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Abstract: The effects of different processing parameters on the quality of powdered total-nutrition food for special medical purposes
(FSMP) during the spray drying process were investigated to obtain the optimal preparation process for the spray-dried powder of total-nutrition
FSMP. Using vitamin C (Vc) and oil encapsulation rates as evaluation indexes for powder quality, the spray drying processing parameters were
optimized based on the Box-Behnken central composite method. The effects of spray drying parameters, such as inlet air temperature, injection
speed, injection concentration, and air velocity, on the quality of powdered total-nutrition FSMP were investigated to determine the optimal
spray drying process conditions. The storage stability of total-nutrition FSMP prepared by spray drying under different accelerated test
conditions (high temperature, high humidity, and bag opening) were studied using the conventional dry mixing method as the control. The
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results showed that the optimal process conditions for wet spray drying of total-nutrition FSMP were injection concentration at 24%, inlet
temperature of 132 °C, injection speed of 13.5 mL/min, and air velocity of 30 Hz. The Vc and oil encapsulation rates of total-nutrition FSMP
prepared using this process were 79.72% and 92.25%, respectively, and the blend uniformity was up to 99.68%. The results of accelerated
testing demonstrated that compared to conventional dry mixing, this technique could effectively slow down lipid oxidation and the loss of Vc
content, while also improving the storage stability of the powder. Therefore, our findings can provide technical support for improving the quality
of powdered total-nutrition FSMP.
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Table 2 The result of experiment ton Vc embedding rate and oil embedding rate

S5 HARE/ % HRURE/C #ARE/(mL/min)  Kik/Hz Ve @325/%  hi5 0I5 /%
1 1 2 3 2 78.11 78.22
2 2 2 1 1 70.46 81.15
3 2 1 3 2 77.76 77.55
4 2 2 3 3 77.92 88.08
5 2 3 2 1 76.40 78.61
6 3 2 3 2 76.91 88.52
7 2 3 3 2 7227 87.38
8 1 3 2 2 75.37 79.45
9 1 2 2 1 78.33 68.38
10 2 2 2 2 79.84 92.46
11 1 2 1 2 77.93 78.53
12 3 2 2 3 69.07 76.35
13 2 2 2 2 80.47 90.14
14 2 2 2 2 75.01 89.94
15 2 1 1 2 59.82 71.75
16 2 3 1 2 7124 78.08
17 2 2 2 2 80.82 93.47
18 1 1 2 2 77.67 79.71
19 2 3 2 3 71.00 90.58
20 2 2 1 3 69.37 81.29
21 1 2 2 3 78.22 79.57
22 2 1 2 1 69.67 80.25
23 3 2 2 1 67.66 84.59
24 2 2 2 2 80.37 93.69
25 3 1 2 2 56.62 80.76
26 2 2 3 1 75.03 77.45
27 2 1 2 3 73.17 78.08
28 3 2 1 2 67.44 79.32
29 3 3 2 2 69.13 90.56

213



MK EmBHL

Modern Food Science and Technology

2022, Vol.38, No.8

214

Table 3 The regression model and variance analysis table on V¢ embedding rate

3 Vo BUEREIRB L FES IR

7 ERR Frfe BWE  ¥x FiL P 2FMK

AR 896.87 14 6406  9.16  <0.0001 ok
BAERE (A) 28812 1 288.12 4121 <0.0001 **
#RGRE (B) 3571 1 3571 511 0.0403 *
dHRE (C)  145.14 1 145.14 2076 0.0004 **

R (D) 0.12 1 0.12 0017 08976

AB 54.83 1 54.83  7.84 00142 *
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A’ 56.47 1 5647 808  0.0131

B’ 213.94 1 213.94 30.60 <0.000
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Table 4 The regression model and variance analysis table on oil embedding rate
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75 R FrAe BEE  ¥F  FIE pli  BEM

AEA 1041.87 14 7442 1215 <0.0001 o
HHRE (A)  109.44 1 10944 17.87  0.0008 o
#HRGEE (B) 7783 1 77.83 1271 0.0031 o
#HRE (C) 37.03 1 3703 605  0.0276 *

