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ABSTRACT

The protein content in egg contributes effectively to the fulfilment of nutrients in daily life at an
affordable price and acceptable organoleptic properties. This study aimed to investigate the effect
of anti-caking agent addition (maltodextrin and tricalcium phosphate) on the quality and functional
properties of salted duck egg powder. Addition of 2% maltodextrin increased the moisture content
in salted duck egg powders as much 36% compared to the control. 2% TCP incorporation decreased
the moisture content up to 54%, could not maintain the emulsion stability, but it increased the
emulsion activity. There were no significant differences (p < 0.05) on the parameter of foaming
capacity and foaming stability. Anticaking agent maltodextrin and TCP did not affect the water
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number of food products with its characteristics of longer shelf life and specific flavor.
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Introduction

Eggs have perishable properties, which means they are
easily spoiled and have a short shelf life (Evanuarini and
Susilo, 2022). Eggs become basic food ingredient with
high demand and consumption throughout the world
(Fisininetal., 2008). Eggs refer to a food product produced
from poultry that is used as both an ingredient and a main
dish for baked foods. Eggs come with hard shell and laid
from female species of fowl, birds, reptiles, amphibians,
and fish. The main type of egg consumed by humans is
from the type of poultry.

The protein content in eggs contributes effectively to
the fulfilment of nutrients in daily life at an affordable price
and acceptable organoleptic properties. Among the poultry
eggs, chicken egg and duck egg are commonly found.
Blitar is a regency in Indonesia where business of egg
products is developing. One of the product massively
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consumed is salted egg. Salted egg generally made using
duck eggs (Rukmiasih et al., 2015). Salted eggs, and the
yolks specifically, are impressively versatile. It has buttery,
full-bodied, and rich flavor since duck eggs contain higher
lipid concentration than chicken eggs (Ismoyowati et al.,
2019).

The principle of making salted eggs is the process of
salting with NaCl which then diffuses into the egg through
the pores of the shell/shell (Wulandari et al., 2014). Salted
duck egg contains protein and fat, respectively, 13.6% and
13.3%. The protein content is higher than raw duck eggs
(11.8%), and the fat content is lower than raw duck eggs
(14.2%) (Indonesian Food Composition Table, 2019). The
purpose of making salted eggs is not only as one effort to
preserve, but also to improve the taste of eggs.
Furthermore, salted egg has the potential to be developed
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into salted egg powder. Salted egg powder has more widely
application with specific falvor and longer shelf life. It is
also appropriate to be applied as a mixture, flavoring, or
additive in various food products.

Food powder has main problem called ‘caking’ that
affects quality and functionality, due to water absorption
during storage. The addition of anticaking agent is needed
to keep the powder stability in its form without extreme
coagulation. The mechanisms of the anticaking agent’s
function were explained by competing to bind the moisture
it with the host powder (Jose, 2013); creating barriers on
the surface of hygroscopic particles or physical barriers
between particles (Nurhadi et al., 2018); smoothing
surfaces to eliminate inter-particle friction (Jaya et al.,
2006); and also inhibiting crystal growth (Lipasek et al.,
2012). Some of the anticaking agents had known to be used
in food powder were maltodextrin (Nortuy et al., 2018),
tricalcium phosphate (TCP), silicon dioxide, calcium
stearate (Barbosa-Canovas et al., 2005).

Sunyoto et al. (2017) explained that the administration
of 2% tricalcium phosphate gave the results of an instant
sweet potato puree product with a water content of 11.74%;
clumping rate 1.10% (no clumping); and 2.82 mL/g
rehydration power. On the other hand, Ekpong et al.,
(2016), revealed that a product of tamarind powder
dispersibility was significantly
improved by using maltodextrin (0-15%) and also
improved the overall acceptance score. This study aimed to
investigate the effect of anti-caking agent addition
(maltodetrin and tricalcium phosphate) on the quality and
functional properties of salted duck egg powder.
Processing salted egg into egg powder being an effort of
local food exploration to increase the value of final
product.

