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Progressin the Investigation on Nutrition and Starch Properties of Quinoa
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and Technology, Shanghai 200093, China)

Abstract: Quinoa (Chenopodium quinoa Willd.) has gaining wider attention for its well-balanced nutrition in
recent years. As the main ingredient of quinoa grain, starch accounts for more than 50% of the dry weight,
which plays an important role in defining the functions and properties of quinoa-contained products. Quinoa
starch has smaller granules (1~3 pm) and lower amylose content, compared with other grains. Its
amylopectin contains a larger amount of short chains and super-long chains. In terms of nutrition, quinoa
starch contains a higher proportion of slow-digesting starch (SDS), indicating its possibility of being applied
to produce processed food with low glycemic index. Furthermore, quinoa starch has many applications
within and outside of the food industry. To provide theory to support the application of quinoa in different
industries, this paper reviewed quinoa’s composition, starch structure and related properties.
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# A2 ( Chenopodium quinoa Willd ) J& T Wik}
BVREEE , TR T R S5 PN T L IR
FIAEEE N, LT Fipk 2 b - 35 s RAh A
JEB WA M E LR AR . B R
AFEWEAR, HAEE B2 R 4
ERMERR S B . WA, BERRTS
AFENT Y. B ERA AL GERE L LM
—— A DA R AR EEAE R OR Y AR
s U FERME R KR ALY, T
50%0LA b, HOREEAZ AHSGH] SN T BE S
TR R eI, AR B E IR Y
R R VER AT . BRAGE BRI A S
HEAT TR, DU 2 0 T 5 0 42
(isibie =8
1 EZHHNHESR
EERE

BYNVER N B IR B R, AT
LR AR BT (KR o A . 5 HA =2 A M
BEY (KOk. REZ. NE. £k BE . 5
%) MW, BEESHEEWERME. #EES5H
RS 28 T2 LR 1 s,

11

M

*1 FEEX5HMAMNERNELRE (1009 7TREH) @
Tablel Comparison of nutritional value of quinoa and
other grains (100 g edible part)

Wy #EOKRK O REONE OEXKR O BE AR
N&2/g 6.07 055 130 247 474 1.63 3.46
EMF/g 1412 681 991 13.68 9.42 1034 10.62
WKor/g 270 019 0.62 1.13 067 098 0.84
4%/ 7.00  2.80 1560 10.70 730 15.10  6.70
WiXs/g 6416 81.68 77.72 71.13 7426 7586 72.09
e /keal 368.00 370.00 352.00 339.00 365.00 338.00 329.00

1.1.1 HEAE

TEREZ R R T Bh, EE R & &1
13.8%~16.5%, SHALSYIAHLL, ZEA 0 HE AR
SHETRE., KK, BX%, 5hEEARS
AR 1), BEEAFLEHAEA(35% ).
BREM (37%) M EMBEEEAUASEASA
S, BEAE I REL, SR, 2
2 R SRR A B T AR ) S B RR A R
HEANEF LR 8 Mk, &S 41
H R AR AL, ZE A W, R R

R R IR, (B PR B R =
1 H & 4 &Rt vl DA 2 L T K o X
HSN (JLZE ) AT AR, B2 TR
L2 R 180%( 152% ), 5L R 274%( 128% ).
Tz MR 338% (123% ). RN + BZATR 320%
(97% ). &AM 331%(88%), (AL &M 228%
(103% ), 4R 324% (120% ) Pl I FHEE
I R B H i, AT DI S A R 14 2R 1
J RV
1.1.2 ik

B PRI G Y B 5N RORA Y,
0% A, o iE R R oK LA ) £
R, (O 50%. AN, #EThREH
BALEENREES g, BEETESELE 1%
9.7%, VEETRKTH 2.8%, HP RS LT
%15 6.8%~8.4%!7 DRI AR A 1 hy T A 1k AT
PERE LA RORIR , 7ERE bl FF 5 1
A 7K S R [ i S
1.1.3  Jg%