Rt (D) 46.10 1 46.10 753 0.0158 *

AB 25.30 1 2530 413 0.0615

AC 2261 1 2261 3.69 00753

AD 94.38 1 9438 1541  0.0015 ok

BC 22.56 1 2256 368  0.0756

BD 49.98 1 4998 816  0.0127 *

CD 27.51 1 2751 449  0.0524

A? 258.85 1 258.85 4227 <0.0001

B’ 129.44 1 12944 21.13  0.0004

c? 171.84 1 171.84 28.06  0.0001

D? 254.56 1 25456  41.57 <0.0001

KRE 85.74 14 6.12

D! 72.83 10 728 226 02250

#7E 12.91 4 3.23

B Fa 112761 28
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x5 AMITZXHREHSENFT
Table 5 Influence of spray drying on uniformity

AL ILE BRETIE X WFEES EFAHKCVY% REHHEMY%
AmILY 0.0914 0.0007 0.7237 99.6762
i FiERA (ck) 0.1037 0.0086 8.2733 91.7367

23 AMmIIT LA THRE R WA

23.1 BRAHHM

AN T L E A8 TR A 48 FR A R TR
H R STERIREA IR 5 FR, KAV BUREL AR
A& MAE TR AN, HAERRECV N 8.27%,
TRAYISIEIR R 91.74%; AN T L2444 T itk i 2
EEFRER MR RE CV UM 0.72%, REY
SIFEN]EIA 99.68% . IXFREIANN T L2564 N IHFEE
A B IR A .
232 AL

E 5 TEMITZHER M~ mIHEEER
Fig.5 Scanning electron microscopy of special medical food

products with different processing techniques

E: ar LAFERA (ck); b AmIIE,

Tl TIEIRA AN T L2800 TR & 5ok
RSN 5 fs, K Sa ATV H 200 L)
RIS, S-S, Xl TN
M BARE R R EBRGHI, S ERRIERHERE
KN BRI B EZE R, HOm LR iR
AT SRR IR . VRBHRE AR, SECHAE
RS T 2R KA —IRS . 5HEInNTA
[, AINLLZREETY). HPRGHNMAE TR
FURBEATH S5 48, Tl A3 iR 1) B 4 TR R &
Ik 5b FR, B RAREUN. KRB A A,
B T oKAERT 55 T R rp o 78 R, RORLR THTE B
AEEILE . Santos! W TR L 0I5 AR,
T3 B B ORI 2 TG e TE AN AR, A
AFERANIR R RS SR, SABAE R B

24 AR I T LA TRE R &ERY

18] 23~ A

24.1 TARMEATA

AN T L 2 A8 T B ) 2% R £ 2 i
TEAFfg AR P A E R 6 Fos. T8
WAER R BRI E A RIS RS, 2 s DL S Ak
FEPIIFER. EH 6a FIR, i S A R R B R
Z, TR T ARE S TE SRS A 10d 5,
A BT 137.00%F1 45.31%, A EEIAEL
T (6b) i 10 d J5, dEAES TR 35.50%F
9.15%; MG, R ELETE 4 CHI
5 CHAM MBI TN 6c 1 6d Frw, JHEE
TE4 CHMF MR 10 d, FVRANEEI THRE &
RHEAAE 0 TR 15.00%F0 5.95%, ITE 25 CHF T
fitggk 10 d Ji&, A MAE 3 FHE T 100.00%F0 14.87%
DA EgE SRR, BERTEDURIA R a1 T f 10 d
Je, FEIRA I AR R I E A E T S AR S T A
LT, XERAMT LML T HERSREHE R
PR B R BT A o R Rt g L L
T W TE AR FE B A A L, R BRI I AL
FEREBEIRAE I LT i N, XS AR5 Wt
ST R R TR AR T AR “Ahae”, X <
M7 AT TARIFIAEE, ATLLE AR IR L.

a 7r

« HETRIRA (ck) a'
6L - ANLILZ
3 b
%‘ 5p ¢ a
E
~ 4+ b
2
& 3t
c
2L
0 5 10
) / d
b + P FEIRE (ck)
5+ - AIMLTZE a’
4 L ———
Eo ¢ *
ESRdi
E
; 3+ a
2
b b
2 — x
0 5 10
) / d

