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Lotus (Nelumbonucifera) seed is an important raw material for dessert and versatile medicine. It has
been considered as a vital ingredient for numerous traditional desserts. It contains abundant amount of
phytochemical components as a functional food. This research evaluated the partial replacement of cow
milk by lotus seed milk in yoghurt production. Lotus seed at milk-ripe stage was peeled, cored, soaked 8
hours, cooked at 100 oC for 45 minutes, mashed, filtered, homogenized 30 MPa, and added 5 % of
saccharose, pasteurized at 90 oC for 5 minutes, cooled to ambient temperature. The lotus seed milk was
then mixed with pasteurized milk and skim milk powder in different percentage (0, 3.85, 7.41, 10.71,
13.79, and 16.79 %). These mixtures were heated at 80oC for 15 minutes and cooled to 42 oC before
adding 0.1 % of Lactobacillus bulgaricus as starter culture. The fermentation was terminated at pH 4.6
and the enriched yoghurt was stored at 4 oC for 28 days. Viability of starter culture (log cfu/g), syneresis
(%), water-holding capacity (%), viscosity (mPas), overall acceptance of the enriched yoghurt were
carefully examined in 7 day-interval for 28 days of storage. Results showed that 10.71 % of lotus milk
could be incorporated into milk fermentation to improve microbiological, physicochemical and
organoleptic properties of the enriched yoghurt.
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INTRODUCTION
Lotus (Nelumbonucifera) seed consists three
parts: epicarp, embryo, and cotyledons (Mingzhi
et al. 2016). It is utilized in different cuisine and
traditional medicine. It can be processed into
different forms like tea, jam, juice, oil, loaf, and
cake (Abdoul-Azize, 2016). It’s a rich source of
vitamins, dietary fibers and proteins (Soumya et
al. 2018). Various alkaloids like nuciferine,
neferine,
lotusine,
isoliensinine,
quercitin,
isoquercitrin, and flavinoids were detected in lotus
seed (Rajalakshmy, 2019). It’s commonly
available in shelled and dried form. It can be
eaten raw, roasted or boiled into a
paste/syrup/ground after being peeled and cored.
Different health benefits such as anti-ischaemic,

anti-inflammatory, hepatoprotective, anti-fibrosis,
diuretic, anticancer, anti-obesity, antioxidant from
lotus seed were reported (Ushimaru et al. 2001;
Liu et al. 2004; Kuo et al. 2005; Ono et al. 2006;
Chen et al., 2007; Sridhar and Bhat, 2007; Guo et
al. 2015; Soumya et al. 2018).
Lactobacillus bulgaricusis neccessary to
enhance the sensory, hygienic and functional
attributes of yoghurt and fermented milk (Erdorul
and Erbilir, 2006). Lactobacillusbulgaricusgrown in
dairy products mainly rely on its capability to
effectively utilize carbon (lactose) and nitrogen
(casein) sources in medium, and to synthesize
nucleotide
bases.Lactobacillusbulgaricushas
better proteolytic activity than Streptococcus
thermophilus
(Courtin
and
Rul,
2004).
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Lactobacillusbulgaricushas
the
essential
peptidolytic and transport pathways for casein
utilization. It metabolizes casein into free amino
acids, hence acomplishing its protein synthesis
demand.Lactobacillus bulgaricusbegins at a high
inoculum ratio,Streptococcus thermophilus has a
numerical
advantage
over
Lactobacillus
bulgaricusby the end of fermentation (Courtin
andRul 2004, Herve-Jimenez et al. 2008, BenYahia et al. 2012). Streptococcus thermophilus
seems to be superior to Lactobacillus bulgaricus
in dairy products. Lactobacillus bulgaricus begins
to proliferate exponentially. The proliferation of
Lactobacillusbulgaricus extends to pH 4.4 (Beal
and Corrieu 1991).Lactobacillus bulgaricusis
superior to Streptococcus thermophilus in the
acidic environment due to its ability to convert
ornithine into putrescine to accelerate the
intracellular pH (Azcarate-Peril et al. 2004).
Yoghurt flavor results from a combination of the
main flavor compounds and fatty-acid derivatives
(Beshkova et al. 1998).
Yoghurt is a functional beverage as fermented
dairy product prepared from milk fermentation
(Gao et al. 2018). It is a rich source of
macronutrients (casein and lactose) and
micronutrients
(B
vitamins,
calcium
and
phosphorus) (Lourens-Hattingh and Viljoen, 2001;
Staffolo et al., 2004). Peptides and amino acids
derived
from
lactic
fermentation
greatly
contributed to health effects (Ye et al. 2013). It is
highly prefer to milk, especially for people
encoutering lactose intolerant because lactose
with the support of bacterial starter culture has
been fermented to lactic acid (Heyman, 2000;
Vesa et al., 2000). Yoghurt has been considered
as functional probiotic carrier beneficial for gastro
intestinal disorders (Lourens-Hattingh and Viljoen,
2001; Mazahreh and Ershidat, 2009). It
significantly enhances gum health, suport calcium
absorption; avoid osteoporosis (Kerry et. al.,
2001). There has a potential trend of consuming
symbiotic yoghurt including prebiotics and
probiotics to facilitate human health and wellbeing. Yoghurt could be enriched from adundant
bioactive sources such as coconut (Joel et al.
2014), spirulina (Priyanka et al. 2013), dietary
fiber (Adriana et al. 2018), date (Hashim et al.,
2009), milk protein (Berrakand Tulay, 2017),
strawberry pulp (Henrique et al. 2018), apple
pomace flour (Marina et al. 2020), artichoke flour
(Tatjana et al. 2017), olive fruit polyphenol
(Konstantinos et al. 2012), soy bean flour (Amove
et al. 2019), Hibiscus sabdariffa (Se-Hyung et al.
2019). Incorporation of yogurt with proper

