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Abstract The enrichment with low amount of bioactive protein of spray-dried edible bird’s nest

hydrolysates (EBNH) (3.0 %) in view of its cost and high solubility provided significant value added

to the overall in vitro antioxidant capacity of soy-based powder drink mix (PDM). Its beverage

(12.5 % concentration, consistency index 0.39 Pa.sn) antioxidant capacity as measured by ABTS

and FRAP was comparable (p > 0.05) but significantly higher than antioxidant assays of FCR

and DPPH. The respective antioxidant capacity of the PDM beverage in terms of trolox equivalent

(TE) and gallic acid equivalent (GAE) were 21.95 TE mg/g, 20.75 TE mg/g, 2.93 TE mg/g and 14.72

GAE mg/g for FRAP, ABTS, DPPH and FCR. Depending on antioxidant assay, EBNH in bever-

age of PDM contributed an increase in the range of 3.7–9.3 % (which was significant (p < 0.05)

according to ABTS and FCR assays) or about 6.0 % to its overall antioxidant capacity. The inter-

action among the antioxidant activity of all the food product’s ingredients is antagonistic since the

difference between the expected and observed total antioxidant potential is significantly higher

(p < 0.05) for all antioxidants assays, except FCR. The beverage of PDM has excellent sensory

quality. It is sugar free and high protein PDM that has excellent cocoa flavour and possesses suf-

ficient sweetness with acceptable beany aroma and taste when served as hot beverage.
� 2023 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

The swiftlet industry which mainly produces edible bird’s nest (EBN) is

one of the major contributors to Malaysia’s gross national income.

Malaysia is the second largest supplier of raw edible bird’s nest

(REBN) after Indonesia (Dai et al., 2020). The global demand of

REBN continues to grow steadily. Certainly, efforts through the con-

version of REBN into value-added products will make the swiftlet

industry more profitable. Since the outbreak of COVID-19 at the

end of 2019 the demand for Malaysian REBN by China has increased

remarkably (Malaysian National News Agency, 2020). The market

value of REBN ranges from USD 2000 to USD 10,000 per kilogram

depending on its grade, type and origin (Fan et al., 2022; Lee et al.,

2021). White REBN is the nest that is produced by swiftlet Aerodramus

fuciphagus. It is a great food delicacy. Conventionally, REBN is double

boiled with rock sugar into soup as prepared traditionally by Chinese

medicinal practitioners almost has no flavour (Lee et al., 2021).

The REBN is widely used as healthy food due to its high nutri-

tional values and numerous therapeutic benefits that include anti-

viral effects (Chua et al., 2021). REBN contains mainly glycoproteins,

a complex structure of protein and carbohydrates where the glycans

are rich in sialic acid (Norhayati et al., 2010). The carbohydrate com-

ponent of REBN which is glycosidically linked to form N-

acetylgalactoamine, releases as free N-acetylneuraminic acid upon

enzymatic hydrolysis (Wong et al., 2018). The two main functional

components in REBN found by many researchers are sialic acid and

antioxidants (Babji et al., 2018; Ma and Liu, 2012). However, REBN

was reported to have inferior functional effects in term of antioxidant

activity and promote lower absorption rate as compared to EBNH

(Babji et al., 2018; Khushairay et al., 2014). As animal glycoprotein,

both REBN and EBNH contain sialic acid unlike almost all plant food

sources which have no detectable amount of sialic acid or N-

acetylneuraminic acid content (Zeleny et al., 2006). Ling et al. (2020)

shows that hydrolysates from EBN of Malaysia contains high amount

of sialic acid, specifically N-acetylneuraminic acid. The importance of

sialic acid in human nutrition is well known (Ghosh, 2020). The EBNH

also have a complete protein content to maintain a good balance of

essential amino acids that we need. The total amount of amino acid

in EBNH is significantly higher than REBN (Ng et al., 2020). The

EBNH also have high soluble protein compared to unhydrolyzed

REBN (Khushairay et al., 2014). Soluble protein is an important char-

acteristic to consider in selecting proteins for use in liquid foods and

beverages (Fellow, 2017). Few studies indicate nutritional values, sol-

uble protein, sialic acid content and antioxidant activity of spray-

dried EBNH are comparable or higher than that of freeze-dried EBNH

(Gan et al., 2020).

The REBN powder is physiochemically inferior compared to

EBNH derived from enzymatic hydrolysis. The latter transforms

REBN glycoprotein into bioactive glycopeptides, making them soluble

and leaving behind other insoluble impurities, regardless of the REBN

grade (Ng et al., 2020). Cleaned REBN gives about 89 % recovery of

hydrolysates (Ling et al., 2020). Taking advantage of its solubility,

EBNH has been solely encapsulated (each capsule about 0.62 cm3 con-

taining 0.15 g) to be marketed as a safe, nutritious and convenient

alternative of non-synthetic bioactive glycopeptides source (Babji

et al., 2015; Babji, 2017). The encapsulated EBNH can be taken

directly as an alternative to consuming REBN soup which has tedious

preparation method.