215



MK EEBHY Modern Food Science and Technology 2022, Vol.38, No.8
¢ + WEFHRRE (k) AR ZE R, BEM T 2% Ve TURZE, M
5+ b'+ AMLIE o o TR Ve [l
2. e N - MEFRIRE ()
£ - AMLITE
é 3F . g 1.8+
2k 2__/«%—”/”’{ E" 1.6
0 5 10 3‘@ 14l
e/ d > X
d  WETER S (ck) o 125 5 10
Tty — i
-i‘: al g b a - j&iﬁﬁ%ﬁé (ck)
g 20l y e AMTTE
§ 3t b 2
2 c % 1.8+
2f g
d ; i & of
I / d >
B 6 NEMERSR T TR S ETE M 5 10
Fig.6 Variation of POV during storage under different storage e/ d
condition C
E:oa BEmAM TR S POV AEIE; b HiEitt o 20
TR 5 POV AEACHE; ¢ TFACT 4 CAMTFHE~HPOV 3
WRAE; & FFRT 25 CAUTHESHPOVIELKE. B 2 18]
FRE R TAEIRE (4SD); RRFEREREM (p<0.05). mﬁ
242 Ve B M~ wETmRs @ :
AN L A TR A A IR e R - AWTTZ
FIRERAAE T Ve & R LIE 7 FR. t1 7a 1 b S 5 10
AL, TR G FIAIN T L2804 F IR i bl / d
TERIRALL MK 10 d 5, Ve AT Rk 34.49% d 2 - PHETHERA (o)
H120.01%, 7EEGHEFRSE T4 10 dJF, Ve Bk _20r R
18.36%H11 4.28%: Ve RAEPEMIR, EIEMIEmE 2
Ko FERMH G, FrEEMP Ve HRHRE 4 CHI ?Eo 1.8r
25 CHAMF Mg A A 7e A1 7d B, FHEE m\i
fE 4 CHMTE 10 d, WETHRSMAN T TE 40 16r
SRR IO AT Ve SR BN 2.60%F1 2.77%, g
WiTE 25 C44F R 10 d J5, Ve kRN 24.32% 14 5 10
A 5.29%. LA EgERERH, EARMERAMS N, A bl / d

T LA TR A T A BN E £ Ve IR
F AP Bl ) Lk Ve FaE TR,
KBL60 CHIZFSET T Ve B, 1A
JEAU IR Ve &8 46.11%, HIFEETHI Ve
SRR B ST, XA R, BT
S Ve S BEIEER A, BB
Wi, SRIETE R TR A AR A (I AR 1

216

B 7 TEfEEEE TR Ve 28K
Fig.7 Variation of vitamin C during storage under different
storage condition
A ar HIBAM TSRS Ve A FTME; b HiRE
TR Ve 2FTE; o TR 4 CRETHRS =
Ve 2 TAUH; d: 4 25 CHMTFHMBS" & Ve 22 RLA.
A d 8% R FAFERZ (ESD ); KR FEHREREH(p<0.05).



MK EmBHL

Modern Food Science and Technology

2022, Vol.38, No.8

3 Z5ig

SR FH B DR B A S T RS, W T R R 4
B AR S TR L ESECN: R
24%. AR 132 C. HEFEEFE 13.5 mL/min, X
# 30 Hzo % L2451 AT B FRAFR 5 Ve A=Al
TS ELHEZ Sy 79.72%FH1 92.25%. AT TEIR
G AL L2 NS RRAR A S AE,
AR EUIN. KAN—3, TEA RIS (5
. =R P KM NHEAR S AL, Ve BAELT
RS ENE . A FUZE SR ] Jokn AL A8 TR R B
Tl AR S

(1] GB29922-2013 AR~ FE L7 & dhiE NI[S]
GB 29922-2013, General Rules for Formula Foods for
Special Medical Purposes [S]