ingredients could enhance not only the quality
characteristics but also the acceptabilities of
yogurt with limited deffects (Gahruie et al.
2015; Liu and Lv., 2019). Yoghurt is manufactured
in different styles and varieties (Weerathilake et
al. 2014). Objective of our study was to study the
possibility of partial replacement of the
pasteurized milk by lotus seed milk during yoghurt
production. iability of starter culture (log cfu/g),
syneresis (%), water-holding capacity (%),
viscosity (mPas), overall acceptance of the
enriched yoghurt were carefully examined in 7
day-interval for 28 days of storage.
MATERIALS AND METHODS
2.1 Material
Lotus seeds at milk-ripe stage (70% maturity)
were collected from Nga Nam district, SocTrang
province, Vietnam. Pasteurized milk and skim milk
powder were purchased from grocery store.
Lactobacillus bulgaricusfrom Vinmec was utilized
as starter culture for yoghurt fermentation. MRS
agar was purchased from Merck (Germany).
Chemical reagents obtained from Merck
(Germany) were all analytical grade.
2.2 Researching method
Lotus seedswithout core were deeply soaked
in fresh water including 0.05 % w/w of citric acid
for 8 hours. The soaked lotus seeds were then
washed under potable water 3 times before
cooking at 100 oC for 45 minutes, mashing,
diluting with water (1:10), filtering, homogenizing
at 30 MPa, adding 5 % of saccharose,
pasteurizing at 90 oC for 5 minutes, cooling to
ambient temperature. 1000 mL of pasteurized milk
and 250 gram ofskim milk powder were primarily
mixed together. An aliquot of 50, 100, 150, 200,
250 mL of lotus seed milk was added into the
prepared cow milk. Percentage of lotus seed milk
existed in the prepared cow milk were 3.85, 7.41,
10.71, 13.79, 16.79 % in equivalent. These
mixtures were heated at 80oC for 15 minutes and
cooled to 42 oC before adding 0.1 % of
Lactobacillus bulgaricusas starter culture. The
fermentation was terminated at pH 4.6 and the
samples stored at 4oC for 28 days. The control
group was similarly prepared as the above
protocol without lotus seed milk. All produced
yoghurt samples were examined viability of starter
culture (log cfu/g), syneresis (%),water-holding
capacity (%), viscosity (mPas),overall acceptance.
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2.3 Microbiological, physicochemical and
organoleptic determination
Viability of starter culture (log cfu/g) was
determined via the pour plate protocol. 10 g of
yogurt was diluted with sterile peptone water (0.1
g/100 mL, 90 mL), and serial dilutions were
prepared. Viability of Lactobacillus bulgaricus cells
were enumerated under anaerobic condition at
37°C for 48 h.Syneresis (%) was evaluated
bydraining 50 mL of unstirred yoghurt spread
evenly on filter paper at 4 ◦C for 6 hours.The
obtained whey volume multiplied by 2 was
considered as syneresis (Sidira et al. 2017).
Water-holding capacity (%) was determined by
method described by Ilyasoglu et al. (2015).25 g
of yoghurt (M1) was centrifuged for 2.5 min at
4,000 rpmat 20 °C. The whey (M2) was separated
and weighed. The water-holding capacity (%) was
expressed as: WHC=(M1-M2)*100/M1. Viscosity
(mPas) of yoghurt was measured by rheometer
(Anton Paar, Germany), after stirring the product
for 60 s (Donkor et al. 2007). Overall acceptance
was evaluated by a group of panelist using 9
point-Hedonic scale.
2.4 Statistical analysis
The experiments were run in triplicate with
different groups of samples. The data were
presented as mean±standard deviation. Statistical
analysis was performed by the Statgraphics
Centurion version XVI.
RESULTS AND DISCUSSION
Fig 1 showed the effect of lotus seed milk
supplementation (0, 3.85, 7.41, 10.71, 13.79,
16.79 %) to the viability of Lactobacillus
bulgaricus (log cfu/g). The number of
Lactobacillus bulgaricus tended to increase with
increasing lotus seed milk. It’s clearly noticed that
there was not significant reduction of viability of
Lactobacillus bulgaricusduring 28 days of storage
in all treatments except at 13.79 % and 16.79 %.
There was significant difference of viability of
starter culture by replacement of pasteurized milk
by lotus seed milk at 13.79 % and 16.79 %.
Meanwhile, there was no significant difference of
viability of starter culture by replacement of
pasteurized milk by lotus seed milk from 0-10.71
%. Polyphenol in apple supplemented into yogurt
could accelerate the proliferation of starter culture
(Sun-Waterhouse et al. 2012). Although the
polyphenol content in lotus seed milk was quite
high 33.59 mg/g extract (Yan-Bin et al. 2011),
different processing steps such as cooking,
diluting, filtering, homogenizing, pasteurizing

