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Effects of Carrier Materials and Inlet Temperature on the Properties of

Spray-dried Instant Chinese Chestnut Flour

ZHANG Le!', ZHANG Ya%, WANG Zhaogai'*, SHI Guanying', JIANG Pengfei!; ZHAO Lili', WANG Xuzeng!
(1.Agricultural Products Processing Center, Henan Academy of Agricultural Sciences, Zhengzhou 450002, China)
(2.Zhongmou Runxin Real Estate Co: Ltd., Zhengzhou 451450, China)

Abstract: To identify the most suitable carrier material and drying technology to reduce or even prevent stickiness during spray-drying of
instant Chinese chestnut flour, the effects of different concentrations of carrier materials, such as maltodextrin, whey protein isolate, acacia gum,
and f-cyclodextrin, on spray drying were studied. The optimum parameters during spray drying were determined in orthogonal experiments, and
the properties of the instant flours were evaluated. The results showed that the optimal conditions for spray drying are as follows: inlet
temperature, 190 ‘C; feed rate, 20 mL/min; and 5% maltodextrin as a carrier. Range analysis and variance analysis revealed that the factors most
affecting product yield are (in descending order): carrier addition, feed rate, and inlet temperature. The water and fat contents of the instant
chestnut flour were as'low as 1.60 g/100 g and 1.77 g/100 g, respectively, while the protein content was as high as 8.45 g/100 g. The whiteness
was 82.18. A total of 38 volatile aroma components were identified, and acids, alkanes, and aldehydes accounted for 42.47%, 19.87%, and
16.81%, respectively, of the total velatile contents. Six key aroma compounds were identified by calculating the odor activity values (OAVs):
hexanal, nonanal, (E,E)-2, 4-nonadienal, D-limonene, hexanoic acid, and ethyl maltol. The Instant Chinese chestnut flour produced is
nutritionally rich, with a pleasant color, strong flavor, and good tonality and stability.
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Table 1 Experimental factors and levels
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Table 2 Criterions of sensory evaluation

A R L
AR BB, RARRTRAR, MR —FfaE 21~30

iR (30) BREREMR, AU ERARALLNE, ¥ 11~20
BRRR RN, RASAKECAZETE, KBELSZILR 5~10

ey, RekEke 15~20

&iF (20) BEH . MEMRHEH 11~14
BETH—, MERE K KB 5~10

A RARE AR AR, Rk 15~20

A4 (20) WMEHERTAR, LH% 11~14
RARFRAER, A%k 5~10

oA, AR, EREEE P 21~30

o & (30) o BB MR, A9 RGR, R 11~20
O REEE, N0 RIOR, hER 5~10

219



MR B R

Modern Food Science and Technology

2022, Vol.38, No.10

£ (100)

—48>85; =2 75~84; =4<T5

1347 EIFEWAIE

KA B R AW R A T8, S GB/T
5009.3-2003 (& anFKSRME) AT EAREE
Mre RHYIKERE, S0 GB 5009.5-2010 (&
RGBT B S &N KA 3,5- 4
FAKHIRER; el & 2l R R K, S|
GB/T 15674-2009 #1T
1.3.4.8 FERMEESIS i

SR FH T2 [ AH A 23 B A el - 5 1% (HP-SPME/
GC-MS) 43#r. FEHaFR 1.0 g FEALAT 0.2 g EALINITE
T 20 mL T/ N AT, BIZIFEN 5 pl AR (2-F 4E-3-
B, 250 mg/L I HERIAHD, I ERIUGR £ )-rE%E
F3 M. K MEE T HH 25 FAEIRKSB T, I
7E 60 C R 15 mine SRJ5 4 BE kA A T2 ik
1660 C NESARICT FALAY) 30 mine. ZEHUS, K
WIE L4 AE N GC R, JRTE 250 CTH
GC-O-MS fi#% 5 min. GC-MS 4M#r4&4t:4: (1) GC
N FANER (G 99.99%), HEMEN
1.0 mL/min. RTEFEIRE 250 C, ¥AFIZER 3 min. fE
FFHR: EIRIREE 40 C, fRFF 3 min; L2 C/min
PIEE FFEI 70 °C, fR¥FF 2 min; L5 “C/min FH
B EFF#) 150 °C, f£4F 2 min; L 8 “C/min HIEEZT]
%230 C, f#4F 5min. (2) MS & FREEE
230 'C, HETANETFHE (ED, BFHHRE
230 C, FHETAAeTH, ST nsz 43~800,