Materials and Methods

Sample Preparation

Salted duck egg samples were obtained from Doko,
Blitar, East Java Province, Indonesia. The eggs have 14
days aged of salting. Uncracked eggs were selected,
washed, and drained. Egg samples were homogenized
using Phillip HR2222 homogenizer and dried in
temperature 80°C for 8 hours with Food Dehydrator MKS-
FDH10. The treatment for samples were control (K) with
no addition of anticaking agent, addition of 2%
maltodextrin (M), addition of tricalcium phosphate 2% (T),
and addition of maltodextrin combined with tricalcium
phosphate 2% (MT). All of dried samples were milled to
get powdered form, sieved to 60 mesh, weighed for
determination of yield value and then stored in alumunium
foil packaging prior to analysis.

Determination of Moisture Content

Moisture content of the salted egg powder was
determined by using oven drying method. Triplicate
samples of salted egg powder (5 g each) were weighed,
placed in porcelain crucible, and then dried in oven
(Memmert UF110) at 105°C for 24 h. The samples were
removed from oven, cooled in a desiccator, and weighed.
The drying and weighing processes were repeated until
constant weight was obtained (Tze et al., 2012).

Determination of Functional Properties

The functional properties of salted duck egg powder
was analysed according to the method of Sanusi et al.
(2020) with modification. For the emulsifying activity
(EA), 1 g sample, 10 mL distilled water and 10 mL palm
oil was prepared in calibrated centrifuge tube. The mixture
then centrifuged at 2000 g for 5 min. The height ratio of
the mixture calculated as emulsion activity in percentage.

EA % Height of emulsified layer
0

B Height of total concentration in the cylinder

The sample in centrifuged tube then heated at 80°C for
30 min in a water-bath, cooled for 15 mins under running
tap water and centrifuged again at 200 g for 15 min. The
emulsion stability expressed the ratio of the height of
emulsified layer to the total height of the mixture in
percentage value.

Foaming Capacities (FC) and Foaming Stabilities (FS)
measurement was adapted from Sanusi et al. (2020) with
slight modification. 1 g powdered salted duck egg sample
was added to 50 mL distilled water in a graduated cylinder
at room temperature. The suspension was mixed and
shaken for 5 min to foam. The volume foam at 30 seconds
after whipping expressed as foam capacity using the
formula:

Vol after whipping - Vol before whipping
X

FC %= 100

Vol before whipping

The volume of foam was recorded 15 min after
whipping to determine foam stability (FS) as per percent of
initial foam volume.

FS %= Foam vol after 15 min 100
’ Height of total concentration in the cylinder *

The water holding capacity (WHC) and oil holding
capacity (OHC) of the samples determined by using the
methods suggested by Heywood et al. (2002) and Nguyen
et al. (2015). 2.5 g salted duck egg powder was weighed in
pre-weighed 30 mL centrifuge tubes. For each sample 10
mL of distilled water were added and well mixed with the
sample. Samples stood at room temperature for 30 min.
The mixture was centrifuged at 1200 g 30 min (Joan lab
MC-7S). The supernatant was carefully decanted and the
new mass of the sample was recorded. WHC (g water /g
powder) was calculated as:

_ Total water mass

WHC x 100

B Dry matter mass

Oil absorption capacity was also determined by 1 g of
sample mixed with 10 mL palm oil and allowed to stand at
ambient temperature for 30 min, the centrifuged for 30 min
at 200 g. Oil absorption was examined as percent oil bound
per gram powdered egg.

OHC*M oiled - Md 100
T Md Y

With md and moiled are the mass of dry material and
the mass of sample including held oil, respectively.
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Statistical analysis

All samples were run in triplicates. The data were
expressed as mean + standard of deviation. Data was
analyzed for variation using one-way analysis of variance
(ANOVA) and the means separated by Duncan’s multiple-
range test. Significance between related samples was
analyzed at the level of 0.05 (P<0.05).

