International Journal of Science and Research (1JSR)
ISSN: 2319-7064
SJIF (2022): 7.942

Optimization of Spray Drying Conditions for
Production of Barley Beer Powder

Desmond Antwi Arthur?, Ren Xiaofeng2

1.25¢chool of Food and Biological Engineering, Jiangsu University, 212013 Zhenjiang, Jiangsu, China

YE-mail: ashide87[at]yahoo.com
2E-mail: renxiaofeng[at]ujs.edu.cn

Abstract: The aim of this study was to use response surface approach to optimize spray drying operating parameters for barley beer
powder manufacture. As independent variables, the spray drying operating parameters were employed, which included inlet air
temperature (100-150°C), outlet air temperature (60-90°C), and carrier agent ratio. Moisture content, water activity, solubility, pH, and
product yield were among the responses assessed. The independent variables had a stronger impact on all of the responses studied,
according to the statistical analysis. The quadratic model's validity was tested by using the obtained optimum conditions for powder
manufacturing. The results showed that 150°C inlet air temperature, 81°C outlet temperature, and 1.7 (w/w) carrier agent were the best
spray drying operating parameters for producing high-quality barley beer powder. Barley beer powder with desirable features such as
low moisture content, low water activity, high solubility, and high yield might be generated under these ideal conditions.
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1. Introduction

Beer is a popular beverage and has its history stretching way
back to the earliest of centuries. The word beer has an
interesting history. It is sourced from a Latin word ‘bibere’
which means to drink. The Latin root is also the foundation
of the English word ‘beverage’ ™. The quantities of
volumes of beer produced makes it one of the most
important alcoholic beverages in the world. In 2020 about
1.78 billion hectoliters (one hundred and seventy eight
billion of hectoliters) were consumed while in the same year,
234m hl (two hundred and thirty four million hectoliters) of
wine were consumed [* ®. China is the world’s highest
producer of beer as well as in consumption . A total of 360
m hl (three hundred and sixty million of hectoliters) were
consumed in China representing 20.3% of the world’s
consumption average . By the year 2017, Tsingtao
brewery of China held a market share in terms of beer
beverage sales in China by 17.5 %. The others are shared
amongst the leading beer beverage companies in China as
well as the imported brands "' Beer, therefore is a
commodity of immense interest in the world.

Beer is made from barley malt, hops, water and fermented
by yeast . Adjuncts such as rice, wheat, millet, sorghum

are also added for various purposes ™ Water forms about 90%

of the total volume of beer beverage. The complex flavor is
made up of different compounds emanating from the raw
materials. There are approximately 400 compounds found in
beer and all these contribute to the flavor and other
properties of the beer ® % The product is known for its
usage both in celebratory and mournful moods. It’s also
endowed with various health benefits to the moderate
consumer. Beer is a polyphenol-rich drink that has lately
been linked to a lower risk of cardiovascular disease and
cancer. The antioxidant, anti-inflammatory and antifungal
properties of its phenolic components are among the ways
by which this effect occurs. This is generally as a result of
the antioxidant capacity of hop polyphenols ***"). Beer is

also considered for its prebiotic effects Y. It’s rather a
different story for some others who by virtue of religion,
medical, ethnic and social reasons do not consume beer. The
alcohol content, thus has been an impediment to such people.
A low or alcohol free beer beverage is therefore encouraged.

Drying has been used to produce food products with lower
moisture content and water activities. This process therefore
has been explored in producing products such as wine ©2,
pomegranate ! milk ®* fruits and vegetables " In these
products, their quality properties were analysed. Spray and
freeze drying are two drying technologies mostly used.
Powders with good quality, low water activity, longer shelf
life, and simplicity of transport are produced by drying. The
presence of low-molecular-weight sugars and acids with low
glass transition temperatures, spray and freeze dried powders
have several intrinsic difficulties, such as stickiness. The use
of high-molecular-weight carrier molecules such as
cyclodextrin can help overcome these issues 2 271,

RSM (response surface methodology) is a tool for analyzing
and optimizing complex food operations. It entails the
application of a set of mathematical and statistical processes
to investigate the relationship between one or more factors
(independent variables) and one or more answers (dependent
variables). Some process variables, such as inlet air
temperature, outlet temperature, feed concentration ratio and
so on, influence the physical qualities of powders produced
by spray and freeze drying ?®. As a result, it's important to
figure out what the best conditions are for producing high-
quality barley beer powder with high physical properties

2. Materials and Methods
2.1 Materials
The barley beer, Tsingtao Beer Light (Tsingtao Brewery

Company Limited, Qingdao, China) was bought from
Auchan supermarket (Wuxi city, Jiangsu, China). The solid
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matter content was measured to be 3°Brix by a Brix
temperature compensating refractometer (PAL-1 0-32,
Atago Co., Japan). The B-Cyclodextrin was purchased from
Xi'an Yuhua Biotechnology Co., Ltd. Other chemicals and
solvents (HPLC or analytical grades) were obtained from
Shanghai Chemical Reagent Co. (Shanghai, China).