FERNEYIRE S & il 5 SRR IE R
LR HREL (LRD WILLALL K 5 NIST14 SCHEEH (1]
JOR BRI B, SRR A R 45 A S AT 4
JE o FEAHIR] GC-MS Al 2% A RAMFIEF Bk (C-Cao)
IR BRI )07 LRI, LRI VFE&LA0 T

LRIleOx[n+ ’x_t;J (3)

ntl ~ ‘n

EWi

t—— e x A9RG I

ta F B SRTRA n Ao ntl GG E ML IR 6 £ & B8]
(6<t<tur1) o

iEIT % LRI 5 NIST Chemistry WebBook %4
FEPARRGE I IEAGEE (C-Cao) KHE AT, LA
2-WFE-3-BR g bR, X RrETEE B, R
W THT AR b 2- FY -3 - BRI AR 52 ) EU AR v SR SR 20 Y
WL SRIEEAE (04Vs) HITHH:

OAV. = G 4)
" OoT

i

N

220

C—HE—wmptRERE, ngke:

OT—HE—m5 K e & LML, pgkg.

OAV>1 I, %AW £ 2 U TTR A
MR OAV<<l, ZWFXSSARE S TC I Tk -
AR FH AR Bl 2 Favor Base JIFHE «

135 HAEHH7

SKH SPSS # A 45 Rk AT Hedhs Ge it 4 Hr Al
J7 2504, R IEAS B BT 14T 1IEA8 11, Origin
8.6 WA HHITL K

2 FER59

2.1 AR T IRBORE % m

TEMY S T s T RIR R, S8kl R m
ARG AR RS, PRGN EE PR = |, TR
i T AL AR TS, INIVER) . ZESERIRE R
i 47 P PR A A ekt PR A it SR B L 2 A T P 11
WAL BT IR . SR E A BiTh
EF ~ BRI AE SR ] () R AR L5 155 55 TR (15
e, B 1 AELUE H IS Ak R BT
T EZZ PG IS I S 2295 38.48%, 5 HAAS N2
6] & EE 7 (p<<0.05), VLU ZFMIRRCRERLE.
TRALRAF LR SRR 4 22 AN B 2 - FLIB /B R A
HEMEN 27.16% R EE— 2L, ARSI T2
BT S A% B -2 S 5, AR RURL R THITE &
R AR, SIETRAE A IR S, X
IS AN B R s A AR IR FE IO B b 72, Bl
1R JORL 5 8 55 1 S AR AR A, AT 3G 0 = o
2, 54k ShihHR 15 Ui 7E 22 2 BiAS TR I 0.5%
Cmim) FRIFLIE 53 85 8 A Eb B FH 22 2R RRS 15 25 42

LR

CK WG I ES PR S
WA
1 FEEMAMRIATER RN (BEMER 0<0.05)
Fig.1 Effect of carriers on the product yield of Chinese chestnut

flours
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Fig.2 Effect of MD concentration on the product yield of

Chinese chestnut flours
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Fig.3 Effect of inlet temperature on the product yield of

Chinese chestnut flours
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Table 3 Orthogonal experiment design and result

