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Research on the Processing Technology and Nutritional Evaluation of
Quinoa Compound Powder

ZHANG Qianfang, LI Min, MENG Jingyan, LI Hongyu’

(Institute of Functional Food of Shanxi, Shanxi Agricultural University, Taiyuan 030031, China)

Abstract: Using quinoa and oat bran as the primary raw materials, this study applied extrusion technology to create a
quinoa compound powder, and the nutritional evaluation of the powder was carried out. A one-factor test was used to
establish the process parameters. The optimal production process for quinoa blended powder was determined using an
orthogonal test with the following parameters: 18% material moisture content, 130°C extrusion temperature, 280 r/min
screw speed, and 20 kg/h feeding speed. The compound powder produced under these conditions had a pleasant flavor and
blended well, earning a sensory score of 92.5. The quality of quinoa flour was determined utilizing the nutritional quality
index. The results indicated that the ratio of macronutrients to energy supply in quinoa flour was reasonable. Besides
calcium, six mineral elements and four vitamins had INQ values greater than 1. With an Al value of 0.1489 and a TI value
of 0.243, quinoa compound flour's fatty acids ratio was reasonable and rich in unsaturated fatty acids. Thus, quinoa
compound powder is a high-protein, high-dietary-fiber, nutritionally-balanced food.

Key words: quinoa; compound powder; extrusion; process optimization; nutrition evaluation
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1.1 MRS5S

BAZRPRL . TR 2 Hy
RARRAF]

DZ65- I $UEFFETERZALAL ., F-1 R=CTEREHIL
RSB 7] s HK-8603KW ZRHUi st
T TEARB R B A5 AT B F] o
1.2 EWHE
1.2.1 WL B EET)S, B 40 H
i, FHEAZ Bk e py e ot 40 H T, LA 7:3 Y LB AR
BHLHR A 5), 4 H .

1.2.2 2237 phiipy il 45 T 2N G BURMY
JEoEL 15 kg, TG JFCRLK 43 & 520 18%, £f iR )&
130 °C, #2474 33 280 r/min, MR BE 20 kg/h /E K
FEHUCT 20 s R, RSB AL A T T2k
fbo FHRADR AR BT R T 20 Fp AR 9 R, 5
BYPRIK S S5 3 14%. 16%. 18%. 20% . 22%,
BRI EE A58 120, 125, 130, 135, 140 °C, MLk
ARSI 16, 18, 20, 22, 24 kg/h, WEAT4E 34351
S 240, 260, 280, 300, 320 r/min, %ZLLL FINEXT
B PR B DA IR L]

1.23 FHIET UMb FEsRHEZFESIGA S -, 5EH
BRI T 2554, LUBRE Vo R Fabn it 7 1E 3856,
T IR BEAZ phRR B B A 7= T2 0 IR R 5K
WL 1,

P b 22 fr b Bt

#1IEGRK R K

Table 1  Orthogonal test factor level

KF APPEDK SR BERHIRE DRI Dﬂ!,%ﬂ‘%ii
(%) (c) (kg/h) (t/min)
1 16 125 18 260
18 130 20 280
20 135 22 300

1.2.4 BV MBARHTITEL e 20 ZEVE VT
M (BB 1:1), Kt 85I X vhiE gt
TTIEE PR, BT LA 43 100 43, RAHEVE PF
SIBRUERTRE S AT T 45, BOV-XE RS e 4
1355, BB VFOr RS AR AL DAY (gt 5 1 LA
R, TN 2 B,

R 2 B MR bR

Table 2 Sensory evaluation rules of quinoa compound powder
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1.2.5 223 ey s IR e
1.2.5.1 EFRAMGTRAN KRR GB 5009-2016 HAHG
J7E:F1 GB 5009.88-2014, 52 JEUREFD i E Ay Aokl 85
H . 3R RARIEA Y. BN . K5 7K. BEE
LY S5 T R AER (107, I v H Ak
(Fe). BE(Mg) . #(K) . ¥5(Ca) . £¢(Zn) . fii(Se) . %fi
(Mn) B985 M GB 5009.8-2016 1552 vhif sy v 4
A B, 44K B, MR, 44K E & 25 KT
GB 5009.168-2016 2f—3:1 & 22 22 v Ky 37 Fhlg
TR & i o
1.2.5.2 B RIEREL b Z i E IR R
FAFAEDIRE 53 & f . BEIAEL, SR INQ B X Hafk
BTN .
100 g BBV 5B IR R E
100 g &I 2 5
o, EIREEIE N 100 g PP SRR SR
H A b #2555 100 g IR/ A
fAdg H Iras #4uag (Lh 2200 keal 31
AR H: H s & 32 F 3 A &2 (Recommended