2.2 Preparation of the barley beer powders

The microencapsulated samples were made by combining
liquid beer (LB) samples with B--Cyclodextrin (B--CD) for
encapsulation potential. The treated mixture was mixed and
then constantly agitated with a Minimag magnetic stirrer
(Benchmark Scientific, New Jersey, USA) at 800 rpm.

2.3 Spray drying of the barley beer powder

For the spray drying process, a pilot plant-scale spray dryer

QZR-5 (Linzhou Drying Equipment Co., Ltd., Wuxi, China).

The feed mixture in a beaker placed under magnetic
agitation at room temperature (25°C) was fed into the drying
chamber through a peristaltic pump with a drying airflow
rate of 0.35 m*/min. The spray drying process was carried
out using the rotary disc atomizer at a speed of 32000 rpm.
The drying air inlet flow rate, feeding speed and feed
temperature were kept in conformity with the inlet and outlet
air temperatures throughout the experiment. The obtained
powders were collected in an insulated glass bottle
connected at the end of the cyclone after drying while the
powders that remained in the chambers were discarded

2.4 Determination of the physical properties of the
powder

2.4.1 The moisture content

The moisture content of beer powder samples was
ascertained using an oven-dry method. One gram of sample
was carefully measured and dried in a vacuum oven (Binder
Vacuum Oven, VDL 53; Binder GmbH, Tuttlingen,
Germany) at 70 °C until constant weight was obtained and
the analysis was performed in triplicate. The final moisture
content was calculated as the ratio of the total weight of
moisture loss to the total weight of the powder sample.

2.4.2 The water activity (a,)
The water activity (a,) was measured using the water
activity meter (AqualLab, Decagon Devices, USA).

2.4.3 The pH
The pH was determined using a pH meter (PHS-3C, INESA,
Shanghai, China).

2.4.4 The water solubility index (WSI)

The water solubility index (WSI) was determined.
Approximately 1 g of the beer powder was mixed with
distilled water (30 mL) and stirred for 30 min using the
Minimag magnetic stirrer (Benchmark Scientific, New

Jersey, USA). The mixture was centrifuged at 8600 g for
30min (25°C). The supernatants were collected and oven-
dried (103 + 2°C). The WSI was determined as a percentage
(%) of the dried supernatant per gram of sample.

2.4.5 The powder yield
The powder yield was evaluated as the percentage of the
total solids collected to the total solids provided in the feed
suspension.

beer powder(g)

Yield = X 100 1
£ beer powder(g) + carrier agent(g) (1)

2.5 Experimental Design

The design of experiments was made using the Box-
Behnken Design (BDD) Method (Design-Expert 11) of
Response Surface Method (RSM). RSM is a vital tool
employed in the analysis and evaluation of experimental
data for optimizing conditions in product developments. Its
ability to combine multiple variables to achieve favorable
responses makes it a good methodology in this research. A 3
factor and 5 responses giving 17 experimental runs were
used. The inlet air temperature, output temperature, and
carrier agent were the independent variables that influenced
the end product's quality. A range of variables must be
chosen before an experiment can be designed using RSM.
The pre-trials were used to determine the variables'
maximum and minimum values. As a result, the inlet air
temperature range was set to 100-150°C, the outlet
temperature was set to 60-90°C, and the carrier agent ratio
was set at 0-2 (w/w) as shown in Table 1. Physical
parameters of barley beer powder were measured using
response factors such as water activity, moisture content, pH,
solubility, and product yield.

A second-order polynomial equation was fitted to correlate
each factor to the response. The equation was:

Y =ﬁ¢+iﬁl X&i iﬂ” x,};,+i B X (2

{i=1) i=1 (j=i+l) [i=1)

Where Y = predicted response variable, 5, = intercepts, f; =
linear regression coefficients, f; = second-order regression
coefficients and f; = interaction regression coefficients, all
estimated by the model and X; and X; = values of the
independent variables.

The overall Desirability Index (DI) was the basis for
selection of the optimized parameters ac-cording to the

relation: y
DI = H_[; d; [}n-}] ) (3)

Where d; = DI (0 to 1) for the dependent variable and y; =
response.
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Table 1: BBD matrix with experimental design and data for the barley beer powder