Rig  HRERE  HHE BRI EY% EHE% K E%
1 1.(170) 1 (15 1 (3 39.26 2.16
2 1 2 (20) 2.(D 35.11 2.62
3 1 3 (25 3(9) 35.45 2.62
4 2(180) 1 2 33.36 2.10
5 2 2 3 374 2.11
6 2 3 1 34.37 2.04
7 3 (190) 1 3 40.03 1.63
8 3 2 1 41.11 1.58
9 3 3 2 32.71 1.97
K 36.607 37.550 38.247
P K 35.043 37.873 33.727
K 37.950 34.177 37.627
#ER 2.907 3.696 4.520
Ki 2.469 1.964 1.927
P K 2.083 2.104 2.230
K 1.728 2212 2.123
HER 0.741 0.248 0.303
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x4 HESH
Table 4 Analysis of variance
FERR REFFFSS adwEd HFMS  FAA P BEM
A 12.697 2 6.349 233.120  0.004 ok
B 25.149 2 12.575 461.737  0.002 ok
Tt F C 36.025 2 18.012 661.410  0.002 ok
D (%) 0.054 2 0.027
&t 73.9258 8
A 0.826 2 0.413 1717.583  0.001 ok
B 0.093 2 0.046 192.999  0.005 ok
Kya® C 0.142 2 0.071 296.007 . 0.003 ok
D (%) 0.0001 2 0.0001
At 1.061 8
=5 BIERRIELSR
Table 5 Determination results of physicochemical indexes
EZ /(@100 g) ERES AU A2 M
FAR Ko Eam RN R R L* a* b* pEcErEls A%
HMFER  1.60£0.04 8.45£0.61 32.62+2.22 1.77+0.04 82.18+1.93 0.28+0.03  5:30+0.19 28+1 66.79+£3.20
B TR 3 TLLE Y, R T T2 & OB S M e e BN URIRAR . 1 ERH R

AR R R R C R INE) >B GIbR
mE) >A GHXIRE, RIS R L EHAH %
R A & AsBoCrs -MHN 41.11%. 1T 5200
W5 55 T K SR R E FR R A GERIERED
>C GRAARINE) >B GERHRR), FRREM
G AsBiCio

T5 ZE TR IEAS S8 T5 22500 45 LR 4, Al
T ZE AT RIRR ZE A i 2 S — 550, BISEa e 25 )6 1
S AR R IR T R RITT Rk : C (AR
gD >B GIERHRE) >A GHERUE e BN
TR T 277 K & R RT BRITRION: A
GHERAEEE) >C (EinmE) >B (R RD.
TESEIG R ZEE RN, o R SRR R K S E A
HBREZEREW (p<0.0D); BERLEXEER F MK 5
BHADENEN (p<0.01), BARINESERR
FKA> & EAEWEZ N (p<0.01).

MG (GB/T 29602-2013 [EKRLKAELY Ko B
S%RUNFFEARHE, IEACSRIGLE RIFIE 3% LT, 45
CA_E EVAS AT RN T 22 404, 0 e L T 55 e 2k
N AsBCr, BIEECIIERE 190 °C, #ERIE 20 mL/min,
AR E 5%,

2.5 AR AT

251 REMMER
RIEEEVEDPRE, 5 PUERE TN A 3R ZEA
T ICEYEN S ME N 90.30, 155 —Z%briE, 1560
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Fig.4 Chestnut instant powder preparation liquid
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Fig.5 Chinese chestnut instant flours
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F e oy sk nT AR AL ARRURL 52 i F 5 57K 73 2 18]
RIS, T EEPKFP RS, BRI AL