It is expected that a formulated plant based food product that is

fortified with EBNH gives complementary effect to the quality of the

finished product. This is beneficial from the standpoint of exploiting

its therapeutic effects to benefit human health. A large variety of

EBN related products have emerged in the market. The development

of downstream products from bio-technically processed REBN by

entrepreneurs have produced many value-added and innovative prod-

ucts, but merely as conventional raw product of EBN such as drink,

food supplement, additive or extract added in food and cosmetic.
The use of EBN should be optimized in the form of its hydrolysates.

The EBNH has a good potential in enhancing the combined health

benefits when it is incorporated as an ingredient in both food and

non-food products. However, exploiting EBNH to be as a component

that can contribute a significant value added ingredient in food pro-

duct development is still limited. To date, no known study is reported

in published literature to indicate EBNH fortification gives value

added to food product. As revealed by Daud et al. (2019) some

research efforts to use EBNH as an ingredient in foods such as chicken

patties, confectionery (chocolate and ice cream), ready-to-drink bever-

ages of roselle (Hibiscus sabdariffa) and aloe vera (A. vera) have been

attempted but not reported.

The reported research on the development of food product com-

prising of bioactive compound in a mixture of soybean and cocoa pow-

ders which can be conveniently consumed as ready-to-eat (RTE)

healthy powder drink mix (PDM) is still scarce. Obviously, for such

food powder product to be successfully formulated it should compose

of functional food ingredients and provide maximum other quality

appeal to consumers. Tasty flavour, nice aroma and hygienically safe

are among the deciding factors of any functional drink (Zubairi

et al., 2023). Consumption of soy-based foods is increasing worldwide

due to the acclaimed health benefits as evidenced from numerous sci-

entific studies (Chatterjee et al., 2018; Lokuruka, 2010). Specifically,

the acceptance of soy-based foods has increased due to the demand

for alternatives to dairy products by consumers which face problem

of intolerance and allergy to lactose, apart as desire for vegetarian

alternatives (Granato et al., 2010). It is also to get away from long-

term consumption of red meat protein for fear of getting chronic dis-

eases (Herzler et al., 2020). In addition, food manufacturers may also

have contributed to this effect because of their brilliant creativity in

continuously developing new lines of soy-based products. The latter

do not only contain enough soy to meet the claim requirement but also

are developed specifically to taste good in view of consumers reluctant

to try soy-based foods because they fear a bad taste. Cocoa on the

other hand, apart from being mostly valued for its flavour worldwide,

it is also admired for its health benefits contribution and possesses

excellent potential as functional food (Aprotosoaie et al., 2016). In

view of the beneficial functional role of EBN as discussed above, the

objective of this study is to formulate a plant-based sugar free

cocoa-flavoured PDM containing soybean powder fortified with func-

tional EBNH to evaluate its in vitro antioxidant capacity and sensory

quality. Specifically, the main interest with respect to EBNH is to eval-

uate whether its low dose enrichment in PDM gives significant value-

added impact to the overall antioxidant capacity of the product.

2. Materials and methods

2.1. EBN hydrolysates preparation

Spray-dried EBNH was used as an ingredient of the product,

in view of its low processing cost compared to freeze-dried
EBNH. In addition, few studies indicate nutritional values,
soluble protein, sialic acid content and antioxidant activity

of spray-dried EBNH are comparable or higher than that of
freeze-dried EBNH (Gan et al., 2020). Moulded REBN of
Aerodramus fuciphagus which is still considered as Grade A
due to its cleanliness was purchased from Mobile Harvester

(M) Sdn. Bhd., Shah Alam, Selangor, Malaysia. The EBN
was then grounded into powder by using a stainless-steel War-
ing blender before it was soaked in distilled water at 4 �C (1:

100 w/v) for 16 h. The samples were then placed in the water
bath and heated to 100 �C to undergo the process of double
boiling for 30 min. Subsequently, the sample was allowed to

cool down by using ice cubes and then incubated at 60 �C
for 1 h with alcalase enzyme (1:100 w/v, pH 8.0) of Bacillus
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licheniformis (Novozyme Corps, Denmark). The enzymatic
hydrolysis was then terminated by boiling the solution of the
hydrolyzed sample at 100 �C for 5 min. The solution was

cooled and the hydrolysates were separated from the solution
by filtering and then spray-dried instead of freeze-dried as
based on patented parameters (patent no.:

WO2017034390A3) by Babji (2017) from Universiti Kebang-
saan Malaysia. The spray-drying process involved using a
spray dryer (L-115, Agridon Manufacturers Sdn. Bhd., Malay-

sia) that has an inlet chamber and output air temperature of
180 ± 1 �C and 90 ± 1 �C, respectively, while maintaining
a flow rate of 100 mL/h using a peristaltic pump (Ravel Hiteks,
Chennai).