Drying Factors (Actual and Coded Values) Responses
Run [Inlet Temp (°C)|Outlet Temp (°C)|Carrier Agent (w/w)| Moisture Content (%) | Water Activity | Solubility (%) | pH | Yield (%)
X1 Xz Xg
1 100 (-1) 60 (-1) 1(0) 6.23 6.23 91.9 4.13 62.73
2 150 (+1) 75 (0) 2 (+1) 4.91 4.91 92.1 4.12 53.61
3 125 (0) 75 (0) 1(0) 5.61 5.61 92.9 4.21 60.84
4 100 (-1) 75 (0) 2 (+1) 4.53 4.53 93.2 4.13 55.15
5 125 (0) 75 (0) 1(0) 5.68 5.68 92.6 4.21 61.28
6 100 (-1) 90 (+1) 1(0) 3.98 3.98 90.3 4.15 59.06
7 125 (0) 60 (-1) 0(-1) 7.58 7.58 90.6 4.3 53.79
8 125 (0) 90 (+1) 2 (+1) 3.47 3.47 93.5 4.27 55.62
9 125 (0) 90 (+1) 0(-1) 5.46 5.46 89.4 4.26 55.23
10 125 (0) 75 (0) 1(0) 5.54 5.54 92.7 4.25 60.96
11 150 (+1) 90 (+1) 1(0) 4.76 4.76 91 4.2 61.53
12 100 (-1) 75 (0) 0(-1) 6.47 6.47 91.9 4.08 57.78
13 125 (0) 60 (-1) 2 (+1) 5.76 5.76 90.4 4.24 52.22
14 150 (+1) 60 (-1) 1(0) 7.15 7.15 87.7 4.2 52.85
15 125 (0) 75 (0) 1(0) 5.75 5.75 92.8 4.27 61.19
16 125 (0) 75 (0) 1(0) 6.04 6.04 92.3 4.25 60.91
17 150 (+1) 75 (0) 0(-1) 7.13 7.13 89.5 4.2 52.37

Note: All the responses are mean values of three replicates.
2.6 Statistical Analysis

Design Expert Software was used to create the experimental
designs as well as the statistical analysis for the optimization
(version 11.0.5.0, STAT-EASE, Inc., Minneapolis, USA).
MINITAB v18.1 software was used to screen the variables
(Minitab Inc., Pennsylvania, USA). The P-test, the lack of fit
test, and the coefficient of determination (R?) were used to
assess model accuracy at p < 0.05, 0.01, and 0.001. All of
the experiments were done in triplicate, and the data was
analysed using Microsoft Excel 2016. (Microsoft
Corporation, Redmond, WA, USA). Tukeys' test was
performed to compare the means at p < 0.05, and the values
were reported as mean standard deviation.

3. Results and Discussions

Table 1 presents the numerical values of the responses for
each experimental run. Table 2 shows the ANOVA findings
for each response variable, as well as its significance at the
95 percent confidence level and correlation coefficient. The
fitted models were found to be suitable based on the
ANOVA data, with significant regression, low residual
values, no lack of fit, and satisfactory determination
coefficients (R?) of 0.9884, 0.9926, 0.9947, 0.9515, and
0.9992 for moisture content, water activity, solubility, pH,
and vyield, respectively. Each response's graphical
representation was created as a simultaneous function of the
independent factors' significance to the response

Table 2: ANOVA, regression analysis and optimal conditions for barley beer powder

Source Moisture Content (%)| Water Activity Solubility (%) pH Yield (%)
F-value | p-value |F-value| p-value |F-value| p-value |F-value| p-value |F-value| p-value
Model 66.54 |<0.0001" |103.65 |[<0.0001" | 146.32 [<0.0001""| 15.26 | 0.0008™ |989.11 |<0.0001™
Linear
X 29.11 | 0.0010° | 8.91 | 0.0204" |197.58 [<0.00017 | 15.15 | 0.0060" |1008.60[<0.0001""
X, 317.53 [<0.0001"" |248.54 [<0.0001" | 52.26 | 0.0002 " |0.0286 | 0.8704™° | 474.55 |<0.0001"
Xs 246.27 |<0.0001"" | 140.36 [<0.0001" | 245.32 |<0.0001™"| 1.83 |0.2178™° | 32.31 | 0.0007™
Interactions
AB 0.1520 | 0.7082"° [0.4351 | 0.5306™° |193.63 [<0.00017 | 0.2291 | 0.6468™° [1492.02|<0.0001""
AC 0.6079 | 0.4611™° | 48.89 | 0.0002" | 13.63 | 0.0077" | 9.68 | 0.0170" |146.51 |<0.0001"
BC 0.2241 | 0.6504™° [128.72 |<0.00017"|149.11 [<0.00017| 2.81 | 0.1378™ | 37.58 | 0.0005
Quadratic
A? 0.0001 | 0.9934" [0.3547 | 0.5702"° | 102.21 |<0.00017"| 99.39 [<0.0001™ | 90.34 [<0.0001""
B? 4.88 0.629"° [137.39 [<0.00017"| 333.73 [<0.0001™"| 10.83 | 0.0133" |258.67 |<0.0001""
C? 0.1764 | 0.6871"° |[200.45 [<0.00017"| 1.88 | 0.2132"° [0.1544 | 0.7061™° |5107.81|<0.0001""
Fitting statistics
Lack of fit | 0.6820 | 0.6078 ™ |0.2476 |0.8596 "> | 0.0314 |0.9914 ™ [0.0810 | 0.9669™° |0.3310 | 0.8048™°
R? 0.9884 0.9926 0.9947 0.9515 0.9992
Adjusted R> | 0.9736 0.9830 0.9879 0.8892 0.9982
Predicted R | 0.9255 0.9715 0.9900 0.8841 0.9965
Adeg. Precision |30.8967 39.3472 42.9508 13.2625 85.8108
C.V.% 3.18 1.47 0.1925 0.4969 0.2751
Standard Dev. | 0.1796 0.0038 0.1761 0.0209 0.1599
Mean 5.65 0.2572 91.46 4.20 57.48
Optimization equations:
Moisture Content (%) = 5.72 + 0.3425X;.1.13X,.0.9962X;
Volume 11 Issue 4, April 2022
WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY
Paper ID: SR22422005042 DOI: 10.21275/SR22422005042 1134