Results and Discussion

Moisture Content

The moisture content of salted duck egg powder samples
ranged from 0.89 to 2.65% whb (Table 1). Compared to all
four samples, TCP had lowest value of moisture content (0.89
+0.26). It is observed that TCP has relation with its ability to
take up to 10 % of its own weight of moisture (humidity) from
the environment (EU Commission Regulation, 2013). Later,
TCP helps to avoid any lumps in a mix and keeping
preparations free-flowable, which is considered to be a benefit
to the consumer as well. On the other hand, salted duck egg
powder with addition of 2% maltodextrin sample (M) had
significantly higher value (p<0.05) among four samples.
Maltodextrin as anticaking agent in this research is a popular
drying aid. It has been reported to reduce stickiness and
agglomeration problems during storage that commonly found
in flour products (Silva, 2006). In line with Ramachandran et
al. (2014) that investigated papaya powder with maltodextrins
addition. The increase of moisture content was observed with
the increase maltodextrin  concentration. However,
maltodextrin addition gave preferred sensory scores for
appearance, color and overall liking in tamarind powder
product (Jittanit et al., 2011).

All of the duck egg powder samples in this paper had
lower moisture content (1-3% wb), compared to study of
Ndife et al. (2010), that explained the moisture content of
chicken whole egg had the value of 4.32%. Further study
by Rao and Labuza (2012), revealed that hydrolysed egg
white powder (HEW) and dried egg white powder (DEW)
had higher range of moisture content valued at 8.6% and
6.0% respectively. Vargas-del-Rio et al. (2022) also
investigated the moisture content of three samples of egg
powders. The samples were made of 100% egg white,
mixture of egg yolk:egg white 1:3, and mixture of whole
egg that processed by spray drying. Those had values of
3.76%, 2.03%, and 2.22% respectively. Salting treatment
in food significantly reduce the moisture content
(Sipahutar et al., 2021).

The moisture content of powder product is a crucial
factor in maintaining the physical quality of the product
during storage (Razak et al., 2020). Caking has been a
serious problem in all powdered food, feed,
pharmaceutical, and related industries (Ruan et al., 2007).
Caking occurs when water is absorbed by the powders
either during processing or storage. When the food powder
surfaces are mobilized by water, the texture become sticky.
An inter-particle binding happens for the next, formation
of clusters, and inter-particle fusion, which lead to caking.
Caking may cause the decrease of solubility, but it may
increase lipid oxidation and enzymatic activity, and reduce
the sensory qualities. A study conducted by Nasir et al.
(2003), explained that moisture had significant effect on
crude protein, crude fat, mould growth and insect
infestation. Protein and fat content were decreased with

storage period and this trend was more in treatments of
higher moisture content of wheat flour sample. The lower
moisture content, the longer shelf life of a product. The
dried foods were not easily exposed to the spoilage food
and can increase the shelf life (Kortei et al., 2015).

Reduction in the degree of caking in mango powder
with the addition of tricalcium phosphate and maltodextrin
also has been reported by Jaya and Das, (2004).
Maltodextrin causing a reduction in caking to some extent,
meanwhile addition of TCP resulted further reduction in
the degree of caking. Wheat flour given with 2% TCP was
effective in forestalling adverse storage changes,
preventing insect infestation, and did not have any adverse
effect on sensory properties (Ruan et al., 2007).

Functional properties

The emulsion activity of salted duck egg samples were
at the range of 57.04% to 66.34% (Table 1). Addition of
anticaking agent (maltodextrin and TCP) gave significant
difference (P<0.05) for emulsion activity. Emulsion
activity is referred as maximum amount of oil that can be
emulsified by a fixed amount of the protein in food,
whereas emulsion stability is the rate of phase separation
in water and oil during storage of the emulsion. Emulsion
properties being important for delivery systems to
encapsulate, protect and release functional ingredients into
a food matrix (Padial-Dominguez et al., 2020).

In salted duck egg powders, addition maltodextrin and
TCP prior to drying effective in increasing the emulsion
activity. Compared to the control (without anticaking
agent), the emulsion activity inclined up around 4.45% to
16.30%. This might be due the role of maltodextrin as
coating material to enhance the emulsion activity. Lecithin,
proteins, gums, modified starches such as maltodextrin,
and phospholipids could be used as emulsifying agent
(Serdaroglu et al.,, 2015). Erbay and Koca (2015),
evaluated maltodextrins addition for the production of
cheese powder. It has effect on increasing the stability of
fat emulsions during processing, which decreases the free
fat content and improves the reconstitution properties of
powders.