2.2. Product formulation optimization

The multivariate statistic technique (central composite design)

from Design Expert Software (version 12) of Stat Ease Inc.
was utilized in experimental design and analysis of formula-
tions optimization for the product. Central composite design

is a factorial design that develops second order polynomial
models for the responses in response surface methodology
(RSM) (Montgomery, 2017). Response surface models repre-

senting the relationship between the independent variables
and responses were utilized to optimize formulations of the
product.

2.2.1. Independent variables

The experiment involved careful preparation of twenty formu-
lations of ingredients powder in various combinations contain-

ing soybean powder, cocoa powder, EBNH, silicon dioxide,
xanthan gum and sucralose, mixed in 40 mL 90 �C hot water.
Cocoa powder, xanthan gum and silicon dioxide were assigned
as three quantitative controllable factors (independent vari-

ables) in the levels of 15–35 %, 0.3–0.8 % and 0.5–1.0 %,
respectively (Table 1). The amount of EBNH and sucralose
were fixed at 3.0 % (0.15 g) and 0.06 %, respectively. Soybean

powder as the main ingredient make up the remaining weight
of each formulation (5.0 g). The amount of EBNH that was
added as ingredient was equivalent to its weight in capsules

(0.15 g each) that was developed by Babji et al. (2015), which
can be taken daily as a source of bioactive compound. Consid-
ering the solubility and cost of EBNH, it is considered ade-
quate and is expected to impose significant impact of its

functional activity. Assuming consuming 240 mL per serving
of soy-based beverage (USFDA, 2018), the drink of the pro-
duct (12.5 % concentration containing 1.8 mg/mL protein)

provides 0.9 g EBNH. With respect to ACE inhibitory activity,
references indicated effective inhibition (IC50) by EBNH corre-
sponds to only 0.02 mg protein/mL (Nurfatin et al., 2016),

whereas Daud et al. (2019) reported 0.514 mg glycopeptides/
mL.

2.2.2. Dependent variables

Water activity, degree of caking and rheological parameters
(flow behaviour and consistency index) which accounted for
the behaviour of the product formulations in their non-liquid

and liquid states were set as four dependent variables or
responses. A hedonic test (performed by 30 subjects) on cocoa
flavour for the product formulations containing 15–35 %

cocoa powder (5.0 g in 40 mL 90 �C hot water) was conducted
since cocoa flavour is not easily measurable instrumentally to
assign as a response. The tasters considered a formulation with
25 % cocoa powder provided an adequate cocoa flavour,

which was used as a criterion to aid in optimizing the formu-
lation of the product. To estimate caking formation, 5.0 g of
each formulation was placed in air-tight plastic container

(120 mL) and incubated at room temperature for two months.
Subsequently, each formulation was carefully sieved to remove
its non-caking portion (using USA standard testing sieve No.

25). What was sieved out was weighed and expressed as degree
of caking (%) by weight (Zafar et al., 2017).

The water activity of each formulation was measured with
Resistive Electrolytic Hygrometer (Novasina, Switzerland).

The rheology for each formulation of the product (5.0 g in
40 mL 90 �C hot water) was measured at room temperature
by using rheometer (model Physics MCR 301, brand Anton

Paar, Germany). The rheological parameters of flow behaviour
index (n) and consistency index (K) were calculated based on
the logarithmic relationship between shear stress (g) and shear

rate (c) according to the flow curve of the power-law model:
g = Kc(n-1) (Björn et al., 2012).

2.2.3. Model fitting

The experimental data were fitted to develop the relevant mod-
els containing terms according to an empirical second-order
polynomial equation written as: Y = bo + Ʃbi Xi + Ʃbii
Xi2 + Ʃbij XiXj, where Y is the response variable (Ramlan
et al., 2022; Mohd Azzimi et al., 2018). The bo is the constant
coefficient, bi, bii and bij are the linear, quadratic and interac-

tion regression variables coefficient, respectively, while Xi and
Xij are input independent variable factors. For the analysis of
variance (ANOVA), the statistical significance of each overall
model, its coefficients of terms in the model and as well as lack

of fit (error) were accepted as significantly different at 95 %
level (p < 0.05).

2.3. Product sensory quality

Sensory evaluation of the formulated PDM was conducted
upon receiving the ethical approval (Ethics approval number:

UKM PPI/111/8/JEP-2019–741) from Universiti Kebangsaan
Malaysia Medical Centre, Kuala Lumpur, Malaysia. An in-
house acceptance test was performed using a 7-point hedonic
scale which is represented by a line, anchored at its ends with

the minimum and maximum degrees of acceptance for each
sensory attribute (1 = dislike very much and 7 = like very
much, respectively). Since the hedonic test is to be comple-

mented by quantitative descriptive analysis (QDA), only 30
subjects were selected as panelists to evaluate four sensory
properties (appearance, aroma, taste, texture and overall

acceptability) of formulations comparing with a commercial
powdered mix (CPM). The latter is a nutritious powder mix
product of soy protein drink from Italy. It is a soy-based

chocolate-flavoured powdered drink mix formulation without
additive of EBN related substances but containing other
numerous ingredients (milk protein, sucralose, xanthan gum
and silicon dioxide). Each formulation was served as hot drink

(5.0 g of each product mixed in 40 mL 90 �C hot water). CPM
was prepared in the dilution of 5.0 g per 48 mL 90 �C hot water
instead of milk as suggested. Samples were coded using three-

digit random numbers. QDA (Stone and Sidel, 1985) was con-



Table 1 Summary of RSM experimental factors and responses.