International Journal of Science and Research (1JSR)

ISSN: 2319-7064
SJIF (2022): 7.942

Water Activity = 0.2352-0.0040X,.0.0211X,.0.0159X5.0.0132X, X5+ 0.0215X,X;5 + 0.0216X,° + 0.0262X5>
Solubility = 92.66-0.8750X; + 0.4500X, + 0.9750X; + 1.22X; X, + 0.3250X; X5 + 1.07X,X5.0.8675X;%1.57 X,

pH= 4.24 + 0.0288X,-0.0325X,X5.0.1015X,% + 0.0335X,°

Yield= 61.04-1.79X; + 1.23X,.0.3213X5 + 3.09X; X, + 0.9675X; X5 + 4900X,X3.0.7405X,%1.25X,75.57 X5

Abbreviations: * = p <0.05; ** = p <0.01; *** = p <0.001 and NS = not significant.

3.1 Moisture content
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Figure 1: Response surface on the moisture content by inlet air temperature, outlet air temperature and carrier agent

Moisture content is a vital property associated with the
overall quality and shelf life of the powder . The flavour,
aroma, and colour of very low moisture food product may
disappear, while a high moisture product can become sticky
and may not be suitable for long-term storage. The moisture
content of barley beer powder prepared under different
experimental conditions was in the range of 3.47 to 7.58%
dry basis (Table 1). Figure 1 represents the effect of inlet air
temperature, outlet air temperature and carrier agent ratio on
the moisture content of barley beer powder. The moisture
content decreased with an increase in inlet air temperature
and outlet air temperature as evident from Figure 1A. The
coefficients of the second order terms variables indicated
that the moisture content decreased with the increase in
outlet air temperature as well as carrier agent ratio (figure
1B and 1C). The moisture content of powder decreased from
6.28% to 4.77% (d. b.) when inlet air temperature increased
from 101.14°C to 149.47°C at constant carrier agent ratio of
1 (w/w) (Fig 1a). The moisture content (4.8% d. b.) of the
powder was found lowest at 150°C inlet air temperature,
81°C and 1.7 (w/w) carrier agent ratio whereas, highest
moisture content (7.58% d. b.) was observed at 125°C inlet
air temperature, 60°C outlet air temperature and O carrier
agent. Outlet air temperature and carrier agent ratio
negatively influenced the moisture content of powder (Eq.4).
It can also be observed from the Table 2 that the inlet air

temperature, outlet air temperature and carrier agent ratio
significantly (p <0.01) affected the moisture content of the
powder. Higher inlet air temperature creates a greater
temperature gradient between atomized feed and drying air,
thereby providing greater driving force for removal of
moisture. In the past also, some researchers have reported
lower moisture content in the product at high inlet air
temperature of the spray dryer 4. This may be due to the
generation of high hot air during drying, which might have
trapped the moist air that was found in the fed product and it
might have reduced the moisture content to a greater extent
(%8} Further, the higher carrier agent ratio helps in
microencapsulation with increased surface area and thereby
resulting in lower moisture content in the final product. It is
evident that by regulating inlet air temperature and carrier
agent as well as outlet air temperature during spray drying,
the moisture content in the powder can be controlled. The
relationship between moisture content and independent
variables are mentioned as below through Equation (4).

Moisture Content (% db) = +5.72 + 0.3425X;.1.13X,.
0.9962X3(4)
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Figure 2: Response surface on the water activity by inlet air temperature, outlet air temperature and carrier agent

The minimum water activity value of barley beer powder
were determined as 0.227 at 150 °C inlet air temperature, 75
°C outlet temperature and 2 (w/w) carrier agent ratio.
According to Pthe minimum value of water activity of
spray dried water melon powder was 0.20 at inlet air
temperature of 145 °C and outlet temperature of 95.4 °C.
The dried products with water activity values under 0.60
considered as stable for browning and hydrolytical reactions,
lipid oxidation and enzymatic reactions 3 According to
results we can say barley beer powder is a safety product
against detrimental chemical and microbiological reactions.
Water activity values of barley beer powders were
significantly affected by linear effect of the outlet air
temperature and carrier agent ratio as well as the interaction
between the outlet air temperature and carrier agent ratio.