might seriously decomposed polyphenol so its
content was not enough to contribute to the
viability of starter culture. The more lotus seed
milk supplemented, the more water incorporated
into yoghurt gel structure. Hence Lactobacillus
bulgaricushas not enough carbon (lactose) and
nitrogen (casein) from cow milk to grow. 10.71 %
of lotus seed milk could be considered as
threshold for partial replacement to the
pasteurized milk to ensure a normal proliferation
of
Lactobacillus
bulgaricusduring
yoghurt
production.

Figure 1: Viability of starter culture (log cfu/g)
of the enriched yoghurt by lotus seed milk
replacement (LSM, %) during 28 days of
storage
Syneresisresulted from of separating yoghurt
gel to retain the serum phase (Vital et al. 2015).
The strength of coagulum and its stability during
storage reflected the syneresis of yoghurt. Fig 2
exhibited the influence of lotus seed milk
supplementation (0, 3.85, 7.41, 10.71, 13.79, and
16.79 %) to the syneresis (%) of the enriched
yoghurt. Control yoghurtshowed the highest level
of syneresis throughout the storage, whereas the
lowest
level
syneresis
wasnoticed
by
incorporation with 16.79 % of lotus seed milk.
There was not significant difference of syneresis
by replacement of the pasteurized milk with lotus
seed milk at 0-10.71%. There was a trend of
syneresis degradation during during 28 days of
storage in replacement of the pasteurized milk
with lotus seed milk at 13.79 % and 16.79 %.
Meanwhile, there was a minor degradation of
syneresis in replacement of the pasteurized milk
with lotus seed milk at 0-10.71 % during 28 days
of storage. Major problems of yogurt were low
viscosity
and
syneresis
(Vital
et
al.
2015). Hydrocolloids provided much more total
solids content into milk materialtoretard the
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defects of yogurt and enhance its structure
(Nguyen et al. 2017). Polyphenol would be
beneficial for enhancing the structure and
syneresis of yogurt (Donmez et al. 2017). Low
polyphenol content remaining in the lotus seed
milk after passing different thermal treatment
could not support to improve syneresis of the
enriched yoghurt. Contrary, the more lotus seed
milk supplemented, the more water incorporated
into yoghurt gel structure. This resulted to the low
syneresis of yoghurt. Moreover, starch in lotus
seed milk could not reinforce gel of casein micelle.

Figure2: Syneresis (%) of the enriched yoghurt
by lotus milk replacement (LSM, %) during 28
days of storage
Water-holding capacityis correlated to the
capacity of protein to capturemoisture in the
yoghurt gel structure (Kinsella and Moor,
1984).Fig 3 proved the impact of lotus seed milk
supplementation (0, 3.85, 7.41, 10.71, 13.79,
16.79 %) to the water-holding capacity (%) of the
enriched yoghurt. It’s clearly relealized that control
yoghurtshowed the highest level of water-holding
capacity throughout the storage, whereas the
lowest water-holding capacity werenoticed by
incorporation with 16.79 % of lotus seed milk.
There was no significant difference of waterholding capacity by replacement of the
pasteurized milk with lotus seed milk at 0-10.71%.
There was a trend of water-holding capacity
degradation during during 28 days of storage in
replacement of the pasteurized milk with lotus
seed milk at 13.79 % and 16.79 %. Meanwhile,
there was a minor degradation of water-holding
capacity in replacement of the pasteurized milk
with lotus seed milk at 0-10.71 % during 28 days
of storage. A high water-holding capacityimproved
curd stability and accelerated viscosity (Srısuvor