In egg product, protein act as the emulsifier due to its
surface that containing a mixture of hydrophilic and
hydrophobic amino acids along the polypeptide chains.
Proteins have emulsification properties due to their
amphipathic  properties (having hydrophobic and
hydrophilic groups), hence proteins are able to form a layer
at the oil-water interface. Addition of maltodextrin and
TCP did not interfere the protein properties for emulsion
forming in salted duck egg powder.

Salted duck egg powder sample with TCP addition had
the highest emulsion activity (66.34%). TCP probably has
the properties as emulsifying agent with certain role. It
might be increasing the viscosity of the medium, reducing
coalescence by coating individual droplets as well as acting
as weighting agents, or increasing the viscosity of the
continuous phase thus retarding droplet movement
(Maphosa and Jideani, 2017). Emulsion is important in
food for dispersing one liquid in another immiscible liquid.
In salted duck egg flour analysis, oil molecules are larger
and move slower than water molecules, when oil molecules
are dispersed throughout water, they create a thicker
consistency throughout the entire mixture.
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Table 1. Moisture content and functional properties of salted duck egg flour

s | Parameters
amples Moisture Content  Emulsion Activity Emulsion Stability Foaming Capacity = Foaming Stability
K 1.94 + 0.66® 57.04 £4.502 17.33 £2.982 12.00 + 6.932 9.33 £ 1.16°
M 2.65+0.21° 59.58 £ 6.31% 17.89 + 7.142 14.67 + 5.032 10.67 £ 1.162
TCP 0.89 +0.26° 66.34 + 3.72° 13.76 + 6.942 10.67 £ 1.162 8.00 £ 2.00?
MT 1.60 + 0.35% 59.79 + 2.00% 17.36 +3.232 12.67 + 1.16% 11.33 £2.31°

Values were expressed as mean+=SD (n = 3); means with the same superscript letters in the same column are not significantly different (P<0.05) with
samples K= control (no addition of anticaking agent), M= Maltodextrin, TCP= Tricalcium phosphate, MT= Maltodextrin+Tricalcium phosphate.

Table 2. Water Holding Capacity (WHC) and Oil Holding Capacity (OHC) salted duck egg powder

Samples Parameters
WHC OHC
K 2.147 £0.222 1.560 + 0.09%
M 2.247 £0.142 1.643 £0.11°
TCP 2.167 £0.142 1.570 £ 0.20%
MT 2.363 +0.072 1.467 +0.342

Values were expressed as mean+SD (n = 3); means with the same superscript letters in the same column are not significantly different (P<0.05) with
samples K= control (no addition of anticaking agent), M= Maltodextrin, TCP= Tricalcium phosphate, MT= Maltodextrin+Tricalcium phosphate.

All of control and treated samples showed no
significant difference (P<0.05) in emulsion stability (Table
1). Emulsion in food is thermodynamically unstable
system and rapidly separate into separate layers of oil and
water (Ghosh and Roussseau, 2011) because of natural
difference between the oil and aqueous phases density, and
also the unfavorable contact between oil and water
molecules (Maphosa et al.., 2017). The extent of emulsion
stability is determined by various factors such as particle
size, particle size distribution, density between the
dispersed and continuous phases as well as the chemical
integrity of the dispersed phase (Maphosa and Jideani,
2018). This showed that anticaking addition (maltodextrin
and TCP) did not affect those aspects.

A sort of food components showing capability as food
emulsion stabilisers. When biopolymers such as proteins
and polysaccharides or their complexes are applied as
emulsion stabilisers, they exhibit different modes of action.
Emulsion helps to confer foods with distinct functional
attributes, such as desirable appearances, textures,
mouthfeels, and flavor profiles. Emulsions also widely
used as vehicle for the encapsulation and delivery of
bioactive agents, such as vitamins and nutraceuticals.
Some stabilizers generally applied to stabilize emulsion
state by preventing break down which occurs due to
creaming aggregation and coalescence.