INQ = = (D




- 218 - £ Tl B4

2023 4F 12 A

Nutrients Intakes, RNI1)Z:2% b [H Ji REEE FF =M
TR AR YA Hh 18~49 JH 2 R AE, Hidh 55 Loy
A EAEE LI ETHE, Wk 3.

3 OPEERBEERFMEGRAR

Table 3 Recommended intake of dietary nutrients for Chinese

residents
- R AR (H)

s 5 zz
fili(pg) 60 60
#k(mg) 12 20
#(mg) 330 330
#(mg) 2000 2000

5 (mg) 800 800

£ (mg) 12.5 7.5

i (mg) 45 4.5

4 FE(mg) 14 14
#e/E#E B, (mg) 1.4 1.2
#iAE B, (mg) 1.4 1.2
JHR (mg) 15 12
Y % C(mg) 100 100

1.2.5.3 ZE M Ig TR IEM ik ARG RFh
JENR VTR I & E T H 2L 22 vh R IR DT (TFA) |
MIFIAR TR (SFA) . BEANRAINRDI iR (MUFA) . 2248
AR R (PUFA) & i, 34 A=(2) . Ax0(3) it
BN KRR TS (A FIEUFE B (T, %22
22 PR R TR A T IRV o
Cl2:0+4xCl14:0+C16:0

Al = (2)
> MUFA + Y PUFA, ¢, + >, PUFA, 5 =
- C14:0+C16:0+Cl18:0
- 0.5 Y, MUFA +0.5 x Y, PUFA 33 PUFA ZPUFA,
SX Y +0.5x 3 weot3% w3t S PUFA,
X 3

1.3 #HiELIE
{di FH] Excel 2007 Origin 9.0 #4750 437 FE
&, IS METESE 3 K, BEEHME, 4550
{HEbREZE IR .
2 FR57Hh
2.1 EEHIFEMIZHML
2.1.1 BAREZRESEGEE R 590 WE 1 vTLIEH, bl
HIFBLK S B BRI, ZE22 i B E Vo5 e Tt
i E N, fERS S 18% BB R . 7EEE
A R b, S BRIR R E T, FOR K S o B %
FEMR P S RAEE, 7K ik /23t i AL BEAS 52 )
MREITERE, IK A3 ak 22 Sl TR LAILTET B 11 A vl
BE R B, BRAGr= S AL, S v R 4 TR
TEREE sh My A 7= T4, B R IRE R =
AR A SCER P 2R o R AL 2 T, S B R IR AR T
130 °C B, B 45 v B e B o, 7 ot 28 T B i T 4 o
BT Ok, BB I tam i in . 4B E
IR 130 °C B, 77 s BEMIL, AL BEREAIR, JF

75

1.4 1‘6 1.8 2‘0 2‘2
JEORLK 25 5 (%)
BT ORI I35 A B2 A il by R B P B R
Fig.1 Effect of moisture content of raw materials on sensory
score of Quinoa compound powder
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Fig.2 Effect of extrusion temperature on sensory score of
Quinoa compound powder
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AR HAZEAZ I TR, BB PR dde i
I 3 AT, B PROBRIE BE A3, 7 A B E
i IR R R R a . HHAL T
ZRAFAARIY, OB EERE N, JSURHE ST LN IE T
GO, IR 0 3 3 A S5 U1 T = 54, i vh i
M5 B R A B AT A 2 #1482, S B IPorig di Tes,
YIECEREE T 20 kg/h B, JFURHZE IEAA Py iz i
TN, BRI T3 R, IR NI T ELPRESZ A 34,
TERT Dy IR ™ S B R TR, SN IR
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Fig.3 Effect of feeding speed on sensory score of Quinoa
compound powder
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FFEBT R A R 45 BE B 1R] 25, o WA 3
o, JEokb2s sZ B R A8 Y1 S AR ST, KR £
Fag TS INIEALRE, T HH = dh B (B AT 5%
TR e e B Bt Rl A, P A AN, AR
AR, A IR AARBE TSI HE 4 A]F, iR
FFE% R0 280 r/min B, 77 S IR B PFr B o
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Fig.4 Effect of screw speed on sensory score of Quinoa
compound powder