BRI B 2R 2%~9.5%, H il =B
di BRI 50%DL L, JFHE SRR, 420
MR, oV RRFR FIAE A DU R o H: o SV PR R 1T LA
YA N R BEER (EPA) R+ RN
iz ( DHA ), EPA #l DHA XJ JL &L & . His .
Hh 2 A N Bk ok R A5 Ak N S i 4 AR A A
Mo BRER TR 5K G BRI, B
R WA RC L 5 KGR, #A & & 2 A AR
iR, & B B R R, AR — R
FF 5% i S i b 2R i LA a5
12 WEEHRZ

HERGWMRERE, MBEEZMT Y,
PR Y B FINFIR & A E, 100 g 385
TS S 2 B6 AT ER AT LA 2 — A B4R A
M H TR E, 4iAR B2 Ml e A H 40%
FLHAE H 80%H 7 220 284 thdfi /L K BI (&
HALFHE MR, HREE44ER B2, B6 Mt
R K3 T HAL S Y. Beoh, B R R
E MR R, SiimmT/AhE; f4E% CcE
AR RNEE 2 1 B2 LA K T i AR A 25 2 Bk
R G SHAS YL F SR R 2,
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®2 FESHMERSWELEESENILE
Table2 Comparison of vitamin contents between quinoa
and other common cereals

T S HEVER 2 B o- (1,6) BETTEE I s i S TSR
S 1 o TER R Y LR SR E B B 2 R A L)

me/l00e AR R R, IR, AR
s N 25 7 = N L) . Y
ALERE RE KR MR KRR RE s i SR BRI 5 S
VA 0.39 NR 0.02 0.01 0.21
PN \ e 0z g\ A L aan
VBl 038 047 055 049 046 LAY BB . SCREVEM B LU LR 3,
VB2 0.39 0.10 0.16 0.20 0.14
VB3 106 508 5 88 sa4 180 %3 EESHMENAYER/ IHENSELE™
' ' ' ' ’ Table3 Comparison of amylose/amylopectin content between
Ve 4.00 0.00 0.00 0.00 5.00 guinoa and other common cereals
VE 5.37 0.18 1.15 0.35 5.46 EEEEM T4 /% SRR T AN IL/% B/
R 7.000.29 84.24+1.54 1:12.03
BEMNPEAEEENT YR, YW TRERN N 35.5420.23 62.17£0.32 1:1.75
ﬁi%d\iﬁg ) 1;%, 7J($E1£§KE@ 5 ,ﬁ;,:h jE;H\: Ca j:?f 31.88+0.14 60.27+0.55 1:1.89
P = A NS 41.9240.52 57.52+0.62 1:137
1 Fe (1907 it i THAU Y o Ut BOHEEZ N Ak 25.75+0.11 66.88+0.38 1260
DR IEE R A 5 kK &, & Fe & attun] LATR B KA 18.68+0.14 81.28+0.30 1435
P 1] LTS 0.65+0.45 91.730.11 1:141.12
SRERNE T AR B A = 28.04+0.21 49.80+0.70 1:1.77
R 17.25+0.00 76.860.62 1:4.45

1.3 EWiEER S

BEGAFENEE . BB L2
PERY . REE TR AT 0%, X T 4R AR &
At B HLAT > B R R A ED, BRI
X FREEZ MBS AR Emm, AR
Mzl bk, ARBFEAPEE . R
B DUR . REORARREIEE . BEIRE . Uil b
Ve YO, A SeBE A PR IR BT e b, B
ZEAFRLHAE Y B R 24 120 mg/100 g, Hip
FALHE - B (63.7 mg/100 g ). HE %
(15.6 mg/100 g ) FI=RHFFHIEE (3.2 mg/100 g);
A ] Pt — R AR L G W, 45 | 5 E R R
oL, AE S Mt a5 4 IR I 52 g 3 v TR S DA
T 38 AP 1L 975 AL 31 P 7, O BRI 0 i 1 v 3
ks RERE AL RS B T A B, A, AE W S B 2
AR PrERPUEER . S8 ZAET
HYEEY T, R-KEAEEYIEENLEY,
TN 3 Pl W, BTRAILAE . X H A
ST RN A PR B R S AT I, R BT
AL FE A 16.8~59.7 mg/100 g, i a] v it i 2
BT 5 R 7%~61%, R ILHER AR SMIT A
PR 12
2 BEEMEM
21 EZEMYFHEEN