Regarding the foaming capacity, all salted duck egg
powder samples showed no significant difference (P<0.05)
after addition of anticaking agent (maltodextrin and TCP).
The values ranged from 10.67 — 14.67% (Table 1).
Foaming capacity is corresponds to the ability of an
ingredient to form and stabilise a foam, while the foam
stability is the power foam, once formed, to persist. Both
of them are important for various products such as ice
cream, mousses, and marshmallow, with respect to shelf-
life and appearance of the product. It must be maintained
when subjected to process variations such as heating,
mixing and cutting (Foegeding et al., 2006). In general,
proteins that exhibit low foaming capacity show good
stability and vice versa. At pH different from the isoelectric
point of the protein, the foam ability is usually satisfactory,
but the foam stability is low (Fennema et al., 2010).

The fat content within duck egg probably have a
significant role for foaming behavior. Lipids are known to
enhance the emulsification process in food but diminish the
foaming potentials (Marques, 2000). The foaming
properties are particularly important in the stability of ice
cream and in bread production (Wilcox, 2006). Beside fat
component, Panyam and Kilara (1996), reported about
molecular properties of proteins that are relevant for
foaming include solubility to enable rapid diffusion at the
interface, to enhance interfacial interactions, segmental
flexibility to facilitate unfolding at the interface and
molecular rearrangement to prevent close approach of
bubbles. Drying probably increase foaming ability of
protein concentrates by increasing protein solubility.

For the water holding capacity (WHC) aspect, there was
no significant difference (P<0.05) in all four samples. We can
assume that addition of two types of anticaking agent had no
effect to the WHC in salted duck egg samples. The values
were 2.15-2.36% (Table 2). Water holding capacity is related
to the protein content within food system. Some factors such
as pH, ionic strength, and temperature affect the WHC of
proteins. Water holding capacity (WHC) is the ability of food
to hold its own or added water during the application of force,
pressure, centrifugation, or heating (Gyawali and Ibrahim,
2016). Heating reduces WHC since denaturation of protein
happens so it reduces the availability of polar amino groups
for hydrogen bonding with water molecules. The values above
were lower, if compared to the WHC in white egg powder
(3.03%), but higher than the whole chicken egg powder
(0.3%) investigated by Vargas-del-Rio et al. (2022).

The oil holding capacity (OHC) of sample with
addition of maltodextrin and tricalcium phosphate
combination was significantly different from the sample
with only had maltodextrion addition. Maltodextrin
incorporation resulted the highest oil holding capacity of
salted duck egg powder (Table 2). Maltodextrins provide
good oxidative stability to oil encapsulation but exhibit
poor emulsifying capacity, emulsion stability, and low oil
retention (Gharsallaoui et al., 2007). The oil holding
capacity is generally attributed to the physical entrapment
of fat by the protein. Furthermore, oil holding capacity is
also affected by hydrophobic amino acid properties to bind
the oil component (Tharise et al., 2014).
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Conclusion

Addition of maltodextrin and tricalcium phosphate
(TCP) lowering the moisture content in salted duck egg
powders. TCP is effective for increasing the emulsion
activity, but could not maintain the emulsion stability.
There were no significant differences (p < 0.05) on the
parameter of foaming capacity and foaming stability in all
duck egg powders. Anticaking agents maltodextrin and
TCP did not affect the water holding capacity of four
samples. However, maltodextrin slightly increases the oil
holding capacity. Salted duck egg powder is usable for
substitute in protein-rich baked goods due to the functional
properties of emulsification, foaming, water and oil
binding, with specific taste and aroma and also longer shelf
life compared to fresh eggs.

Acknowledgements
All authors declare no conflicts of interest to disclose.

References

Barbosa-Canovas GV, Ortega-Rivas E, Juliano P, Yan H. 2005.
Food Powders Physical Properties, Processing, and
Functionality. New York: Plenum Publisher. ISBN 0-306-
47806-4

Commission Regulation (EU) No 244/2013 of 19 March 2013:
The Use of Tricalcium Phosphate (E 341 (iii)) in Nutrient
Preparations Intended for Use in Foods for Infants and Young
Children. Available at:
http://data.europa.eu/eli/reg/2013/244/oj

Ekpong A, Phomkong W, Onsaard E. 2016. The Effects of
Maltodextrin as a Drying Aid and Drying Temperature on
Production of Tamarind Powder and Consumer Acceptance
of The Powder. International Food Research Journal, 23(1):
300-308.