2.1.2 ZEE BN T LA KA E T
Sy, e 4 AT, s2NREE A sk BV E PR I 3R
B UM 2y - MPBEK 53-8 B> 4% H IR >R >
MORHH R, FeR4lG 0 A,B,C,D;, BIZE A mhifsls i
AR T T 2008 YRk o33 5o 18% ., B Hi ik A
S 130 °C . MEHTH%580 280 r/min ., BERLEE S 20 kg/h,
DU R IB B PRI h 92.50 J7c
4 B T2 E S A R
Table 4 Orthogonal test for process optimization of Quinoa
compound powder

LR A B C D E
1 1 1 1 1 74.05+0.21
2 1 2 2 2 84.10+0.16
3 1 3 3 3 82.90+0.30
4 2 1 2 3 88.80+0.31
5 2 2 3 1 91.05+0.36
6 2 3 1 2 88.85+0.19
7 3 1 3 2 77.50+0.22
8 3 2 1 3 87.10+0.20
9 3 3 2 1 82.254+0.21

K1 80.35 80.12 83.33 82.45
K2 89.57 87.42 85.05 83.48
K3 82.28 84.67 83.82 86.27
R 9.22 7.30 1.72 3.82

2.2 EEZHIRAMEFIFN

2.2.1 FEE phER AR T i 5~Fk 6wl
1, 30 L B A Ay g e K R PR A T, BEEE iR A A Ll
By, NRTFITERY & BEREAIR, ZR Al S a4 s
BT S, 208 GB 28050-2011 P HER FIE 358
Sy BB BRI ARA, TR 25.07% KT 10%
[E & R E 57 2527 (H (Nutrient Reference Values,
NRV), BEELF4E &R 15.05 g/ 100 g KT 6 g/ 100 g,

Fra e R R E LT YRR i 20K, HZS R E IR RN
HERE EITEHEE O I N, WEREUS I AR H A1 T
5, XA I Z R A — B3R5 | A

5 B MR K EURHEERS LSBT (%)
Table 5 Analysis of the basic components of quinoa compound
flour and its raw materials (%)

5y R e Bk B3 il
HEHET 11.72+0.17 22.83+0.02 15.04+0.05
K53 2.30+0.01 3.85+0.04 2.89+0.01
3] 10.35+0.02 7.17+0.01 9.34+0.02

R B 2T 4 10.98+0.12 26.45+0.09 15.05+0.21
TER 63.88+0.13 39.5140.12 57.34+0.13

T IR A R AT 2T

* 6 EAL ML R ERRAREL
Table 6 Energy supply ratio of macronutrients in quinoa
compound powder

ERER AMDR(%E) B&¥YEFH i (g/100g) HAELL(%E)
SR E Y 50~65 58.32+0.09 57.23
HEER 10~15 15.04+0.05 14.76
py! =g 20~30 9.34+0.02 20.62
pogslsing <10 2.2+0.02 4.86

11:: AMDR=Acceptable Macronutrient Distribution Range, %t & 77 R 1] #
A %E di B 1 H 43 o

2.2.2 B PR E SR RIS T BRI
M2/ LIFANRE S 43 BT B SR E, S5 G ErE
FR T EH GIXEY IRty iE:, A gexr—F e
HE FR AT LR TR . INQ H YA/ INAT LA B
e iRk ae BRI AVE SRR EETT . 2 INQ<1
A, ZeBHIGRAS B B, B TCTE S AR R4S
MEFRER; INQ>1 B, RIJEWIRALE IR R WEE JI R
TR YRR ], X — SRS S TR A
A g ARER ] S T O 5B IR R Y,
RE IR Z, INQ [H IR AE/E I — M AE 0.95~1.50
ZIa)en,