et al. 2013). In one research, incorporation of
lotus leaf extractimproved the water-holding
capacity of yoghurt by at least 1.5-fold than that of
control during storage (Da-Hee et al. 2019).
Dietary fibers could retain moistutre, increasing
the water holding capacity of yogurt (Choe et al.
2011; Barkallah et al.2017). Polyphenol combined
with casein resultingadundant cages in preventing
serum emission from the yogurt gel network
(Donmez et al.2017). Low polyphenol content left
in the lotus seed milk after passing different
thermal treatments could not support to improve
water-holding capacity of the enriched yoghurt.
Contrary, the more lotus seed milk supplemented,
the more water incorporated into yoghurt gel
structure. This resulted to the low water-holding
capacity of the enriched yoghurt.Moreover, low
dietary fiber in lotus seed milk could not reinforce
gel of casein micelle.

Figure3: Water-holding capacity (WHC, %) of
the enriched yoghurt by lotus milk
replacement (LSM, %) during 28 days of
storage
Viscosity was an important characteristic
reflecting the texture of yoghurt. Viscosity
increased with lowering shear rate (Isanga and
Zhang, 2009). The higher viscosity values were
obtained when the cow milk enriched with lotus
seed milk. Fig 4 demonstrated the effectiveness of
lotus seed milk supplementation (0, 3.85, 7.41,
10.71, 13.79, and 16.79 %) to the viscosity
(mPas) of the enriched yoghurt. It’s obviously
noticed that the more lotus milk replaced to the
pasteurized milk, the higher viscosity was
recorded.The was not significant reduction of
viscosity during 28 days of storage. The highest
viscosity of yoghurt was found at16.79 % of lotus
milk replacement. The lowest viscosity of yoghurt
was realized at control. In one report, yogurt
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enriched by lotus leaf extract had better viscosity
than that of control. 0.2% of lotus leaf extracts
maintained viscosity of yoghurt until the end of the
storage (Da-Hee et al. 2019). Polyphenol existing
in lotus seed can combine with proteins to create
protein–polyphenol complex (Vital et al. 2015).The
available phenolic in lotus seed milk complexed
with casein in the yogurt matrix, causing higher
viscosity than that in the control (Limwachiranon
et al. 2018). This explained the increase of
viscosity of the enriched yoghurt when adding
lotus seed milk. Yogurt viscosity declined during
storage due to whey separation (Al Mijan et al.
2014). Yogurt was a gel of casein micelle with
captured serum. Both viscosity and water-holding
capacity were correlated to the gel structure of
yogurt (Achanta et al. 2006).

there was a slight reduction of overall acceptance
in replacement of the pasteurized milk with lotus
seed milk at 0-10.71 % during 28 days of storage.
In another study, ice cream flavored with lotus
seed was prepared. The overall acceptance was
not significantly different based on the amount of
lotus seed (Eunhee et al. 2012).

Figure5 :Overall acceptance (sensory score) of
the enriched yoghurt by lotus milk
replacement (%) during 28 days of storage

Figure4:Viscosity (mPas)of the enriched
yoghurt by lotus milk replacement (%) during
28 days of storage
Overall acceptance indirectly reflected the
quality of yogurts (Coggins et al. 2010). The
appropriate physicochemical property in yogurt,
like proper structure and non-serum removal,
contributed an important decision in consumer
acceptability (Cardines et al. 2018). Fig 5
presented the efficacy of lotus seed milk
supplementation (0, 3.85, 7.41, 10.71, 13.79,
16.79 %) to the overall acceptance of the enriched
yoghurt. There was no significant difference of
overall acceptance by replacement of the
pasteurized milk with lotus seed milk at 0-10.71%.
There was dramatically reduction of overall
acceptance during during 28 days of storage in
replacement of the pasteurized milk with lotus
seed milk at 13.79 % and 16.79 %. Meanwhile,

CONCLUSION
Yoghurt enriched with lotus seed milk is highly
evaluated due to its excellent phytochemical
constituents acceptable for therapeutic benefits. In
this research, lotus seed milk added into yoghurt
in different percentage. Results showed that cow
milk could be replaced 10.71 % by lotus seed milk
to obtain the best quality of the enriched yoghurt.
Lotus seed would be a promising carbohydrate
source incorporated into milk fermentation.
CONFLICT OF INTEREST
The authors declared that present study was
performed in absence of any conflict of interest.
ACKNOWLEGEMENT
We acknowledged the financial support for the
publication provided by Binh Duong University,
Vietnam.
AUTHOR CONTRIBUTIONS
Nguyen
Phuoc
Minh
arranged
experiments and also wrote the manuscript.

the

Copyrights: © 2021@ author (s).
This is an open access article distributed under the
terms of the Creative Commons Attribution License
(CC BY 4.0), which permits unrestricted use,