Erbay Z, Koca N. 2015. Effects of Whey or Maltodextrin
Addition during Production on Physical Quality of White
Cheese Powder during Storage. Journal of Dairy Science,
98(12): 8391-8404. DOI: https://doi.org/10.3168/jds.2015-
9765

Evanuarini H, Susilo A. 2022. Development of Salted Egg
Powder by the Addition of Garlic Extract. Livestock Animal
Research, 20(2): 69-75. DOI:
https://doi.org/10.20961/lar.v20i1.58705

Fennema OR, Damodaram S, Parkin KL. 2010. Fennema’s Food
Chemistry 4th Edition, Porto Alegre: Artmed Publishing.

Fisinin VI, Papazyan TT, Surai PF. 2008. Producing Specialist
Poultry Products to Meet Human Nutrition Requirements:
Selenium Enriched Eggs. World's Poultry Science Journal,
64(1): 85-98. DOI:
https://doi.org/10.1017/S0043933907001742

Foegeding E, Luck PJ, Davis JP. 2006. Factors determining the
Physical Properties of Protein Foams. Food Hydrocolloids,
20: 284-292. DOI:
https://doi.org/10.1016/j.foodhyd.2005.03.014

Gharsallaoui A, Roudaut G, Chambin O, Voilley A, Saurel R.
2007. Applications of Spray-Drying in Microencapsulation of
Food Ingredients: An Overview. Food Research
International, 40(9): 1107-1121. DOI:
https://doi.org/10.1016/j.foodres.2007.07.0

Ghosh S, Rousseau, D. 2011. Fat Crystals and Water-in-Qil
Emulsion Stability. Current Opinion in Colloid and Interface
Science, 16: 421-431. DOl:
https://doi.org/10.1016/j.cocis.2011.06.006

Gyawali R, Ibrahim SA. 2016. Effects of Hydrocolloids and
Processing Conditions on Acid Whey Production with
Reference to Greek Yogurt. Trends in Food Science &
Technology, 56: 61-76. DOI:
https://doi.org/10.1016/j.tifs.2016.07.013

Heywood AA, Myers DJ, Bailey TB, Johnson LA. 2002.
Functional Properties of Low-Fat Soy Flour Produced by an
Extrusion-Expelling System. Journal of the American Oil
Chemists' Society, 79(12): 1249-1253. DOl:
https://doi.org/10.1007/s11746-002-0635-y

Indonesian Food Composition Table (IFCT/TKPI). 2019. Centre
for Food and Nutrition Research and Development, Ministry
of Health of the Republic of Indonesia. Available at:
https://www.panganku.org/id-1D/beranda

Ismoyowati I, Indrasanti D, Mugiyono S, Pangestu M. 2019.
Phytogenic Compounds do not Interfere Physiological
Parameters and Growth Performances on Two Indonesian
Local Breeds of Ducks. Journal of Veterinary World, 12(11):
1689-1697. DOI:
https://doi.org/doi:10.14202/vetworld.2019.1689-1697

Jaya S, Das H, Mani S. 2006. Optimization of Maltodextrin and
Tricalcium Phosphate for Producing Vacuum Dried Mango
Powder. International Journal of Food Properties, 9(1): 13—
24. DOI: https://doi.org/doi:10.1080/10942910500217666

Jaya S, Das H. 2004.Effect of Maltodextrin, Glycerol
Monostearate and Tricalcium Phosphate on Vacuum Dried
Mango Powder Properties. Journal of Food Engineering,
63(2): 125-134. DOI: https://doi.  0rg/10.1016/s0260-
8774(03)00135-3

Jittanit W, Chantara-In M, Deying T, Ratanavong W. 2011.
Production of Tamarind Powder by Drum Dryer Using
Maltodextrin ~ and  Arabic Gum as  Adjuncts.
Songklanakarin Journal of Science and Technology, 33(1):
33-41.

Jose TK. 2013. Neera for the Revival of Coconut Economy.
Indian Coconut Journal, 56(1): 2-3.