W o e NARA: A i Sh IR0 3R, A R
APV E R, AT B BTG A, AR RS i e
A P e R, RS = P, R 7
TN, B E IR R TS S NS AT AN, R BE
B BREZPPEY)ROGER Y INQ (HASAK T 1, nTLASS
MNP RS ITRTTER . BR T W0 BA b, 2 vhi
B EAFEENHAEE B, B,. B, 44 E E.
B JiE4EAE F AR RE A QI AN T sl i e 43, X1
YRR B R AR SRt AT F B i P, A phi gy
SRR B Ve, 33X AT R N T R v 2 S 3L
Ve 73
2.2.3 FAZhRNRIITR S AT NRITER I ZH B L 151,
S5 I I AR I R A VIO AR NIRRT &
HOHR T, ANURIIR DT R S5 A AR D R 5 U AR RS,
Ko AR AAR I35 PR I T st 55 e FUSH7 0 M Ao B A
FIP, R 8 Wl ZEEZ Ky SFA. MUFA . PUFA
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Table 7 Analysis table of nutritional quality index of quinoa

compound powder

IR W HEBAR  BWEFRERE/N10g  INQ
fili(pg) 60 12.70+0.13 1.14
#(mg) 16 4.24+0.01 1.43
£ (mg) 330 97.00+0.11 1.59
£l (mg) 2000 681.00+0.05 1.02
5 (mg) 800 101.00+0.21 0.68
£ (mg) 10 2.86+0.01 1.03
i (mg) 45 1.24+0.01 1.49
4t FE(mg) 14 2.65+0.09 1.02
JHPR (mg) 13.5 2.4240.07 0.97
4iEFB, (mg) 13 0.34+0.05 1.40
4t/ KB, (mg) 1.3 0.23+0.01 0.95

i C(mg) 100 A H

* 8 EEAL MR IR K 2 (/100 g)
Table 8 Types and composition of fatty acids in quinoa
compound powder (g/100 g)

NEIWiR T
C14:0 0.0120.00
C16:0 1.010.02
C18:0 0.07+0.00
H BRETiS
(o FIRE W2 (SFA) C20:0 0032000 1-17£0.02
C22:0 0.030.00
C24:0 0.02+0.00
C18:1-9¢ 2.6240.01
HORML AR R (MUFA ) C20:1-11¢ 0.1£0.00  2.80+0.01
C22:1-13¢ 0.08+0.00
C18:2-9¢,12¢  3.47+0.01
Z A FINEIFR (PUFA) C18:2t 0.02£0.00  4.05+0.02
C18:3n-3 0.58+0.02
HAbfig iz ND

Y L 191 43 531 Sl 14.55%. 34.83% Fll 50.37%, PUFA/
SFA FuAE & 3.46, T 24 PUFA/SFA FUAE T 2 Bk
A I AR Ds, H ELAE AR SR A I i o

ARE AR TR A A A B8, MUFA
VIR (C18: 1) AT LAk 4% . BRARE P ie i s
mnfk, PUFA Ao 7 SIE T 52 BE A REEALC L7 o I [ B Fr TG
BN R I, PRI REAZ DR [ H -
i AP IR R R ) 5 BB, A8 AR AR, 232 v
i S S E AR . IR ER IV RRRR, ZZ AN AR
WilR n-6/n-3 FLF > 5.98:1, £F-5 B & FER AR 4H 41
(FAO) Fii b [H ' 324 2s 232 e & b PUFAn-6/n-
3 WEAELME (GBI (5~10) 1 1 FN(4~6):1),

MR AR D7 1) &t AR A v ) AT (B N
0.1489, TI {E>N 0.243, (IR TR B HEAFE L, 252
R RSB S, NB TR ANV AN BE /=5, e sh ks
FERE AL RN A% S50 AT RETER /N, HIR I IERE gk
%, ASE A0 ERE, 3 SRR A il s AR E .