Water activity increases with decreasing of the inlet
temperature (Table 1). Figure 2c shows elliptical contour
plot that indicate there is an interaction between outlet air
temperature and carrier agent ratio. It can be observed from
figure that an increase in outlet air temperature cause
decrease in water activity of barley beer powder samples.

The relationship between water activity and independent
variables are mentioned as below through Equation (5).
Water Activity = 0.2352-0.0040X,.0.0211X,.0.0159X5.
0.0132X; X5+ 0.0215X,X;5+ 0.0216X,° + 0.0262X4" ....... )
where, X;= inlet air temperature (°C), X, = outlet air
temperature (°C),, X5 = carrier agent ratio (w/w)

3.3 Solubility
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Figure 3: Response surface on the solubility by inlet air temperature, outlet air temperature and carrier agent

From Equation (6), it is clear that a decrease in the carrier
agent ratio as well as a marginal increase in the inlet air
temperature and outllet air temperature increased the
solubility of the barley beer powder. This may be due to the
presence of less amount of insoluble residue and formation

of very few lumps as a result of the use of the drying process.

Increase in solubility was reported during drying of
persimmon pulp ¥ and soluble sage .

The relationship between moisture content and independent
variables are mentioned as below through Equation (6).
Solubility = 92.66-0.8750X; + 0.4500X, + 0.9750X; +
1.22X:X, +  0.3250X,X; +  1.07X,X50.8675X,*
1.57X%....... .(6)

where, X;= inlet air temperature (°C), X, = outlet air
temperature (°C),, X3 = carrier agent ratio (w/w)

3.4 pH
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Figure 4: Response surface on the pH by inlet air temperature, outlet air temperature and carrier agent

The lowest pH value of barley beer powder was determined
as 4.08 at the 100 ° C inlet air temperature, 75 ° C outlet air
temperature and O carrier agent ratio. From the table 2, the
inlet air temperature had significant (p>0.01) effect on the
pH of the barley beer powder. Results of figure 4 a-c suggest
that conditions have little effect on pH values of barley beer
powder

pH= 424 + 0.0288X;-0.0325X,X5.0.1015X,*>  +
0.0335X,% ....... (7
where, X;= inlet air temperature (°C), X, = outlet air

temperature (°C),, X5 = carrier agent ratio (w/w)

3.5 Product yield
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Figure 5: Response surface on the product yield by inlet air temperature, outlet air temperature and carrier agent

In the literature it has been described how the product yield
is affected by the inlet air temperature and carrier agent ratio.
It has been reported that higher product yields resulted from
higher drying temperatures in the case of spray dried
pomegranate powder F%!. These variations could be related
to different feed compositions and process conditions during
spray drying. A low inlet temperature will not provide
enough heat to dry the product, and wet powders will easily
stick to the chamber wall (generally, only those powders
collected in the container are regarded as effective), so the
drying yield will decrease “™. The drying yield values
ranged between 44.4 and 57.3%. These results are similar to
those obtained by “44.

Yield= 61.04-1.79X; + 1.23X,0.3213X3; + 3.09X X, +
0.9675X1X;5 + 4900X,X5.0.7405X,%1.25X,%5.57X5> .........
®)

where, X;= inlet air temperature (°C), X, =
temperature (°C),, X5 = carrier agent ratio (W/w)

outlet air

3.6 Optimization of beer powder processing

Table 3: Criteria and outputs of the numerical optimization
of the responses for barley beer

. Lower | Upper
Variables Goal Limit Lfnﬂit Importance
Inlet Temp maximize | 100 150 4
Outlet Temp minimize | 60 90 4
Carrier Agent  lisinrange| O 2 4
Solubility maximize | 87.7 | 93.5 4
Moisture content | minimize | 3.47 | 7.58 4
pH minimize | 4.08 4.3 4
Yield maximize | 52.22 | 62.73 4
Water Activity | minimize | 0.227 | 0.343 4

Numeric and graphic optimizations were carried out for the
process parameters of the barley beer powder. The desired
goals for each variable and response were chosen as
summarized in Table 3. The limit for each variable was
narrowed down to obtain an optimal region. Each goal was
chosen to be as follows: to minimize and also to maximize
based on the moisture content, water activity, solubility, pH
and product yield of the developed product, because at this
desired level only the free flowing characteristics of the
barley beer powder can be obtained i. e. by using low
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moisture content level; improved physical properties can be
achieved by maximizing the levels of solubility.