Formulation*

(Runs)

Factors Responses

Cocoa

powder (%)

Xanthan

gum (%)

Silicon

dioxide (%)

Water

Activity (Aw)

Consistency index

(Pa.sn)

Flow behavior

index (n)

Degree of

caking (%)

1 35 0.3 1 0.456 0.2124 0.346 26.4

2 25 0.13 0.75 0.445 0.0481 0.6859 41

3 25 0.97 0.75 0.456 0.3972 0.4444 27.2

4 35 0.8 1 0.457 0.5118 0.4192 20.6

5 35 0.3 0.5 0.433 0.1114 0.5167 62

6 25 0.55 0.75 0.44 0.3328 0.3967 35.4

7 35 0.8 0.5 0.451 0.5423 0.4035 19.4

8 25 0.55 1.17 0.44 0.2446 0.4402 69.4

9 25 0.55 0.75 0.432 0.2181 0.4466 48.2

10 25 0.55 0.75 0.44 0.2228 0.4875 56.2

11 15 0.8 1 0.435 0.3675 0.4852 59.8

12 15 0.3 1 0.443 0.1233 0.5594 52.8

13 25 0.55 0.75 0.442 0.405 0.3226 48.4

14 25 0.55 0.75 0.429 0.2067 0.5037 64

15 15 0.3 0.5 0.443 0.0835 0.6234 55.4

16 25 0.55 0.75 0.438 0.2704 0.4542 63

17 15 0.8 0.5 0.436 0.4535 0.4206 62

18 8.18 0.55 0.75 0.439 0.295 0.4691 79.2

19 25 0.55 0.33 0.433 0.2349 0.4468 60.8

20 41.82 0.55 0.75 0.465 0.6035 0.3052 38.4

* Powder drink mix served as hot beverage 5.0 g in 40 mL 90 �C hot water.
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ducted to appropriately evaluate the sensory properties of

PDM. Ten panelists were given training and focus group dis-
cussion was conducted to develop the sensory profile of the
products and ultimately decide with consensus on the appro-

priate terminology of sensory attributes to be used in QDA
(Fadzilah et al., 2022). The samples of the products that were
served as hot drink were coded using three random numbers.
The panelists used graphic line (15 cm) scales to give score rat-

ing on the sensory attributes. They evaluated 12 sensory attri-
butes in term of appearance (brown colour, clumpiness,
thickness, suspension, and sliminess), aroma (cocoa and

beany), taste (creaminess, sweetness, bitterness, beany and
aftertaste) by giving score rating. The CPM that was used in
the hedonic acceptance test was included as reference sample.

The scores of each sensory attribute were converted to numer-
ical measurements (in the range of 0–15) and statistically
analyzed.

2.4. Product antioxidant capacity

The measurement of PDM’s in vitro antioxidant capacity was
done on its water extract (a concentration of 125 mg/mL). The

latter was prepared by using solid-to-liquid ratio of 1:8 (5 g in
40 mL 90 �C hot water) as adopted in the sensory evaluation of
the food product. Solution for all ingredients were also pre-

pared separately in 40 mL 90 �C hot water where the amount
of each ingredient used corresponded to its quantity that make
up the 5 g weight of PDM. All solutions were vigorously stir-

red for 5 min and then let to cool down for a period of 30 min
before they were centrifuged and filtered. Antioxidant capacity
measurement was done on the filtrate of all samples that were

diluted in the concentration of 1 mg/mL, except for xanthan
gum and sucralose, 0.625 mg/mL and 0.075 mg/mL, respec-
tively. Four antioxidant assays were used, namely radical scav-
enging assays of 1, 1-diphenyl-2-piccryl hydrazyl (DPPH)

based on Yang et al. (2009), 2,2-azino-bis-3-ethylbenzthiazo
line-6-sulphonic acid (ABTS) as proposed by Wiriyaphan
et al. (2012), ferric reducing power (FRAP) as described by

Benzie and Strain (1996), and Folin-Ciocalteu reagent (FCR)
as proposed by Everette et al. (2010). Trolox (6-hydroxy-2,5,
7,8-tetramethylchroman-2-carboxylic acid) and gallic acid
were used as standards. The antioxidant activity was expressed

as trolox equivalents of product sample weight of (TE mg/g)
for DPPH, FRAP and ABTS, whereas gallic acid equivalents
(GAE mg /g) for FCR. All the required chemicals for the

assays were purchased form Sigma Chemical Co. (St. Louis,
MO, USA).

2.5. Statistical analysis

ANOVA and t-test on other relevant data of experiments were
conducted to verify significant differences among means

(p < 0.05) using IBM SPSS Statistics software version 22.