3 g

VUBCE VP41 TR IR, XFEZE vhii iy A 5= T 23

Trittb, 459818 KA B T 2R Yrkbkor& &

18% . FriIRE 130 °C | BRFTHEEE 280 r/min ., HUEHH
B 20 kg/ho DA T 22472 02 22 vhifl iy (e 3957,
S5 b, FURRA IR, AIRIR L2 15, B
B3 92.50 41

DL 7 5 F8 BO0 B2 52 ahi oy $EA T8 RPN,
RS Mk 2 B A SR AR AL RE LG B, W S BRI
AR, BRESICESS, 6 P W BT 4 P g A= | 1
INQ {HIIR T 1, IR A5 B], AR TR %
B, AL TIE 354 0.1489 Fil 0.243, M/ T
FRAREHEAZFEEL, —FE TR 5 B R A s A &
G ET LT AR, 5 5O LR B R d A B A
B AWPFEAT DUCAZR A B BT A SR T B
AT FEAE, RIS o ) R S8 $2 A3 17 B 2Pk
AR EDRs i A2 7 JEORHR T2k st Fl, B0 8p—, S
AT LA 2 AP ISy 5O Can IR | SEAE) ST TN
T, PAAE B Y RS AP
S 3Lk
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[2] FILHO A M, PIROZI M R, BORGES J T D S, et al. Quinoa: N
utritional, functional and antinutritional aspects[J]. Critical Re-
views in Food Science and Nutrition, 2015, 57(8): 1618—1630.
[3] AE3%, is Ak, a4, P EEL > RIKRI] M & E,
2015(5): 1-5. [ REN Guixing, YANG Xiushi, YAO Yang. Cur-
rent situation of quinoa industry in Chinal[J]. Crops,2015(5):
1-5.]
(4] &%, LA, REAR, F. AL ENERAL b af
R [T, bR S, 2021, 29(4): 1-11. [ GUAN Xiao, MA
Zhimin, SONG Hongdong, et al. Research progress on nutrition and
functional properties of germinated quinoa[J]. Science and Technol-
ogy of Cereals, Oils and Foods, 2021,29(4); 1-11. ]
[5] Amig, 2%, SMBME LA TRARZEDFARA TR
[J]. #f 5 3 fig, 2022, 35(4): 11-15. [ HE Liyuan, WANG Ling,
LU Junmei. Research progress on nutritional composition and
biological function of quinoal[J]. Cereals & Oils, 2022, 35(4): 11—
15. ]
[ 6 ] PEREIRA E, ENCINA-ZELADA C, BARROS L, et al. Chem-
ical and nutritional characterization of Chenopodium quinoa Willd
(quinoa) grains: A good alternative to nutritious food[J]. Food
Chemistry, 2019, 280: 110—114.
[7] VALDEZ-ARANA J D, STEFFOLANI M E, REPO-CAR-
RASCO-VALENCIA R, et al. Physicochemical and functional prop-
erties of isolated starch and their correlation with flour from the An-
dean Peruvian quinoa varieties[J]. International Journal of Biologi-
cal Macromolecules, 2020, 147: 997-1007.
[8] M, stk IRA, F. HEAR BL LTS AAREA
fo & Mk g BT R (T, F B R 3R, 2022, 37(5): 63-69.

[ YANG Rui, DANG Bin, ZHANG Jie, et al. A comparative study
on nutritional quality and antioxidant activity of barley, oats, and
quinoa in Qinghai[J]. Journal of the Chinese Cereals and Oils Asso-
ciation, 2022, 37(5): 63-69. ]
(9] Foher, AW, EEE, F A AAAFETRRELKRE
SAT R (1], 3 4%, 2022,44(11): 1009-1027. [ LI Linghong,


https://doi.org/10.1016/j.foodchem.2018.12.068
https://doi.org/10.1016/j.foodchem.2018.12.068
https://doi.org/10.1016/j.ijbiomac.2019.10.067
https://doi.org/10.1016/j.ijbiomac.2019.10.067
https://doi.org/10.1016/j.ijbiomac.2019.10.067