Kortei NK, Odamtten GT, Obodai M, Appiah V, Akonor PT.
2015. Determination of Color Parameters of Gamma
Irradiated Fresh and Dried Mushrooms During Storage.
Croatian Journal of Food Technology, Biotechnology and
Nutrition,10 (1): 66-71.

Lipasek RA, Ortiz JC, Taylor LS, Mauer LJ. 2012. Effects of
Anticaking Agents and Storage Conditions on The Moisture
Sorption, Caking, and Flowability of Deliquescent
Ingredients. Food Research International, 45(1): 369-380.
DOI: https://doi. org/10.1016/j.foodres.2011.10.037

Maphosa Y, Jideani VA, Adeyi O.2017. Effect of Soluble
Dietary Fibres from Bambara Groundnut Varieties on the
Stability of Orange Oil Beverage Emulsion. African Journal
of Science, Technology, Innovation and Development, 9(1):
69-76. DOI:
https://doi.org/10.1080/20421338.2016.1263436

Maphosa Y, Jideani VA. 2018. Factors Affecting the Stability of
Emulsions Stabilised by Biopolymers in: Science and
Technology Behind Nanoemulsions. DOl:
https://doi.org/10.5772/intechopen.75308

Marques MB. 2000. Development of Some High Protein
Conventional Foods Based on Wheat and Oil Seed Flour.
Journal of Food Science and Technology, 37(4): 394-399.

Nasir M, Butt M, Anjum, Sharif M, Minhas R. 2003. Effect of
Moisture on the Shelf Life of Wheat Flour. International
Journal of Agriculture and Biology, 5: 458-459.

Ndife J, Udobi, Ejikeme C, Amaechi N. 2010. Effect of Oven
Drying on the Functional and Nutrition Properties of Whole
Egg and Its Components. African Journal of Food Science
4A(5): 254 — 257.

Nguyen DQ, Mounir S, Allaf K. 2015. Functional Properties of
Water Holding Capacity, Oil Holding Capacity, Wettability,
and Sedimentation of Swell-Dried Soybean Powder, 3(4):
402-412.

316



Mahmudah et al. / Turkish Journal of Agriculture - Food Science and Technology, 11(2): 312-317, 2023

Nortuy N, Suthapakti K, Utama-ang N. 2018. Effects of
Maltodextrin and Silicon Dioxide Added as Anticaking
Agents on the Properties of Instant Date Palm (Phoenix
dactylfera L.) Powder using Spray Drying. Journal of
Advanced Agricultural Technologies 5(2): 86-92. DOI:
https://doi.org/10.18178/joaat.5.2.86-92

Nurhadi B, Sukri N, Sugandi WK, Widanti AP, Restiani R,
Noflianrini Z. 2018. Comparison of Crystallized Coconut
Sugar Produced by Traditional Method and Amorphous
Coconut Sugar Formed by Two Drying Methods: Vacuum
Drying and Spray Drying. International Journal of Food
Properties, 21(): 2339-2354.
DOI: https://doi.org/10.1080/10942912.2018.1517781

Padial-Dominguez M, Espejo-Carpio FJ, Pérez-Galvez R, Guadix
A, Guadix EM. 2020. Optimization of the Emulsifying
Properties of Food Protein Hydrolysates for The Production
of Fish Oil-In-Water Emulsions. Foods, 9(5): 1-12. DOI:
https://doi:10.3390/foods9050636

Panyam D, Kilara A. 1996. Enhancing the Functionality of Food
Proteins by Enzymatic Modification. Trends in Food Science
and Technology, 7:120-125. DOl:
https://doi.org/10.1016/0924-2244(96)10012-1

Ramachandran P, Poojitha MN, Srividya N. 2014. Influence of
Maltodextrin and Nutritive Anti-caking Agents on Quality
Characteristics and Storage Stability of Papaya Powder.
Research Journal of Pharmaceutical, Biological and
Chemical Sciences, 5(2): 1108-1123.