The software generated optimum conditions of independent
variables with the predicted values of responses; in the inlet
air temperature at maximum level 150 °C, minimum outlet
air temperature of 81°C and minimum carrier agent ratio of
1.7 (w/w) for achieving the minimum moisture content
4.80%, minimum water activity 0.224, minimum pH 4.14,
maximum solubility 92.53%, maximum product vyield
57.698 %. For validation of results, the barley beer was
spray dried using the optimized conditions and analyzed for
various responses.

4. Conclusions

Seventeen different runs according to the BBD were used to
study the physical parameters of barley beer powder at
various levels of inlet air temperature, outlet air temperature
and carrier agent ratio. The response surface methodology
was used to optimize the processing conditions using
moisture content, water activity, solubility, pH and product
yield as responses. The models for moisture content,
moisture content, water activity, solubility, pH and product
yield were statistically significant. By superimposing the
graphs, an optimum spray-drying process i. e. inlet air
temperature level of 150 °C, outlet air temperature 81 °C
and carrier agent ratio 1.7 (w/w) for drying barley beer was
recommended  with predicted responses close to
experimental values. The barley beer powder sample
developed using the optimized spray-drying process were
stored further tests.

References

[1] Buiatti, S. Beer Composition: An Overview. In Beer in
Health and Disease Prevention; Preedy, V. R., Ed,;
Academic Press Inc., 2008; pp 213-225. https: //doi.
0rg/10.1016/B978-0-12-373891-2.00020-1.

[2] Holdings, K. Global Beer Consumption by Country in
2020 https: [hvww . kirinholdings.
com/en/newsroom/release/2019/1224 01. html
(accessed Apr 21, 2022).

[3] Karlsson Per, K. B. Wine Consumption In The World
2020 In Decline, A Detailed Look https: //www.forbes.
com/sites/karlsson/2021/12/31/wine-consumption-in-
the-world-2020-in-decline-a-detailed-look/  (accessed
Apr 21, 2022).

[4] Conway, J. World beer production https:
/lwww.statista. com/statistics/270275/worldwide-beer-
production/ (accessed Apr 21, 2022).

[51 Ma, Y. Beer Sales of Tsingtao Brewery Group in
China from 2012 to 2021. Statista: New York 2022.

[6] Harrison M. A; Albanese Jnr., J. . Beer/Brewing. Ref.
Modul. Life Sci., 2017, No. September 2016, 1-11.

https: //doi. org/10.1016/B978-0-12-809633-8.13014-6.

[7] Stewart, G. Adjuncts; Elsevier Inc., 2016. https: //doi.
0rg/10.1016/B978-0-12-799954-8.00002-2.

[8] IARC. IARC MONOGRAPHS ON THE EVALUATION
OF CARCINOGENIC RISKS TO HUMANS, 44th ed.;
By, I. A. for R. on C., Ed.; World Health Organization:
Lyon, 1988; VVol.44.

[91 Hughes, P. Beer Flavor. In Beer: A Quality Perspective

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

(Handbook of Alcoholic Beverages); Russell, I.,
Bamforth, C. . W., Stewart, G. G., Eds.; Academic
Press Inc., 2009; pp 61-83. https: //doi.
0rg/10.1016/B978-0-12-669201-3.00002-6.

Proestos, C.; Komaitis, M. Antioxidant Capacity of
Hops;  Elsevier  Inc.,, 2008. https:  //doi.
0rg/10.1016/b978-0-12-373891-2.00045-6.
Saura-Calixto, F.; Serrano, J.; Pérez-Jiménez, J. What
Contribution Is Beer to the Intake of Antioxidants in
the Diet?; Elsevier Inc.,, 2008. https: //doi.
0rg/10.1016/b978-0-12-373891-2.00042-0.

Gerhéauser, C. Phenolic Beer Compounds to Prevent
Cancer; Elsevier Inc.,, 2008. https: //doi.
0rg/10.1016/b978-0-12-373891-2.00068-7.

Yang, D.; Gao, X. Research Progress on the
Antioxidant Biological Activity of Beer and Strategy
for Applications. Trends Food Sci. Technol., 2021, 110
(February), 754-764. https: //doi. 0rg/10.1016/j.
tifs.2021.02.048.

Young, C. Y. F. Use of Quercetin in Prostate Cancer
Cell;  Elsevier  Inc., 2008. https:  //doi.
0rg/10.1016/b978-0-12-373891-2.00088-2.

Woodman, O. L. Vasoactivity of Flavonols, Flavones
and Catechins; Elsevier Inc., 2008. https: //doi.
0rg/10.1016/b978-0-12-373891-2.00085-7.

Frolich, S. Antimalarials from Prenylated Chalcone
Derivatives of Hops. Beer Heal. Dis. Prev., 2008, 747—
752. https: //doi. 0rg/10.1016/b978-0-12-373891-
2.00075-4.