Bioscience Research, 2021 volume 18(2): 1551-1559

1555

Nguyen Phuoc Minh

attributes of yoghurt enriched with lotus seed milk

distribution, and reproduction in any medium,
provided the original author(s) and source are
credited and that the original publication in this
journal is cited, in accordance with accepted
academic practice. No use, distribution or
reproduction is permitted which does not comply
with these terms.
REFERENCES
Abdoul-Azize S. Potential benefits of jujube
(Zizyphus lotus L.) bioactive compounds for
nutrition and health. Journal of Nutrition and
Metabolism
2016:
2867470.
https://doi.org/10.1155/2016/2867470
Achanta KJ, Aryana KA, Boeneke C. Fat free
plain set yogurts fortified with various
minerals.LWT Food Sci Technol. 2006; 40:
424429.https://doi.org/10.1016/j.lwt.2006.01.001
Adriana D, Georgiana GC, Anca-Mihaela G,
Lăcrămioara R. Quality assessment of yogurt
enriched with different types of fibers, CyTA Journal
of
Food
2018;
16:
859867. https://doi.org/10.1080/19476337.2018.
1483970
Al Mijan M, Choi KH, Kwak HS.Physicochemical,
microbial, and sensory properties of
nanopowdered
eggshell-supplemented
yogurt during storage.J Dairy Sci. 2014; 97:
3273-3280.https://doi.org/10.3168/jds.20137367
Amove J, Ogori AF, Aondoakaa PI. Effect of
yoghurt–milk enrichment with whole soy
bean flour. Journal of Nutritional Health &
Food Engineering 2019; 9: 97-103.
https://medcraveonline.com/JNHFE/JNHFE09-00333.pdf
Azcarate-Peril MA, Altermann E, Hoover-Fitzula
RL,
Cano
RC,
Klaenhammer
TR.
Identification and inactivation of genetic loci
involved with Lactobacillus acidophilus acid
tolerance. Applied and Environmental
Microbiology
2004;
70:
5315–5322.
https://doi.org/10.1128/AEM.70.9.53155322.2004
Barkallah M, Dammak M, Louati I, Hentati F,
Hadrich B, Mechichi T, Ayadi MA, Fendri I,
Attia
H,
Abdelkafi
S.
Effect
of Spirulinaplatensis fortification
on
physicochemical, textural, antioxidant and
sensory properties of yogurt during
fermentation and storage. LWT-Food Sci
Technol.
2017;
84:
323330.https://doi.org/10.1016/j.lwt.2017.05.071

Beal

C and Corrieu G. Influence of pH,
temperature, and inoculum composition on
mixed
cultures
of
Streptococcus
thermophilus 404 and Lactobacillus 398.
Biotechnology and Bioengineering 1991; 38:
90–98.https://doi.org/10.1002/bit.260380112
Ben-Yahia L, Mayeur C, Rul F, Thomas M.
Growth
advantage
of
Streptococcus
thermophilus over Lactobacillus bulgaricus in
vitro and in the gastrointestinal tract of
gnotobiotic rats. Beneficial Microbes 2012; 3:
211–219.
https://doi.org/10.3920/BM2012.0012
Berrak D andTulay O. Improving the textural
properties of yogurt fortified with milk
proteins. Journal of Food Processing and
Preservation
2017;
41:
13101.
https://doi.org/10.1111/jfpp.13101
Beshkova D, Simova E, Frengova G, Simov Z.
Production of flavour compounds by yogurt
starter cultures. Journal of Industrial
Microbiology and Biotechnology 1998; 20:
180–
186.https://doi.org/10.1038/sj.jim.2900504
Cardines PHF, Baptista ATA, Gomes RG,
Bergamasco
R,
Vieira
AMS.Moringaoleifera seed
extracts
as
promising natural thickening agents for food
industry: Study of the thickening action in
yogurt production. LWT-Food Sci Technol.
2018;
97:
3944.https://doi.org/10.1016/j.lwt.2018.06.028
Chen Y, Fan G, Wu H, Wu Y, Mitchell A.
Separation,
identification
and
rapid
determination of liensine, isoliensinine and
neferine from embryo of the seed of
NelumbonuciferaGaertn.
by
liquid
chromatography coupled to diode array
detector and tandem mass spectrometry.
Journal of Pharmaceutical and Biomedical
Analysis
2007;
43:
99-104.
https://doi.org/10.1016/j.jpba.2006.06.016
Choe JH, Jang A, Lee ES, Choi JH, Choi YS, Han
DJ, Kim HY, Lee MA, Shim SY, Kim CJ.
Oxidative and color stability of cooked
ground
pork
containing
lotus
leaf
(Nelumbonucifera)
and
barley
leaf
(Hordeumvulgare) powder during refrigerated
storage. Meat Sci. 2011; 87: 1218.https://doi.org/10.1016/j.meatsci.2010.08.
011
Coggins PC, Rowe DE, Wilson JC, Kumari S.
Storage and temperature effects on
appearance and textural characteristics of
conventional milk yogurt.J Sens Study.2010;