3. Result and discussion

3.1. Product formulation optimization

The conducted analysis of variance on the relationship
between independent variables (cocoa powder, silicon dioxide
and xanthan gum) and responses (water activity, rheological
behaviour and degree of caking) obtained significant quadratic

models (p < 0.05) where their lack of fit was insignificant
(p > 0.05). Table 2 shows the coefficients and their associated
probability of the all the reliable model terms that could be

included in the models (Equations 1 to 4), together with their
achievable coefficient of determination (adjusted R2 values).



Table 2 Coefficients of the model terms for responses of water activity, caking and rheological parameters.

Responses Model terms coefficients Adjusted R
2

Intercept A B C AB AC A2 B2

Equation 1

Water activity (Aw) 0.4364 0.0061 0.0016 0.0029 0.0043 0.0038 0.0049 0.0043 0.74

p-values 0.0006 0.2403 0.0495 0.0312 0.0524 0.0027 0.0057

Equation 2

Degree of caking (%) 55.2706 �12.4639 �4.2476 – �7.75 – – �8.4802 0.64

p-values 0.0004 0.1461 0.0491 0.0063

Equation 3

Consistency index (Pa.sn) 0.2517 0.0641 0.1428 – – – – – 0.81

p-values 0.0029 <0.0001

Equation 4

Flow behavior index 0.4258 �0.0499 �0.0544 – – – 0.0638 0.0467 0.58

p-values 0.0071 0.0040 0.0023 0.0086

A = cocoa powder, B = xanthan gum, C = silicon dioxide.
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The latter indicates the percentage of variation explained by

the independent variables that actually affect each dependent
variable. Overall, the models were considered good for predict-
ing outcome of responses. Fig. 1, shows the geometrical repre-
sentation of the independent variables plotted as a function of
Fig. 1 Geometrical representation of the independent variables (coc

(water activity, degree of caking, consistency index and flow behaviou
responses (water activity, degree of caking, consistency index

and flow behaviour index).
By setting the initial criteria of all the relevant parameters

of independent variables and responses and subsequently
changing them accordingly to achieve maximum desirability
oa powder and xanthan gum) plotted as a function of responses

r index) at an independent variable of silicon dioxide (1%).
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of 1 during the process of optimization, three optimum formu-
lations were attained. The obvious differences between formu-
lations are in terms of concentration levels of soybean, cocoa

and xanthan gum. Formulation 1 (F1) is composed of 25 %
cocoa powder, 0.5 % xanthan gum, and 70.44 % soybean
powder. Formulation 2 (F2) has 20 % the cocoa powder,

0.5 % xanthan gum and 75.44 % soybean powder, whereas
Formulation 3 (F3) has 25 % cocoa powder, 0.3 % xanthan
gum and 70.64 % soybean powder. The consistency index of

F1, F2 and F3 were about 0.223, 0.207 and 0.110 Pa.sn,
respectively.

3.2. Product sensory quality

The mean scores rating of the hedonic test for the four sensory
properties (appearance, aroma, taste and texture) were all
above the value of 4.0, stipulating not a single sensory attribute

of all the product formulations was disliked by the panelists
(except CPM, for the properties of appearance and texture).
Only appearance and texture sensory attributes showed signif-

icant differences between product formulations (p < 0.05).
The panelists most likely perceived appearance and texture
as the two most obvious sensory attributes that clearly differ-

entiated F1, F2 and F3 from CPM, resulting all formulations
of the developed product received higher scores rating than
CPM. With respect to texture, F1, F2 and F3 were considered
dispersible in hot water (90 �C) and free-flowing, unlike CPM

which was more viscous. Average across formulations of the
product, the mean scores rating for sensory attributes of
appearance, aroma, taste and texture were 5.38, 4.79, 4.40

and 4.99, respectively. The panelists’ differences in ratings
for overall acceptability (mean score 4.34) of product formula-
tions were not significant (p > 0.05). Their ranking preference

was in the order of F2 > F1 > F3 > CPM.
The QDA that was conducted complement the hedonic test.

The differences in sensory quality of all properties between the

product formulations were significant (p < 0.05), except for
brown colour, beany aroma, sweetness, aftertaste and suspen-
sion. The CPM received the lowest score rating for clumpiness,
bitterness, cocoa aroma and beany taste (mean scores of 2.92,

1.79, 2.34 and 4.97, respectively), but obtained the highest
score ratings for thickness, creaminess and sliminess (mean
scores 10.65, 5.79 and 9.92, respectively. Taking F1, F2 and

F3 into consideration, the panelists perceived all the formula-
tions had comparable quality of clumpiness (mean score range
6.43–8.23), beany taste (mean score range 6.31–7.16), creami-

ness (mean score range 2.71–3.00), thickness (mean score range
2.18–3.29) and sliminess (mean score range 2.65–2.95). For the
quality that is related to cocoa flavour, the differences of cocoa
aroma for F1 (mean score 6.10), F2 (mean score 3.80) and F3