Baek, S. J.; Lee, S. H. Anti-Cancer Property of
Epicatechin Gallate in Colon Cancer Cells; Elsevier
Inc., 2008. https: //doi. 0rg/10.1016/b978-0-12-
373891-2.00087-0.

Ferreira, I. M. P. L. V. O. Beer Carbohydrates. Beer
Heal. Dis. Prev.,, 2008, 291-298. https: //doi.
0rg/10.1016/b978-0-12-373891-2.00027-4.

Bamforth, C. W.; Gambill, S. C. Fiber and Putative
Prebiotics in Beer. J. Am. Soc. Brew. Chem., 2007, 65
(2), 67-69. https: //doi. org/10.1094/ASBCJ-2007-
0306-01.

Kanyer, A. J.; Bornhorst, G. M.; Marco, M. L,
Bamforth, C. W. Is Beer a Source of Prebiotics? J. Inst.
Brew., 2017, 123 (3), 361-365. https: //doi.
0rg/10.1002/jib.439.

Bamforth, C. W. Beer and Health. In Beer: A Quality
Perspective (Handbook of Alcoholic Beverages);
Russell, I., Bamforth, C. . W., Stewart, G. G., Eds;
Academic Press, Inc., 2009; pp 229-253. https: //doi.
0rg/10.1016/B978-0-12-669201-3. X0001-2.
Wilkowska, A.; Czyzowska, A.; Ambroziak, W.;
Adamiec, J. Structural, Physicochemical and
Biological Properties of Spray-Dried Wine Powders.

Food Chem., 2017, 228, 77-84. https: //doi.
0rg/10.1016/j. foodchem.2017.01.115.

Roustapour, O. R.; Azad, N. M.; Sarshar, M.
Determination of Pomegranate Juice Powder

Properties Produced by a Pilot Plant Spray Dryer with
a Two-Fluid Nozzle. Dry. Technol., 2012, 30 (16),
1906-1917. https: /[doi.
0rg/10.1080/07373937.2012.707720.

Castro-Albarran, J.; Aguilar-Uscanga, B. R.; Calon, F.;
St-Amour, I.; Solis-Pacheco, J.; Saucier, L.; Ratti, C.
Spray and Freeze Drying of Human Milk on the

Volume 11 Issue 4, April 2022

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: SR22422005042

DOI: 10.21275/SR22422005042

1138



International Journal of Science and Research (1JSR)
ISSN: 2319-7064
SJIF (2022): 7.942

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

Retention of Immunoglobulins (IgA, 1gG, IgM). Dry.
Technol., 2016, 34 (15), 1801-1809. https: //doi.
0rg/10.1080/07373937.2016.1141781.

Dolinsky, A.; Maletskaya, K.; Snezhkin, Y. Fruit and
Vegetable Powders Production Technology on the
Bases of Spray and Convective Drying Methods. Dry.
Technol., 2000, 18 (3), 747-758. https: //doi.
0rg/10.1080/07373930008917735.

Peng, Z.; Li, J.; Guan, Y.; Zhao, G. Effect of Carriers
on Physicochemical Properties, Antioxidant Activities
and Biological Components of Spray-Dried Purple
Sweet Potato Flours. LWT-Food Sci. Technol., 2013,
51 (1), 348-355.  https: //doi. 0rg/10.1016/j.
Iwt.2012.09.022.

Mufioz-ruiz, A.; Paronen, P. Particle and Powder
Properties of Cyclodextrins. linternational J. Pharm.,
1997, 148, 33-39.

Muzaffar, K.; Dinkarrao, B. V.; Kumar, P.
Optimization of Spray Drying Conditions for
Production of Quality Pomegranate Juice Powder.
Cogent Food Agric., 2016, 76 (1), 1-9. https: //doi.
0rg/10.1080/23311932.2015.1127583.

Kha, T. C.; Nguyen, M. H.; Roach, P. D. Effects of
Spray Drying Conditions on the Physicochemical and
Antioxidant Properties of the Gac (Momordica
Cochinchinensis) Fruit Aril Powder. J. Food Eng.,
2010, 98 (3), 385-392. https: //doi. org/10.1016/j.
jfoodeng.2010.01.016.

Sanchez, V.; Baeza, R.; Galmarini, M. V.; Zamora, M.
C.; Chirife, J. Freeze-Drying Encapsulation of Red
Wine Polyphenols in an Amorphous Matrix of
Maltodextrin. Food Bioprocess Technol., 2013, 6 (5),
1350-1354. https: //doi. 0rg/10.1007/s11947-011-
0654-z.

Atalar, I.; Dervisoglu, M. Optimization of Spray
Drying Process Parameters for Kefir Powder Using
Response Surface Methodology. LWT-Food Sci.
Technol.,, 2015, 60 (2), 751-757. https: //doi.
0rg/10.1016/j. Iwt.2014.10.023.