Bioscience Research, 2021 volume 18(2): 1551-1559

1556

Nguyen Phuoc Minh

attributes of yoghurt enriched with lotus seed milk

25: 549-576.https://doi.org/10.1111/j.1745459X.2010.00286.x
Courtin P and Rul F. Interactions between
microorganisms in a simple ecosystem:
yogurt bacteria as a study model.Lait 2004;
84: 125–134.
Da-Hee K, Won-Young C, Su-Jung Y, Sung-Hee
C, Chi-Ho
L.
Effects
of
lotus
(Nelumbonucifera) leaf on quality and
antioxidant activity of yogurt during
refrigerated
storage.
Food
SciAnimResour 2019; 39:792-803.
https://doi.org/10.5851/kosfa.2019.e69
Donkor ON, Nilmini SLI, Stolic P, Vasiljevic T,
Shah NP.Survival and activity of selected
probiotic organisms in set-type yoghurt
during cold storage.Int. Dairy J. 2007; 17:
657–
665.https://doi.org/10.1016/j.idairyj.2006.08.0
06
Donmez O, Mogol BA, Gokmen V. Syneresis and
rheological behaviors of set yogurt containing
green tea and green coffee powders. J Dairy
Sci. 2017; 100: 901-907.
Erdorul O and Erbilir F. Isolation and
characterization of Lactobacillus bulgaricus
and Lactobacillus casei from various foods.
Turk
J
Biol
2006;
30:
39-44.
https://dergipark.org.tr/tr/download/articlefile/121433
Eunhee H, Su-Young J, Dong-Myuong J.
Development of ice cream prepared lotus
(NelumbonuciferaGaertner) leaf and seeds.
Korean Journal of Human Ecology 2012; 21:
377-388.
https://doi.org/10.5934/KJHE.2012.21.2.377
Gahruie HH, Eskandaria MH, Mesbahia G,
Hanifpour MA. Scientific and technical
aspects of yogurt fortification: A review. Food
Sci
Hum
Wellness.2015;
4:
18.https://doi.org/10.1016/j.fshw.2015.03.002
Gao HX, Yu ZL, He Q, Tang SH, Zeng WC. A
potentially functional yogurt co-fermentation
with Gnaphalium
affine.LWT-Food
Sci
Technol.
2018;
91:
423430.https://doi.org/10.1016/j.lwt.2018.01.085
Guo Z, Zeng S, Zhang Y, Lu X, Tian Y, Zheng B.
The effects of ultra-high pressure on the
structural, rheological and retrogradation
properties of lotus seed starch. Food
Hydrocolloids
2015;
44:
285-291.
https://doi.org/10.1016/j.foodhyd.2014.09.01
4
Hashim IB, Khali AH, Afifi HS. Quality
characteristics and consumer acceptance of

yogurt fortified with date fiber. J. Dairy Sci.
2009;
92:
5403–5407.
https://doi.org/10.3168/jds.2009-2234
Henrique J, Giordana DA, Katia R, Vitor CC,
Flávio HR, José CCP. Enhancement of
antioxidant activity and physicochemical
properties
of
yogurt
enriched
with
concentrated strawberry pulp obtained by
block freeze concentration. Food Research
International
2018;
104:
119-125.
https://doi.org/10.1016/j.foodres.2017.10.006
Herve-Jimenez L, Guillouard I, Guedon E, Gautier
C, Boudebbouze S, Hols P, Monnet V, Rul F,
Maguin E. Physiology of Streptococcus
thermophilus during the late stage of milk
fermentation with special regard to sulfur
amino-acid metabolism. Proteomics 2008; 8:
4273–4286.
https://doi.org/10.1002/pmic.200700489
Heyman M. Effect of lactic acid bacteria on
diseases. J. Am. Coll. Nutr. 2000; 9: 137146.https://doi.org/10.1080/07315724.2000.1
0718084
Ilyasoglu H, Yilmaz F, ArslanBurnaz N, Baltaci C.
Preliminary assessment of a yoghurt-like
product manufactured from hazelnut slurry:
Study
using
response
surface
methodology.LWT Food Science and
Technology2015;
62:
497–
505.https://doi.org/10.1016/j.lwt.2014.06.023
Isanga J and Zhang G. Production and evaluation
of some physicochemical parameters of
peanut milk yoghurt.LWT Food Science and
Technology
2009;
42:
1132–
1138.https://doi.org/10.1016/j.lwt.2009.01.01
4
Joel N, Felicia I, Rabiu G. Production and quality
assessment of functional yoghurt enriched
with coconut. International Journal of
Nutrition and Food Sciences 2014; 3: 545550.
https://doi.org/10.11648/j.ijnfs.20140306.19
Kerry A, Jackson B, Dennis A. Lactose
maldigestion,
calcium
intake
and
osteoporosis in African, Asian and HispanicAmericans. J. Am. Coll. Nutr. 2001; 20: 198205.https://doi.org/10.1080/07315724.2001.1
0719032
Kinsella
JE,
Morr
CV.
Milk
proteins:
Physicochemical and functional properties.
Crit Rev Food SciNutr.1984; 21:197262.https://doi.org/10.1080/10408398409527
401
Konstantinos BP, Fani KK, Paschalis EG, Ioannis
G, Konstantinos NP, Alexandros CN.