%443 5 243

AT, &5 W IN T R B SR - 221 -

GOU Tong, REN Aixia, et al. Progress on genomics and locus of
important agronomic traits in Chenopodium quinoalJ]. Hereditas,
2022, 44(11): 1009-1027. ]
(10 ] BREAE, B, 7 AT R e i 3k 8 R o a7 (1.
£ 3 T A3, 2020,41(23):266-271. [ CHEN Zhijing, LIAO
Chengsong. Comparative of 7 different varieties of Chenopodium
quinoalJ]. Science and Technology of Food Industry, 2020, 41(23):
266-271. ]
[11] BFS. Agency. Nutrient Profiling Technical Guidance[R].
British: British Food Standards Agency, 2009.
[12] ARF, &5, KT, ¥ —#Heyeitiasinsny
w5 5 R (1], %553k, 2014,36(1): 63-68. [ ZHOU Sheng-
sheng, LI Lei, ZHANG Ding, et al. Development and application of
a new food nutrition evaluation index[J]. Acta Nutrimenta Sinica,
2014, 36(1): 63—68. |
(13 ] #ikik, a2, MAL, . BRFETHRMAIAE T ILAAR
aERMAL ] Ak T A5 T E 4, 2020,31(3): 80-83.
[ YANG Qingging, XIONG Bi, WEN Sheng, et al. Evaluation of
nutritional value of common grains in Hubei Province by nutrient
profiling[J]. Journal of Public Health and Preventive Medicine,
2020, 31(3): 80-83. ]
[ 14] DREWNOWSKI A. Defining nutrient density: Development
and validation of the nutrient rich foods index[J]. Journal of the
American College of Nutrition, 2009, 28(4): 421S—4268.
[15] ENDO Y, TSUNOKAKE K, IKEDA 1. Effects of non-
methylene-interrupted polyunsaturated fatty acid, sciadonic (all-cis-
5,11,14-eicosatrienoic acid) on lipid metabolism in rats[J]. Journal
of the Agricultural Chemical Society of Japan,2009,73(3):
577-581.
[ 16 ] INNIS S M. The role of dietary n-6 and n-3 fatty acids in the
developing brain[J]. Developmental Neuroscience, 1999, 22(5-6):
474-480.
[17 ] ULBRICHT T L, SOUTHGATE D A. Coronary heart dis-
ease: seven dietary factors[J]. Lancet, 1991, 338(8773): 985-992.
(18] ##idh, M, RE:47, F. 54 8 &L P AH G54 1]
£ 5 Tk ,2022,43(2):131-136. [ HUANG Wanru, TAO Li,
SONG Shixin, et al. Development of probiotic mixed oat flour[J].
The Food Industry, 2022, 43(2): 131-136.
[19] HE X F, YANG F M, ZHANG M X, et al. Optimization of
quinoa and pumpkin compound powder formula[J]. Modern Food
Science and Technology, 2019, 35(4): 209-216.
[20] MRELK, 77 %, @A 5, . 3 A TAF P A 09 T K T2
HAL[T]. £ T 1, 2020,41(8):81-85. [LEL Q, WAN Y, XI-
ANG D B, et al. Development and process optimization of quinoa
and chia seed powder[J]. The Food Industry,2020,41(8): 81—
85.]
[21] Tk, kevt, HHE. K GLIL K8 T LR TN
[(J]. & su#F3%, 2022, 47(3): 175-181. [ DING Changhe, ZHANG

