health danger to which Togolese consumers are exposed. Because 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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