[2] Koronowicz A A, Mariola D, Barbara W, et al. The effect of
"NutramilTM Complex," food for special medical purpose,
on breast and prostate carcinoma cells [J]. PloS One, 2018,
13(2): ¢0192860

[3] Cordier J L, Farber J M, Forsythe S J. Production of
Powdered Infant Formulae and Microbiological Control
Measures [M]. 2008

(4] JBRITAF, 5K IBE, SR, S PR R 2 AT L 7 B AR G
TE RIS T 200 L[] IR R, 2019,
35(1):215-220
MA Kaixiang, ZHANG Meiping, WU Shuai, et al. Dry
mixing process of foods for special medical purposes and its
comparison with wet process and dry-wet process [J].
Modern Food Science and Technology, 2019, 35(1): 215-220

[51 Yan B, Davachi S M, Ravanfar R, et al. Improvement of
vitamin C stability in vitamin gummies by encapsulation in
casein gel [J]. Food Hydrocolloids, 2021, 113: 106414

(6] WA, B 5, 85 B 55 T2l Bk I ol 5 ARt
FHERE D] IR dRH,2007,(23)12:85-89
RAO Xuan, TAO Ningping, WANG Xichang. Progress of
lipid microencapsulation by spray-drying [J]. Modern Food
Science and Technology, 2007, (23)12: 85-89

[71 Laohasongkram K, Mahamaktudsanee T, Chaiwanichsiri S.
Microencapsulation of macadamia oil by spray drying [J].
Procedia Food Science, 2011, 1: 1660-1665

(8]  VEIS, 5K, 08, 588 0 55 T 15 ) 28 AU FE AL AT TR R

0

[11]

[12]

[13]

[14]

[15]

BT AR B 5 g, 2020,295(11):74-77
WANG Hong, ZHANG Liang, ZHAO Jing, et al. Preparation
of microencapsulated powder oil of pine seed oil by spray
drying [J]. Grain and Oil, 2020, 295(11): 74-77
RN, SE NI FREHEAT. Ve U B B T2t 9] 8 Ik
1.,2013,42(3):404-409
LI Gang, MENG Xiangang, KANG Yanli. The research of
vitamin C microencapsulation embedding technology [J].
Applied Chemical Industry, 2013, 42(3): 404-409
Shamaei S, Seile D Lou S S, Aghbashlo M, et al
Microencapsulation of walnut oil by spray drying: effects of
wall material and drying conditions on physicochemical
properties of microcapsules [J]. Innovative Food Science &
Emerging Technologies, 2017, 39: 101-112
ZRLTHE XS B T, 2, 5 AN R R T R AL R A A i R A AR
SEVERIBTFE] i Tk AHE,2010,1:173-175
LI Hongyan, DENG Zeyuan, LI Jing, et al. Study on
oxidative stability of plant oils with different fatty acid
composition [J]. Science and Technology of Food Industry,
2010, 1: 173-175
T (L 25805 25 RN TR BE BRI 7T D] AR 7E AT b
el K2,2018
YU Qiannan. Research on the key technology of spray drying
of yam powder [D]. Baoding: Agricultural University of
Hebei, 2018
SR, 1 NI ST AR A 4 P R IR 2 il R
THRE[]. & & Tk ARH,2017,38(24):159-164
WU  Longkun, XIAO Zhigang. Preparation of
microencapsulated soybean germ oil powder oil by spray
drying [J]. Science and Technology of Food Industry, 2017,
38(24): 159-164
BRbr 4R B ORI S ILE R 1R D] e
LR KA2,2009
MA Yunbiao. Study on preparation and properties of vitamin
E microcapsules [D]. Wuxi: Jiangnan University, 2009
Tuyen C, Nguyen M H, Roach P D, et al. Microencapsulation
of gac oil: optimisation of spray drying conditions using
response surface methodology [J]. Powder Technology, 2014,
264:298-309
Habtegebriel H, Wawire M, Sila D. The effect of
pretreatment (spray drying) on the yield and selected
nutritional components of whole camel milk powder [J].
Journal of Food Science, 2018, 83(10-12): 2983-2991
(%% 126 TD

217