Jinye, GAO Yajun. Process optimization and nutritional evaluation
of low GI steamed bread[J]. Food Science and Technology, 2022,
47(3):175-181. ]
[22] PEERFA FPRERBLZRES (M. LT ARE
4 R AL, 2016:269-284. [ Chinese Nutrition Society. Dietary
guidelines for chinese residents (2016) [M]. Beijing: People Health
Publishing House, 2016: 269-284. |
(23] &b, kb5, 340 5 HFEBATRY AN L LB
7 [I]. AR5 Ag, 2021, 34(1): 75-78. [ MENG Jingyan, ZHANG
Qianfang, LI Min, et al. Research on processing condition of extrud-
ed highland barley powder[J]. Cereals & Oils, 2021, 34(1): 75—
78. ]
[24] F345. SIFAFHEBAH & R LS5 I0e TEHRAR
B [D]. d: dF Rk X %, 2019. [ LI Wenting. Study on the
technology of producing cereal powder with sand rice by twin-screw
extrusion[D]. Nanjing: Nanjing Agricultural University, 2019. ]
[25] GONDEK E, JAKUBCZYK E, WITROWA-RAJCHERT D,
et al. The influence of different extrusion parameters on acoustic
properties of crisp bread[[C]//Valencia: International Conference of
Agricultural Engineering, 2012.
[26 ] SOREN N M, BISWAS A K. Chapter 2-methods for nutri-
tional quality analysis of meat[M]//Meat quality analysis. Academ-
ic Press, 2020: 21-36.
[27] BsSA, 2. £RE G HREFMNE T RN ]
£ & A+ 30,2010,35(7): 81-84. [ YAN Wuli, WANG Linjing.
Measuration of mineral elements and nutritional evaluation of edi-
ble mushrooms[J]. Food Science and Technology, 2010, 35(7): 81—
84.]
[28] RoAkik, Bau4h, Bk, 5. BE Y ST HRAALEEEN
BB AR ], & B A5, 2019, 40(24): 241-245. [ LIANG
Shuilian, LU Daizhu, ZHOU Ruohao, et al. Quantitative determina-
tion and nutritional evaluation of five minerals in banana[J]. Food
Science, 2019, 40(24): 241-245. ]
[29] VAHID F, HEKMATDOOST A, MIRMAJIDI S, et al. Asso-
ciation between index of nutritional quality and nonalcoholic fatty
liver disease: The role of vitamin D and B group[J]. The American
journal of the medical sciences, 2019, 358(3): 212-218.
[30] DROUIN G, CATHELINE D, GUILLOCHEAU E, et al.
Comparative effects of dietary n-3 docosapentaenoic acid (DPA),
DHA and EPA on plasma lipid parameters, oxidative status and fat-
ty acid tissue composition[J]. The Journal of Nutritional Biochem-
istry, 2019, 63: 186—196.
[31] 3RE, RODHE, A, 5. 18 A & BRI B 2L R H9
YO8 o M7 B R RN (1], F B 3R, 2021, 36(4): 90-95.
[ LIU Zhenlei, ZHU Yukang, LOU Qiaoming, et al. Comparative
analysis and nutritional evaluation of fatty acid compositions of
eighteen commercial nuts[J]. Journal of the Chinese Cereals and
Oils Association, 2021, 36(4): 90-95. ]


https://doi.org/10.3969/j.issn.1006-2483.2020.03.020
https://doi.org/10.3969/j.issn.1006-2483.2020.03.020
https://doi.org/10.1080/07315724.2009.10718106
https://doi.org/10.1080/07315724.2009.10718106
https://doi.org/10.1016/0140-6736(91)91846-M
https://doi.org/10.3969/j.issn.1008-9578.2021.01.021
https://doi.org/10.3969/j.issn.1008-9578.2021.01.021
https://doi.org/10.1016/j.amjms.2019.06.008
https://doi.org/10.1016/j.amjms.2019.06.008
https://doi.org/10.1016/j.jnutbio.2018.09.029
https://doi.org/10.1016/j.jnutbio.2018.09.029
https://doi.org/10.1016/j.jnutbio.2018.09.029
https://doi.org/10.3969/j.issn.1003-0174.2021.04.016
https://doi.org/10.3969/j.issn.1003-0174.2021.04.016
https://doi.org/10.3969/j.issn.1003-0174.2021.04.016

	1 材料与方法
	1.1 材料与仪器
	1.2 实验方法
	1.2.1 藜麦预处理
	1.2.2 藜麦冲调粉制备工艺单因素实验
	1.2.3 挤压工艺优化
	1.2.4 感官评分及数据分析方法
	1.2.5 藜麦冲调粉营养评价
	1.2.5.1 营养成分检测
	1.2.5.2 营养评价
	1.2.5.3 藜麦冲调粉脂肪酸评价方法


	1.3 数据处理

	2 结果与分析
	2.1 藜麦冲调粉工艺优化
	2.1.1 单因素实验结果与分析
	2.1.2 藜麦冲调粉加工工艺优化

	2.2 藜麦冲调粉营养评价
	2.2.1 藜麦冲调粉基础成分分析
	2.2.2 藜麦冲调粉营养质量指数分析
	2.2.3 藜麦冲调粉脂肪酸分析


	3 结论
	参考文献