Saikia, S.; Mahnot, N. K.; Mahanta, C. L. Effect of
Spray Drying of Four Fruit Juices on Physicochemical,
Phytochemical and Antioxidant Properties. J. Food
Process. Preserv., 2015, 39 (6), 1656-1664. https:
/ldoi. org/10.1111/jfpp.12395.

Horuz, E.; Altan, A.; Maskan, M. Spray Drying and
Process Optimization of Unclarified Pomegranate
(Punica Granatum) Juice. Dry. Technol., 2012, 30 (7),
787-798. https: //doi.
0rg/10.1080/07373937.2012.663434.

Hedegaard, R. V.; Skibsted, L. H. Shelf-Life of Food
Powders. In Handbook of Food Powders: Processes
and Properties; Bhandari, B., Bansal, N., Zhang, M.,
Schuck, P., Eds.; Woodhead Publishing Limited, 2013;
pp 409-434. https: /[doi.
0rg/10.1533/9780857098672.2.409.

Quek, S. Y.; Chok, N. K.; Swedlund, P. The
Physicochemical Properties of Spray-Dried
Watermelon Powders.2007, 46 (December 2005), 386—
392. https: //doi. org/10.1016/j. cep.2006.06.020.
Marques, L. G.; Ferreira, M. C.; Freire, J. T. Freeze-
Drying of Acerola (Malpighia Glabra L.). Chem. Eng.
Process. Process Intensif., 2007, 46 (5), 451-457. https:
/ldoi. org/10.1016/j. cep.2006.04.011.

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

Boateng, I. D.; Yang, X. M.; Tahany, A. A. A,; Li, Y.
Y.; Yolandani. Drying Methods Affect Organoleptic
and Physicochemical Properties of Rehydrated Ginkgo
Seed Slices. Ind. Crops Prod., 2021, 160 (November),
113166. https: /ldoi. 0rg/10.1016/j.
indcrop.2020.113166.

Du, J.; Ge, Z. Z.; Xu, Z.; Zou, B.; Zhang, Y.; Li, C. M.
Comparison of the Efficiency of Five Different Drying
Carriers on the Spray Drying of Persimmon Pulp
Powders. Dry. Technol., 2014, 32 (10), 1157-1166.
https: //doi. org/10.1080/07373937.2014.886259.
Sahin-Nadeem, H.; Dinger, C.; Torun, M.; Topuz, A,;
6zdemir, F. Influence of Inlet Air Temperature and
Carrier Material on the Production of Instant Soluble
Sage (Salvia Fruticosa Miller) by Spray Drying. LWT-
Food Sci. Technol., 2013, 52 (1), 31-38. https: //doi.
0rg/10.1016/j. Iwt.2013.01.007.

Daza, L. D.; Fujita, A.; Favaro-Trindade, C. S,
Rodrigues-Ract, J. N.; Granato, D.; Genovese, M. I.
Effect of Spray Drying Conditions on the Physical
Properties of Cagaita (Eugenia Dysenterica DC.) Fruit
Extracts. Food Bioprod. Process., 2016, 97, 20-29.
https: //doi. org/10.1016/j. fbp.2015.10.001.

Kumar, S.; Gokhale, R.; Burgess, D. J. Sugars as
Bulking Agents to Prevent Nano-Crystal Aggregation
during Spray or Freeze-Drying. Int. J. Pharm., 2014,
471 (1-2), 303-311. https: //doi. org/10.1016/j.
ijpharm.2014.05.060.

Focaroli, S.; Mah, P. T.; Hastedt, J. E.; Gitlin, I
Oscarson, S.; Fahy, J. V.; Healy, A. M. A Design of
Experiment (DoE) Approach to Optimise Spray
Drying Process Conditions for the Production of
Trehalose/Leucine Formulations with Application in
Pulmonary Delivery. Int. J. Pharm., 2019, 562, 228—
240. https: //doi. org/10.1016/j. ijpharm.2019.03.004.
Shofinita, D.; Langrish, T. A. G. Spray Drying of
Orange Peel Extracts: Yield, Total Phenolic Content,
and Economic Evaluation. J. Food Eng., 2014, 139,
31-42. https: /ldoi. 0rg/10.1016/j.
jfoodeng.2014.03.028.

Fazaeli, M.; Emam-Djomeh, Z.; Kalbasi Ashtari, A.;
Omid, M. Effect of Spray Drying Conditions and Feed
Composition on the Physical Properties of Black
Mulberry Juice Powder. Food Bioprod. Process., 2012,
90 (4), 667-675. https: //doi. 0rg/10.1016/j.
fbp.2012.04.006.

Volume 11 Issue 4, April 2022

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: SR22422005042

DOI: 10.21275/SR22422005042

1139