Bioscience Research, 2021 volume 18(2): 1551-1559

1557

Nguyen Phuoc Minh

attributes of yoghurt enriched with lotus seed milk

Production of novel bioactive yogurt enriched
with olive fruit polyphenols. World Academy
of Science, Engineering and Technology
International Journal of Nutrition and Food
Engineering 2012; 6: 170-175.
Kuo YC, Lin YL, Liu CP, Tsai WJ. Herpes simplex
virus type 1 propagation in HeLa cells
interrupted by Nelumbonucifera. Journal of
Biomedical Science 2005; 12: 1021-1034.
https://doi.org/10.1007/s11373-005-9001-6
Limwachiranon J, Huang H, Shi Z, Li L, Luo Z.
Lotus flavonoids and phenolic acids: Health
promotion and safe consumption dosages.
Compr Rev Food Sci Food Saf.2018; 17:458471.
https://doi.org/10.1111/15414337.12333
Liu CP, Tsai WJ, Lin YL, Liao JF, Chen CF, Kuo
YC. The extracts from Nelumbonucifera
suppress cell cycle progression, cytokine
genes expression, and cell proliferation in
human peripheral blood mononuclear cells.
Life
Sciences
2004;
75:
699-716.
https://doi.org/10.1016/j.lfs.2004.01.019
Liu D and Lv XX.Effect of blueberry flower pulp on
sensory, physicochemical properties, lactic
acid bacteria, and antioxidant activity of settype yogurt during refrigeration.J Food
Process
Preserv.2019;
43:
13856.https://doi.org/10.1111/jfpp.13856
Lourens-Hattingh A and Viljoen B. Review: Yogurt
as probiotic carrier food. International Dairy
Journal
2001;
11:
1-17.
https://doi.org/10.1016/S09586946(01)00036-X
Marina J, Marija P, Jelena M, Snezana Z,
Jovanka LP, Dragana MC, Stanislava G.
Bioactivity and sensory properties of
probiotic yogurt fortified with apple pomace
flour.
Foods
2020;
9:
763.
https://doi.org/10.3390/foods9060763
Mazahreh AS and Ershidat MO.The benefits of
lactic acid bacteria in yoghurt on the
gastrointestinal function and health. Pakistan
Journal of Nutrition 2009; 8: 1404-1410.
https://doi.org/10.3923/pjn.2009.1404.1410
Mingzhi Z, Ting L, Mingquan G. Current advances
in the metabolomics study on lotus seeds.
Frontiers in Plant Science 2016: 891.
https://doi.org/10.3389/fpls.2016.00891
Nguyen PTM, Kravchuk O, Bhandari B, Prakash
S. Effect of different hydrocolloids on texture,
rheology, tribology and sensory perception of
texture and mouthfeel of low-fat pot-set
yoghurt. Food Hydrocoll.2017; 72: 90104.https://doi.org/10.1016/j.foodhyd.2017.0