(mean score 4.67) were not significant (p > 0.05). The panelists
rated F2 be the least bitter formulation with respect to cocoa
taste, where they ranked bitterness in the order of F3 (mean

score 5.50) > F1 (mean score 5.27) > F2 (mean score 3.85),
although the differences in the score ratings were not signifi-
cant (p > 0.05). The differences in score ratings for overall

acceptability between F1 (mean score 10.97) > F2 (mean score
10.50) > F3 (mean score 8.86) were not significant (p > 0.05).
The CPM (mean score 4.43) was the least preferred formula-

tion. Fig. 2 depicted the variability in the observations of score
rating for the designated sensory properties in the QDA of the
food products. The beverage of PDM was perceived as being
easier to swallow due to its liquid texture. Food texture is pos-
itively related to consistency index which influences swallowing

(Wendin et al., 2020). Probably, differences in chemical prop-
erties may also influence sensory evaluation. Proximate analy-
sis by the methods of (AOAC, 1990) indicates F1 and F2 have

comparable crude fat content (p > 0.05). However, F2 has sig-
nificantly lower content of ash (p < 0.05) and crude carbohy-
drate (p < 0.05), but significantly higher content of crude

protein (p < 0.05) as compared to F1. The crude protein,
crude carbohydrate and crude fat content of F2 was about
34.7 %, 48.0 % and 3.8 %, respectively.

3.3. Product antioxidant capacity

The water extracts of PDM (F2) as well as its ingredients are
shown to be antioxidative as measured by the four antioxidant

assays. Table 3 indicates only three antioxidant assays (ABTS,
FRAP and FCR) were capable in portraying the antioxidative
potential of all the food product’s ingredients. The linear cor-

relation between antioxidant assays is significant (ABTS versus
FRAP: R2 = 0.99, p < 0.05; ABTS versus FCR: R2 = 0.90,
p < 0.05; and FRAP versus FCR: R2 = 0.89, p < 0.05). The

differences of antioxidant capacity between antioxidant assays
are significant (p < 0.05), where there is no single antioxidant
assay excelled in giving high antioxidant capacity for all ingre-
dients. Clearly, this indicates the fact that the achievable

antioxidant capacity among others depends on antioxidant
assay chemistry apart from physicochemical properties and
concentration of antioxidants (Gulcin, 2020). Thus, it was

not surprising to see even silicon dioxide as a food additive
having certain amount of antioxidant capacity, higher than
sucralose. This behaviour of silicon dioxide could be due to

its nature as an amorphous silica. Its Si-O bonds are more
polar than Si-C bonds, which can exist as silicic acid (SiOH4)
in neutral solution. Chemistry involving of Si-O bonds is

important in grafting functional molecules that is appropriate
for many short-term drug delivery applications (Sailor, 2014).

The antioxidant capacity of water extract of soybean pow-
der, cocoa powder and all MCS products as measured by

FRAP was significantly higher than the rest of antioxidant
assays (p < 0.05), probably due to its specificity of reaction
with phenolic and flavonoid compounds. Bolanho and Beléia

(2011) observed the higher antioxidant capacity of several
soy products was correlated with total phenolic and flavonoid
compounds, where the significant differences of antioxidant

capacity (p < 0.05) as estimated by 3 assays were tend to be
in the order of FRAP > ABTS > DPPH. They postulated
the superior performance of FRAP to be due to the ability
of flavonoids to chelate metal apart from behaving as scaveng-

ing free radicals. According to Kostyuk et al. (2004) metals (Fe
and Cu) that catalyse the peroxidation reactions can be che-
lated by flavonoids.

The method of antioxidant assays varies primarily in term
of mechanisms, based either on single electron transfer (SET)
or hydrogen atom transfer (HAT) to quench free radicals

(Bibi Sadeer et al., 2020). ABTS involves both HAT and
SET reaction mechanisms. Unlike ABTS, the antioxidant
assays of DPPH, FRAP and FCR are based on SET that

reduces any compound, including metals, carbonyls and radi-
cals. The reaction mechanism of FCR is normally described as



Fig. 2 Spider chart displaying the range of scores for the sensory attributes as perceived by quantitative descriptive analysis (the relative

intensity of each attribute increases as it moves farther away from the centre).

Table 3 In vitro antioxidant capacity of ingredients (per g product) and whole products as portrayed by antioxidant assays in terms of

trolox equivalent (TE mg/g) and gallic acid equivalent (GAE mg/g).

