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therapeutic properties. Additionally, due to the absence of beta-lacto
globulin, it does not cause allergic reactions in childeren.
Phenylketonuria is a hereditary metabolic disease that unable to
metabolize the amino acid phenylalanine. The most severe clinical
complication of this disease is irreversible mental retardation.
Nowadays, using food sources without phenylalanine is the only
way to cure. The aim of this research was to produce spray dried
low-phenylalanine whole camel milk in a laboratory scale with
optimum flow ability to be used in the diet of these patients.

Materials and methods: Fresh camel milk was prepared from
dromedary camels (Golestan, Iran) and its amino acid phenylalanine
(Phe) content was measured by HPLC method. Then, whole camel
milk was hydrolyzed by using two types of protease (Aspergillus
oryzae and papain) in three different ways. The optimum method for
removing the amino acid phenylalanine from whole camel milk was
determined by calculating and comparing the analysis of variance of
the removal efficiency of phenylalanine. This low-Phe sample was
dried in a spray dryer with three variables parameters of inlet
temperature in three levels 120, 140 and 160°C and feed flow rate in
three levels 400, 600 and 800 mL/min and air flow rate in three
levels 15, 20 and 25 m%h. The experimental design in the drying
stage was response surface method (RSM) and Box-Benken
experimental design.

Results: The results showed that by using the combined method of
two enzymes of Aspergillus oryzae and papain with equal amount
and using activated carbon of 0.9 gr/gr protein, a 99.33% decrease in
the amino acid content of phenylalanine was observed in whole
camel milk. The sample of hydrolyzed camel milk with the lowest
amount of the was used in a spray dryer at three temperatures from
120 to 160°C and three feed flow rates from 400 to 800 mL/min and
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three air flow rates from 15 to 25 m*/h. The results showed that the
parameters used in spray dryer had significant effect on the flow
ability characteristics of low-Phe whole camel milk powder
produced in the research including bulk and tapped density, filling
and emptying repose angles, dispensability, wettability,
cohesiveness, Particle size distribution and color parameters.

Conclusion: Analysis of variance (ANOVA) of the results showed
that the effect of inlet temperature parameters on bulk and tapped
density of low-Phe camel milk powder was significant (p>0.05).
The highest bulk and tapped density related to the sample was dried
at 120°C and the feed flow rate of 600 mL/min and the air flow rate
of 25 m¥h (520 and 630 kg/m®, respectively) And the lowest of
them was 172 and 340 kg/m® for the sample was dried at 140°C,
feed flow rate of 800 mL/min and air flow rate of 15 m*h. The Carr
Index of low-Phe camel milk powder showed that the sample was
dried at 160°C and a feed flow rate of 600 mL/min and an air flow
rate of 20 m*h had very good flowability. The same sample
according to Hassner's Ratio was very good powder. The angle of
repose of filling was directly related to the cohesiveness of powders,
so that the angle of repose of filling increased with the increase of
cohesiveness. The falling repose angle was also inversely related to
the flowability of the samples, and by reducing the repose angle,
their flowability was done more easily. Increasing the inlet
temperature of the spray dryer also increased the size of powder
particles and the amount of a* and b*, while the amount of L* of the
sample of whole camel milk powder decreased.

Cite this article: Kamali, S., Kashaninejad, M., Jafari, S.M., Ghorbani, M. 2023. Effect of
operating parameters on the physical and flow properties of spray dried low-
phenylalanine whole camel milk: A response surface methodology approach. Food
Processing and Preservation Journal, 15(2), 103-124.
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Table 3- Phenylalanine Removal of hydrolyzed whole camel milk by proteases and activated carbon

o~ Loy

(AR *
Removal Phenylalanine (%)

oYL g sl
(535, MG Ve ,5MQ)
The final amount of phenylalanine (mg/100mg

3 st
Enzymatic hydrolysis

protein)
94.68%+1.69 0.007+0.07 H1
86.51°+4.11 0.02+0.05 H2
99.33°+0.21 0.0011+0.01 H3

* All numbers are the mean + SD of three replicates
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*Values with different letters are significantly different from each other (P<0.05)
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Table 4- Qualitative analysis of hydrolyzed whole camel milk with proteases

s ) Lot sl PH s g
Total protein (%) Dry matter (%)

0.14+0.005 5.74+0.007 6.07+0.001 H1

1.62+0.008 6.94+0.002 6.04+0.004 H2

0.5+0.001 6.4+0.004 5.91+0.001 H3

* All numbers are the mean + SD of three replicates
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Figure 1. The interaction effect of inlet air temperature (°C) and feed flow rate (mL/min) (a) and the

interaction effect of feed flow rate (mL/min) and air flow rate (m®h) (b) in spray dryer on the bulk
density of low-phenylalanine whole camel milk powder
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Figure 2. The interaction effect of inlet air temperature (°C) and feed flow rate (mL/min)
in a spray dryer on the tapped density of low-phenylalanine whole camel milk powder.
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Figure 3. The interaction effect of inlet air temperature (°C) and feed flow rate (mL/min) (a), the interaction effect of

inlet air temperature (°C) and air flow rate (m3/h) (b) and the effect of feed flow rate ( mL/min) and air flow rate
(m*h) (c) in spray dryer on the flowability of low-phenylalanine whole camel milk powder
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Table 5- Classification of flowability of powders based on Carr index (CI)
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Figure 4. Interaction effect of inlet air temperature (°C) and air flow rate (m3/h) (a), the interaction effect of inlet air
temperature (°C) and flow rate Feed (mL/min) (b) and the interaction of feed flow rate (mL/min) and air flow rate