5.035
Ono Y, Hattori E, Fukaya Y, Imai S, Ohizumi Y.
Antiobesity effect of Nelumbonucifera leaves
extract in mice and rats. Journal of
Ethnopharmacology 2006; 106: 238-244.
https://doi.org/10.1016/j.jep.2005.12.036
Priyanka M, Kempanna C, Narasimha M, Anjum.
Quality characteristics of yoghurt enriched
with Spirulina powder. Mysore J. Agric, Sci.
2013; 47: 354-359.
Rajalakshmy P. Lotus seed- A review.Acta
Scientific Nutritional Health 2019; 3: 93-95.
https://actascientific.com/ASNH/pdf/ASNH03-0407.pdf
Se-Hyung K, Hyun-Woo L, Jung-Whan C, KwangYoung S, Kun-Ho S. Sensory profiles of dairy
products
supplemented
with Hibiscus
sabdariffa linnaeus (roselle) powder: A
preliminary
study.
J.
Milk
Sci.
Biotechnol. 2019; 37:
247255.https://doi.org/10.22424/jmsb.2019.37.4.
247
Sidira M, Santarmaki V, Kiourtzidis M, Argyri AA,
Papadopoulou OS, Chorianopoulos N,
Tassou C, Kaloutsas S, Galanis A,
Kourkoutas Y. Evaluation of immobilized
Lactobacillus plantarum 2035 on whey
protein as adjunct probiotic culture in yoghurt
production. LWT-Food Sci. Technol. 2017;
75:
137–
146.https://doi.org/10.1016/j.lwt.2016.08.026
Soumya H, Rachana S, Jasnoor K. A review on
health
benefits
of
lotus
seeds
(Nelumbonucifera). Journal of Applied
Science and Computations 2018; 5: 92-96.
Sridhar KR and Bhat R. Lotus – A potential
nutraceutical source. Journal of Agricultural
Technology
2007;
3:
143-155.
http://www.ijataatsea.com/pdf/JUN_V3_07/13IJAT2007_07-R.pdf
Srisuvor N, Chinprahast N, Prakitchaiwattana C,
Subhimaros S. Effects of inulin and
polydextrose on physicochemical and
sensorial properties of low-set yoghurt with
probiotic-cultured banana puree. LWT Food
Science and Technology 2013; 51: 30–
36.https://doi.org/10.1016/j.lwt.2012.10.018
Staffolo MD, Bertola N, Martino M, Bevilacgua YA.
Influence of dietary fiber addition on sensory
and rheological properties of yogurt. Int.
Dairy
J.
2004;
14:
263268.https://doi.org/10.1016/j.idairyj.2003.08.0
04
Sun-Waterhouse D, Zhou J, Wadhwa SS. Effects

Bioscience Research, 2021 volume 18(2): 1551-1559

1558

Nguyen Phuoc Minh

attributes of yoghurt enriched with lotus seed milk

of adding apple polyphenols before and after
fermentation on the properties of drinking
yoghurt. Food Bioprocess Technol. 2012; 5:
2674-2686. https://doi.org/10.1007/s11947011-0563-1
Tatjana K, Jolanta S, Pawel G. Rheological and
textural properties of yogurts enriched with
Jerusalem artichoke flour. Czech J. Food
Sci.
2017;
35:
432–439.
https://doi.org/10.17221/2/2017-CJFS
Ushimaru T, Kanematsu S, Katayama M, Tsuji H.
Antioxidative enzymes in seedlings of
Nelumbonucifera germinated under water.
PhysiologiaPlantarum 2001; 112: 39-46.
https://doi.org/10.1034/j.13993054.2001.1120106.x
Vesa TH, Marteau, Korpela R. Lactose
intolerance J. am. Coll. Nutr. 2000; 129: 165175.
https://doi.org/10.1080/07315724.2000.1071
8086
Vital ACP, Goto PA, Hanai LN, Gomes-DaCosta
SM, De Abreu Filho BA, Nakamura CV,
Matamoto-Pintro
PT.
Microbiological,
functional and rheological properties of low
fat
yogurt
supplemented
with
Pleurotusostreatusaqeous
extract.
LWT
Food Science and Technology 2015; 64:
1028–
1035.https://doi.org/10.1016/j.lwt.2015.07.00
3
Vital ACP, Goto PA, Hanai LN, Gomes-da-costa
SM, Filho AA, Nakamura CV, MatumotoPintro PT. Microbiological, functional and
rheological properties of low fat yogurt
supplemented
with Pleurotusostreatus aqueous
extract.
LWT-Food Sci Technol. 2015; 64:10281035.https://doi.org/10.1016/j.lwt.2015.07.00
3
Weerathilake WADV, Rasika DMD, Ruwanmali
JKU, Munasinghe MADD. The evolution,
processing, varieties and health benefits of
yogurt.International Journal of Scientific and
Research
Publications
2014;
4:
110.http://www.ijsrp.org/research-paper0414/ijsrp-p2855.pdf
Yan-Bin W, Li-Jun Z, Jun Y, Jian-Guo W, ChunJiang T, Ti-Qiang C, Jin-Zhong W, Ka-Hing
W. A comparative study on antioxidant
activity
of
ten
different
parts
of
NelumbonuciferaGaertn. African Journal of
Pharmacy and Pharmacology 2011; 5: 24542461. https://doi.org/10.5897/AJPP11.352
Ye M, Ren L, Wu Y, Wang Y, Liu Y. Quality

characteristics and antioxidant activity of
hickory-black soybean yogurt. LWT-Food Sci
Technol.
2013;
51:
314318.https://doi.org/10.1016/j.lwt.2012.09.027

Bioscience Research, 2021 volume 18(2): 1551-1559

1559