A BT DA Bk o AR

AN E

* 6 IRRMIER MBS GC-MS IHLER

Table 6 Analysis results of volatile aroma of Chinese chestnut powder by GC-MS

28's, PRT ORI KER Y (32) 27, GidB)E
AR BIITIEN, RETEER] 66.79%, Wi I
fAe e PR -

sepy R P LA S A A PER G SEGeke  ER
5.755 TEE Hexanal CsH12O 800/800  1041.77£2.72 MS,LRI
13.851 R P S Benzaldehyde C7HsO 958/959  274.58+12.26 MS,LRI
23.723 7S Nonanal CoHisO  1105/1105 660.86+21.73 MS,LRI
A 28234 +Es Decanal CioH20O  1206/1204 139.72+0.48 MS,LRI
28.505 (E,E)-2,4-& — Bt (E,E)-2,4-Nonadienal CoHi«O  1214/1215  76.69+5.43 MS,LRI
29.899 4-F AR FEE 4-Methoxy-benzaldehyde CsHeO2  1254/1251< 216.50+£3.47 MS,LRI
33.654 2-T A 2-FHhms 2-Butyl-2-octenal CipH»O  1375/1378  107.62+1.37 MS,LRI
4.735 1-%8F 1-Pentanol C5H120 729.06£10.61  MS
BER  14.845 1-&B% 1-Heptanol C7H160  975/969 91.15+5.23  MS,LRI
34.138 + 5B 1-Hexadecanol C16H340 1392 56.59+0.98 MS
10.189 TREL Pentanoic acid CsH1002 896/893 444.4246.37 MS,LRI
., 16858 T Hexanoic acid CsHi202©  1003/998 5377.96+54.26 MS,LRI
R 22.567 3 Heptanoic acid CHi202  1086/1085  169.90+0.00 MS,LRI
30.578 ey Nonanoic acid CoHi1302 11274/1273  368.86+0.00 MS,LRI
. 19.449 3-F Hi-2-8R 3-Octen-2-one CsHiuO  1041/1040 334.65+2.77 MS,LRI
22.159 5-T -2 Mi-4-BR) 5-Ethyl-2-octen-4-one CioH150 1080 166.42£0.00  MS
21.871 FFH Cyclooctane CsHis 1076 241.64+0.00 MS
23.493 T+ Undecane CiiHas 1100 73.2243.08 MS
26.823 FUF R R 9-Methyl-nonadecane CaoHa 1165 72.86+4.29 MS
28.013 =) Dodecane Ci2Has 1105 620.6149.12 MS
i 31.445 +=k% Tridecane Ci3Has 1300 1006.56+31.73  MS
. 34.367 + ke Tetradecane Ci4Hso 1399 523.9346.05 MS
35.65 7S mahed Cyclotetradecane Ci4Has 1447 118.31+0.00 MS
39.193 3-F Ak 3-Methyl-pentadecane CisHsa  1573/1570 158.94+7.89 MS,LRI
39.957 Tk Hexadecane CieHas 1599 112.82+9.49 MS
41.232 =3 R% Undecyl-cyclopentane CisH3zz  1658/1656  46.96+0.00 MS,LRI
18.421 D-#745H5 D-Limonene CioHis 1026 144.25+0.00 MS
ok 31.64 177 R 1-Methyl-naphthalene CiuHio 1306/1306  87.58+3.18 MS,LRI
33.721 + O Copaene CisHae  1375/1376  52.94+0.00 MS,LRI
41.231 KTH Cyclohexadecane Ci6Hz2 1658 49.42+0.00 MS
20.978 ot aH HOK T BR B p-Nitrophenylhexanoate Ci2HisNO4 1063 296.02+0.00 MS,LRI
BEX  21.862 % B ¥ B Formic acid, octyl ester CoH 1502 1076 240.12+11.46 MS,LRI
34.146 ZACEBT AB Trifluoroacetic acid, pentadecyl ester Ci7H31F30; 1392 50.73+£1.61  MS,LRI
8.694 2,4- 2 F ooy 2,4-Dimethyl-thiophene CeHsS 864/863 71.28+2.69  MS,LRI
20443 5-THR=H-2 (BH) k%  5-Ethyldihydro-2(3H)-furanone CeH1002 1055/1056 388.41+6.10 MS,LRI
HAb 27.894 TR F&F Ethyl maltol C7Hz0; 1197 158.41+0.00 MS
30.969 & Anethole CioHO  1286/1283  134.62+7.49 MS,LRI
37.468 24-Z R T KBy 2,4-Di-tert-butylphenol CiH»O  1513/1513  70.26£0.00 MS,LRI
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R7 REHELMEESYRASER 0AVs
Table 7 Odor thresholds (OTs) and odor activity values (OAVs) of aroma compounds in Chinese chestnut powder