Assay Ingredients/Products FCR (GAE mg /g) ABTS (TE mg/g) FRAP (TE mg/g) DPPH (TE mg/g)

Soybean powder 10.25 ± 0.34b 11.01 ± 0.74b 12.50 ± 0.37a 1.46 ± 0.03c

Cocoa powder 4.90 ± 0.33c 9.55 ± 0.57b 11.14 ± 0.14a 2.09 ± 0.03d

Spray-dried EBNH 0.49 ± 0.08b 0.79 ± 0.15a 0.36 ± 0.02b 0.05 ± 0.01c

Silicon dioxide 0.07 ± 0.009c 0.22 ± 0.02a 0.15 ± 0.03b 0d

Xanthan gum 0.04 ± 0.003b 0.12 ± 0.02a 0.06 ± 0.002b 0c

Sucralose 0.004 ± 0.001c 0.01 ± 0.001a 0.007 ± 7 � 10-4b 0d

A. PDM fortified with EBNH (expected*) 15.75 ± 0.56c 21.71 ± 0.18b 24.22 ± 0.24a 3.61 ± 0.08d

B. PDM without EBNH (expected*) 15.26 ± 0.61c 20.92 ± 0.22b 23.86 ± 0.22a 3.56 ± 0.07d

C. PDM fortified with EBNH (observed) 14.72 ± 0.29b 20.75 ± 0.30a 21.95 ± 1.18a 2.93 ± 0.19c

D. PDM without EBNH (observed) 13.47 ± 0.13c 19.48 ± 0.33b 21.17 ± 0.27a 2.79 ± 0.17d

Comparison of differences in antioxidant capacity between products #

A versus B Difference: 3.2 % Difference: 3.8 % Difference: 1.5 % Difference: 1.4 %

p = 0.367 p = 0.008 p = 0.129 p = 0.428

C versus D Difference: 9.3 % Difference: 6.5 % Difference: 3.7 % Difference: 5.0 %

p = 0.009 p = 0.008 p = 0.326 p = 0.404

A versus C Difference: 7.0 % Difference: 4.6 % Difference: 10.3 % Difference: 23.2 %

p = 0.066 p = 0.009 p = 0.031 p = 0.005

B versus D Difference: 13.2 % Difference: 7.4 % Difference: 12.7 % Difference: 27.6 %

p = 0.032 p = 0.003 p < 0.05 p = 0.002

Note: *sum of all the ingredients, # t-test (2 tailed) probability of significance for comparisons.

Different letters for means (±standard deviation) for each ingredient or product (A, B, C and D) in each row indicates significant difference

between antioxidant assays (p < 0.05).

PDM: powder drink mix.

EBNH: edible bird’s nest hydrolysates.
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an antioxidant capacity method that involves single electron
transfer preferably from hydroxyl group of substrates
(Santos-Sánchez et al., 2019). Besides phenols, FCR has been

reported to react with other antioxidants, such as proteins,
amino acids, carbohydrates, nucleotides, thiols, unsaturated
fatty acids, vitamins, amines, aldehydes and ketones.
Everette et al. (2010) through his thorough study of reactivity
of various compound classes toward FCR came in agreement

with other investigators in suggesting that FCR should be seen
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as a measure of total antioxidant capacity rather than phenolic
content alone.

Results in Table 3 indicated the antioxidant capacity of all

food additives by ABTS was significantly higher than other
antioxidant assays (p < 0.05), indicating the chemical proper-
ties of the compounds are accommodative to both HAT and

SET reaction mechanisms. Regarding EBNH, its antioxidant
capacity as measured by ABTS (0.79 ± 0.15 TE mg/g) is sig-
nificantly higher than the rest of antioxidant assays (p < 0.05).

Probably, this might be due to the combined effect of SET and
HAT reaction mechanisms of ABTS with the radical-
scavenging capability of EBNH peptides having various chain
length and amino acids composition. It is not possible to be

bias due to antioxidants of EBNH forming adducts with ABTS
radicals as suggested by Ilyasov et al. (2020) since such reac-
tion occurs specifically for antioxidants of phenolic com-

pounds which are most abundant in plants. Ghassem et al.
(2017) observed ABTS radical-scavenging activity is the high-
est and comparable to FRAP but significantly higher than

DPPH. They postulated EBNH has high ability as hydrogen
donor to produce non-radical species.

The antioxidant capacity of PDM beverage (12.5 % con-

centration, consistency index 0.39 ± 0.09 Pa.sn) as measured
by antioxidant assays of ABTS and FRAP was comparable
(p > 0.05) but significantly higher than FCR and DPPH
(p < 0.05). The observed antioxidant capacity of the EBNH

enriched PDM in terms of trolox equivalent (TE) and gallic
acid equivalent (GAE) are 21.95 ± 1.18 TE mg/g,
20.75 ± 0.30 TE mg/g, 14.72 ± 0.29 GAE mg/g and

2.93 ± 0.19 TE mg/g for FRAP, ABTS, FCR and DPPH,
respectively. On the contrary, for the beverage of PDM devoid
of EBNH, the observed antioxidant capacity for FRAP,

ABTS, FCR and DPPH are 21.17 ± 0.27 TE mg/g,
19.48 ± 0.33 TE mg/g, 13.47 ± 0.13 GAE mg/g and
2.79 ± 0.17 TE mg/g, respectively. Depending on antioxidant

assay, EBNH in PDM beverage contributed an increase in the
range of 3.7–9.3 % or about 6.0 % (average of four antioxi-
dant assays) to its overall antioxidant capacity. In the case
of FCR and ABTS, the difference in the observed antioxidant

capacity between those beverage of PDM that is enriched and
devoid of EBNH is significant (p < 0.05), an increase of about
9.3 % and 6.5 %, respectively.