Rao Q, Labuza TP. 2012. Effect of Moisture Content on Selected
Physicochemical Properties of Two Commercial Hen Egg
White Powders. Food Chemistry, 132(1): 373-384. DOI:
https://doi.org/10.1016/j.foodchem.2011.10.107

Razak NA, Rahim N, Shaari AR, Leng LY. 2020. Effect of Initial
Moisture Content on Physical Properties of Orthosiphon
Stamineus Ground Powder During Storage. IOP Conf. Series:
Materials Science and Engineering 932. DOI: https://doi.org/
10.1088/1757-899X/932/1/012024

Ruan R, Choi Y-J, Chung M-S. 2007. Caking in Food Powders.
Food Scie. Biotechnol, 16(3): 329-336.

Rukmiasih, Ulupi N, Indriani W. 2015. Sifat Fisik, Kimia dan
Organoleptik Telur Asin Melalui Penggaraman dengan
Tekanan dan Konsentrasi Garam yang Berbeda. Jurnal limu
Produksi dan Teknologi Hasil Peternakan 3 (3): 142-145.

Sanusi AZ, Jibia ZS, Garba MG, Salisu US, Gaddafi S. 2020.
Functional Properties of Powdered and Fresh Egg Albumin
and Yolk Determination. Fudma Journal of Sciences, 4(3):
263 - 266. DOI: https://doi.org/10.33003/fjs-2020-0403-390

Serdaroglu M, Oztiirk B, Kara A. 2015. An Overview of Food
Emulsions: Description, Classification and Recent Potential
Applications. Turkish Journal of Agriculture-Food Science
and Technology, 3: 430-438. DOl
https://10.24925/turjaf.v3i6.430-438.336

Silva MA, Sobral PJA, Kieckbusch TG. 2006. State Diagrams of
Freeze-Dried Camu-camu (Myrciaria dubia (HBK) Mc
Vaugh) Pulp with and without Maltodextrin Addition. Journal
of Food Engineering, 77(3): 426-432. DOLI:
https://doi.org/10.1016/j.jfoodeng.2005.07.009

Sipahutar YH, Yuniarti T, Bertiantoro A, Perceka ML. 2021.
Sensory Characteristics and Moisture Content of Salted
Sardinella (Sardinella fimbriata) in Different Salt
Concentration. 4™ International Symposium of Marine
Science and Fisheries: IOP Conf. Series “Earth and
Environmental Science”. DOI: https://doi.org/10.1088.1755-
1315/860/1/012077

Sunyoto M, Andoyo R, Firgianti G. 2017. Kajian Penambahan
Trikalsium Fosfat (TCP) pada Variasi Kelembaban Relatif
(RH) yang Berbeda terhadap Pure Kering Ubi Jalar Instan.
Jurnal Aplikasi Teknologi Pangan 6 (4): 150-155. DOI:
https://doi. org/10.17728/jatp.264

Tharise N, Julianti E, Nurminah M. 2014. Evaluation of Physico-
Chemical and Functional Properties of Composite Flour
From Cassava, Rice, Potato, Soybean and Xanthan Gum as
Alternative of Wheat Flour. International Food Research
Journal, 21(4): 1641-1649.

Tze NL, Han CP, Yusof YA, Ling CN, Talib RA, Taip FS,
Aziz,MG. 2012. Physicochemical and Nutritional Properties
of Spray-dried Pitaya Fruit Powder as Natural Colorant. Food
Sci Biotechnol, 21: 675-682. DOI:
https://doi.org/10.1007/s10068-012-0088-z

Vargas-del-Rio LM, Garcia-Figueroa A, Fernandez-Quintero A,
Rodriguez-Stouvenel, A. 2022. Spray-Drying Hen Eggs:
Effects of The Egg Yolk to Egg White Ratio and Sucrose
Addition on the Physicochemical, Functional, and Nutritional
Properties of Dried Products and on Their Amino Acid
Profiles. Journal of Applied Science, 12: 1-16. DOI:
https://doi.org/10.3390/ app12094516

Wilcox BF. 2006. Fundamentals of Food Chemistry. Yola,
Nigeria: Paraclete
Publishers.

Wulandari Z, Rukmiasih, Suryati T, Budiman C, Ulupi N. 2014.
Tehnik Pengolahan Telur dan Daging Unggas. Bogor: IPB
Press.

317