P bdh AR A%/(ugke) A OT/(ugke) OAV Rk gk
TEE 1041.77 45 231.50 AHFEAR, B E. KR%
RPEE 274.58 350 0.78 3% 7109 B4z
e 660.86 1 660.86 HRIR, Mk, BT E
(E,E)-2,4-F — ¥k 76.69 0.09 852.15 RRAGYET Zi0A, M KR A BRI A A
1-5%5% 729.06 4000 0.18 FHOR, BEER, RARG KR EF LA
1- kB 91.15 520 0.18 FER, ETLIRFRA. Kk
RER 44442 3000 0.15 BAGER, Mtk WA, K%
T 537796 3000 1.79 Bk JE 5ok o A EER
J; 3 169.90 3000 0.06 BRvk, ohlek, FiEsuk
e 368.86 3000 0.12 dpEseR, R ALEgERiE
D-#745 M 144.25 10 14.42 HARRS 5 &
2,4- = ey 71.28 3000 0.02 Ak R AR
5-CH = 2-2(3H)-%% 388.41 13 000 0.03 A N S A S
CHREF®m 158.41 44 3.60 BAEA . BEERL ARTEAER
R 134.62 100 0.27 FAE N, HE B
253 BEABFARDSTH KB ETE S AT OAV (R 7), Hoig
4.0<10°1 (231500 . LM (660.86). (EE)24-TF /g
a0 (85215). D-FFiEM (14.42) [/SHRIEE (OAV)
o BE10BAE (H6), R & U
B ox100k L otHke. 734k, OAV KT 1 IEA TR (1.79). &
ot T B.60), JRIL T 6 AR, B
1.0x10°F X 6 Mot Ao LARE SR iR o
5.0x10° L LJ llL N L| L 7000
0005 10 15 20 25 30 35 40 45 50 55 6000

i8] / min
6 IREMHER A BE TR EEE
Fig.6 Total ion current chromatogram of volatile components of
Chinese chestnut powder

K GC-MS XRAFp & UM AT, HOR
RN At L6 s, il 6 Tf
K, OIEERE, BNERINRIEI B . RIEEZE
KR M Z 25 A KSR, FE 8 E Y 38 Mg A PR R o)
(R 6), HIE3 FIEER. 7 MEES. 4 FHIRZE. 2 Fh
M2, 10 Fibekede. 4 Fmskioe. 3 MlIRLL 5
FAt R G RN R AR T E B
K7 mI%A, HEFERT 4 FONBRIR. ek, BESRANREIE )
) 5 PR PR RS KK 42.47% 19.87%. 16.81%F1
5.85%-.

BN B i B R KSR BT TR RN
BT HAR BB . A e e i T BEAR
JUPA LM B, SAMED . ASCRXT AR
ERE ST M. SRR 2 S
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Fig.7 Content of aroma components of Chinese chestnut
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0

powder

R IR — M A BB R SR AR TR i B R TR 9
JE RN BB I R 42 I3 #or f LAE i S8 e,
FE— P S BNTE RO, AR R B A O
g, JKHIEE. Tl (EE)-24-F G, 2l
PR A S S R I A 2R o A ) L = U4,
BAFER, BIE, RSN & B Y
Jii 1041.77 pg/kg CHEFER MR 6.96% ) 4 H
MERA A N IR R A, iR A ARk,
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(E.B)-2,4-F Wl LA s P MAE RAM RS <. BT
BT TRIEMEES, URIERNEESR. 52
IR IEREISACEE & e 22 IS -A i LA JZ Sabine
Krist 55 B2 58 R K8 BRI 35 2 1 7 4 M XUk
YIFUCNRHEE (7.2%) FURREE (6.3%) —5(. B
JR E AR EIERR AU R P AE Y, 1 A
AWK REFCE, W& EB, 1-BERERA K
TR SR DA R R Bl BRERYITON IR . R
BEIR . BISE, HAOoOm&REA 5377.96 ngkg, N
TR R R R e I L
35.91%, HAMW. EWE. DIk, A G L
R, WA KRR, BRIR. TRt A IRIR
WEEIA . BRI 5 B oy FEERIE T IS |
JRAIGIE I FEAR S BRSO AR LA SO S s A S R
Z (B IS A N

3 Zhip

KHRE R T ARZEEMEL SInEL T
SRR PR 55 RSO s, i AR RS, HE
T TR T 2R T ZSHONENERE 190 C, ik
KEE 20 mL/min,  #A S MR I &R SR = 1)
5%, XPARGEBIE R iR VP E R, HIF IR
MR N RERIRAL. rhEMELE, KOOSR, &
FUR SRR, BRI R, AP, 2. Rk,
U558 38 PR MER SRSy, TR kel MR
O3 ) AR BRI 42.47%19.87%. 16.81%.
I OAV ffik T 6 Fh S &AW N CLE
Fl%. (EE)-24-T k. D-Frihls. ORI
e ARSI AR AR S AR 0 T R e R R )
RS T BT 2 o W AR IR 256 TR SR TR T A
A—EME.
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