Mixture of bioactive compounds have greater bioactivity
than a single compound because a mixture has the ability to
affect multiple targets and also the activity of one antioxidant

is dependent on the other (Sonam and Guleria, 2017). The
interactions among different antioxidant components can be
synergistic (the effect of two components is much greater the
sum of the effects of each compound given alone), antagonistic

(opposite of synergism) or additive. The latter is the interac-
tion where the combined effect of two or more components
is equal to the sum of the effect of each compound given alone.

To get the expected health benefit, it is preferred that the
changes in total antioxidant capacity resulting from the inter-
actions among the food components to be of additive or syn-

ergistic effects. Several research evidence from literature on
in vitro tests of food antioxidant mixtures indicated that the
antioxidant properties are not always the additive value of

individual mixture components or produce maximum synergis-
tic effect. Synergistic interaction is very sensitive and depends
on the types of different compounds in the combination and
also on their proportions. A particular combination may show
synergistic behaviour at one combination ratio while antago-
nistic at the other. Table 3 indicates that interaction among
the antioxidant activity of all the PDM’s ingredients that is

fortified with EBNH is antagonistic since the difference
between the expected and observed total antioxidant potential
is significantly higher (p < 0.05) for all antioxidants assays,

except FCR. In the case of PDM sample that is devoid of
EBNH, the interaction among the antioxidant activity of all
ingredients is also antagonistic for all antioxidant assays, since

the difference of antioxidant activity between expected and
observed not significant (p > 0.05). Wang et al. (2011) inves-
tigated the synergistic, additive and antagonistic effects of
the antioxidant capacity of different food mixture extracts

comprising of fruits, vegetables and legumes using in vitro
analysis by four antioxidant assays (FCR, FRAP, DPPH
and oxygen radical absorbance capacity). The results indicated

that within the same food category, 13, 68 and 21 % of the
combinations produced synergistic, additive and antagonistic
effect respectively.

4. Conclusion

Enriching PDM with EBNH is a way that improvises the availability

of bioactive glycopeptides to be consumed deliciously as a ready-to-

eat food containing soybean and cocoa powders as the major compo-

nents. It is much better compared to taking encapsulated hydrolysates

(0.15 g per capsule) or raw EBN (low solubility) on a daily basis to

acquire the functional effect of natural glycopeptides for the benefit

of human health. Raw EBN has to be tediously prepared as soup by

double boiling it with sugar because on its own the slimy soft and fishy

smell soup almost has no flavor. In the modern twist of preparing

REBN, soup has to include other ingredients such as fruits, herbs

and coconut milk that convert it to be a sweet high-energy-dense gelati-

nous texture beverage, served as breakfast or afternoon drink.

Served as hot beverage, the PDM has sufficient sweetness. It has no

unpleasant beany smell but instead possesses good aroma together

with adequate flavour and bitterness taste of cocoa. The cocoa flavour

managed to suppress the beany taste and smell of soybean. The sugar

free and high protein food product manifests a respectable functional

effect with respect to antioxidant capacity. The enrichment of the food

product with low amount of 3.0 % EBNH (in view of its high solubility

and cost) that is derived from white EBN originating from swiftlet

(Aerodramus fuciphagus) managed to contribute significant value-

added to the overall functional impact with respect to in vitro antiox-

idative potential. The food product is expected to have other func-

tional effects, has low glycemic response and it also can perform as a

satiating meal which need to be proven by conducting further studies.

Nowadays, beverages are no longer considered only as a thirst

quencher. Consumers look for specific functions in beverages. The

functionality in a beverage may be to address different needs and life-

styles, perhaps to increase energy, fight aging, overcome fatigue or

stress and avoiding certain diseases. Considering the health benefits

that the PDM is able to provide, we are confident that the product

can be accepted as a drink that will be highly in demand by adult con-

sumers of all ages, if the quality is maintained. The PDM differs in

many aspects compare to those concoction beverages presently avail-

able in the market that have EBN as an ingredient (raw and in form

still unmodified physically). Almost all of them are in the liquid form

of various flavours containing about two to eight major ingredients. It

is boosted that the drinks can benefit overall human health but such

claim is not supported with scientific evidence.

To meet consumers’ expectation and to be competitive in the mar-

ket, the PDM needs various appropriate attention from the aspects of

production, promotion and packaging strategy (for example, durabil-

ity of sachets material quality to sustain the expected shelf-life). Qual-
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ity control is critical during production process which involves formu-

lation and blending of ingredients to achieve a homogeneous mixture

product of PDM. The preparation of good quality EBNH at the initial

stage of production is a crucial step. It is the key to accomplish success

in producing the intended PDM that exhibits an extra functionality

coming from the presence of EBNH, added in low amount.
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