(m*h) (c) in spray dryer on cohesiveness of low-phenylalanine whole camel milk powder.
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Table 6. Classification of powder cohesion based on Hasner's ratio
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Figure 5. The interaction effect of air flow rate (m®h) and feed flow rate (mL/min) on the falling repose angle (a) and
the interaction effect of the inlet air temperature (°C) and the feed flow rate (mL/min) on the filling repose angle (b)
of low-phenylalanine whole camel milk powder
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Figure 6. Changes in the filling repose angle (right side) and the amount of cohesiveness (left side)
of low-phenylalanine whole camel milk powder

Cine Factor

Warning Fagter imvobeed in multipte irferactions,

Angle af fall{*)

Angle of fall (*]

1 (5] Ha 15 ]

A lalet temprature (€]

Qne Factor

5 4] ] 2 2 E

Co A flow rate (m3sh)

(;(;: W) ‘5ﬁ-LQQLLJ—": O',:A K} (Cﬁwb CM) 4-:15:.7}}3) Q}‘j ej‘.\.;‘ th.u" A Jg.i

oI o5 ol 28 Kis e sladi gl
Figure 7. Changes of the falling repose angle (right side) and the amount of flowability (left side) of
Low-phenylalanine whole camel milk powder

sles la eyl 505 sl QLS sl s gy 25
bj_:)‘bv_wg&bbjld}f‘}h Ulij" ‘_;33.563.5))
6‘))}- QLLJD- L;?.) _)':'“)L.’. JS‘ASL}J\:- B c(p<'/'a>
A)‘Jﬁ‘ﬁlﬁﬂblﬂ JJL&A)OLAJ@ ﬁju‘}@l.@,;‘u
Jgﬂi‘)é 45)}19;}[.0.&5 (pZ'/'O) D}.d. )‘JL‘J«G Q‘)b

"y

- (.S FS5 s Sl O3 61l 85
Cla S5 p e 3l S O3 63100l YT
SOl 45 358 o pmme 2l Slays gy
oLl 0T aas e 53 56 o 1) bays
St h 3 b Sl abons Sl ol il



VF.Y Y b)lo*s AT 8,90 &‘:3".3.9 b"o d)‘é.g‘gﬁs ‘5)31)5

SALL o3 SosS Sl glabes 3 e
() s 5 5ok s
S Sl Sy g edd el G o
slales 5o il S bayg ol U]y
wlin @Lﬁ 38 sl am iy Yoo VA A% (63555
03,8 i VL gles s &S g5k 4 us Jol
wlie G 5 .(04) W LSS 68,5 ol
22 ekd Sis S8 b g p ek pll S
- b a3 WA 5000 A0V VY (65455 slabes
05 S Sex VL gl s wld el 58 sl S

I» LA
ZZ

>z
A
Z2 772

o
e
.4
B: Fee
00
160~ 400

Partile size (micrometr)

150

A Inlet temprature

d flow rate (mlit/min)

3 e300l Las Jiuly 8l L il e sdalie LB A
Gles il culesls Olas Slidss s S 55
ISP S SO R L SIS B G NV I PO PO
sla,ss 5o Blos Lg\mﬁ\.gdj;jrﬁ.u Ja
Llosls o5 6 Sl 15 0T e 358 00 0 W) 5
S gy S0l s 4 YL glales 5 &S
S S5 oS5 Gl P oo B e S
los alsdl L cpl pls ojlus s g Ol gl
JLZ‘)_:f)ﬁd)bboj\.d (OSSES (65,5 laa
Sl Sl aS Js e S0l 5 g5 5 Ll

(a) («n

C: Air flow rate (m3/h)

3 CONGag, sbs Jlaw 315 (D) m’h) I8 Oz (23 5 CCNsas,0 gbos Joliwe 1A S

Vb oS oS pd Sas ol Slpb b ke AL S S 55 () (ML/MIN) ST, 55 0L~ (23
Figure 8. Interaction effect of inlet temperature (°C) and air flow rate (m*/h) (a) and interaction effect of

inlet temperature (°C) and feed flow rate (mL/min) (b) in the spray dryer on the average particle diameter
of low-phenylalanine whole camel milk powder
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Figure 9. The interaction effect of inlet temperature (°C) and air flow rate (m*/h) on the amount of a* (a), the

interaction effect of inlet temperature (°C) and air flow rate (m*/h) on the amount of b* (b) and the effect of

interaction of inlet temperature (°C) and air flow rate (m*h) on L* (c) of
Low-phenylalanine whole camel milk powder
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