TEM F2 B R TE M T SR VE R A . B
HETER BRI o-( 1,4 ) B R T,

TLAEVE N 5 S TE R 0 ph A A T R A
i, BT HERE SRR, HRAE O AR,
TER ) 3R A BE AT AR BUE AN, LA VE AR AT LA
B SIS, AR B G AN B s WORAEL, R
I EG A SR A B 1A RN 5 i S T B 2 R A R B 2%
A DRI 43 SN W, RIS S R IR A
FIRT & Fe U eah, a8 ] DU R ST HERH €3
( size-exclusion chromatography, SEC ) RKAF57 ¢
K00 5 TR o SR JE o 1) B A K 0 A AT AR
JE R G (degree of polymerization, Rl DP {f )
5E LML : fa (DP 6-12), fb1 (DP 13-24), b2 (DP
25-36), Al b3 (DP>36)"", M4k f Jr o H1 4y 52
MBOLE, T LU BB SORAMEREE (R
Uit A1 43 32 2 (8] B B ) RIS BB (PR > 93 S 2 [a] 1)
GEBO! B SRR B R T LR 4
22 BEEMEREN

VE M R SR AR 1A [ 2 5 HES 2 1A 7 1Y
S X AT T ETE X, JEM fh TS5 & 32 3
W 7 SN T AR Rt o i A
KA &K JEMBUR R/ BER AR, AR
X-HHEATHERE, WML A B, B A, C
(A A RS B AL v RIUS v O RER
— PP EEEVE R S AR A, A =R S
B L RE SR TERY B L SRR AR O, FE
KIRvER Bk, —ih, A BIFEORIFE T4
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Table 4 distribution of unit chain length of quinoa amylopectin %
iy FE T B Y SR B A A FE T EE IR (1 B B A AT
fa fbl b2 b3 Fa Fbl Fb2 Fb3
S3 26.9¢ 43.6a 12.3e 17.2¢ 45.0cd 42.0b 7.02¢ 5.93d
S6 26.7cd 42.4cd 12.8d 18.1b 45.3c 41.1d 7.34d 6.21bcd
S14 28.7a 42.9abc 12.2¢ 16.1d 47.5a 40.3¢ 6.81f 5.40e
S15 25.1g 42.1d 13.7b 19.1a 43.6f 41.7¢ 7.99ab 6.71a
S17 25.7f 43.5a 12.5¢ 18.3b 43.9f 42.6a 7.20d 6.34b
S21 26.1e 42.6bcd 13.1¢c 18.1b 44.6¢ 41.5¢ 7.59¢ 6.24bc
S22 24.7h 43.2ab 13.1¢c 19.1a 42.7g 42.9a 7.71c 6.72a
S24 27.4b 41.1e 13.8b 17.6bc 46.5b 39.6f 7.89b 6.03cd
S26 26.3de 42.5¢d 14.1a 17.1¢c 44 .9de 41.1d 8.10a 5.97cd
S 26.4 42.7 13.1 17.9 44.9 41.4 7.52 6.17

TF: S3, S6, S14 SN ARFMMNEEL; fRRETHIEMEERM, FFRRETEREKMNEERD M a, bl, b2,

b3 J&1§ DP 7

6-12. 13-24, 25-36 #I DP>36 i [l N AW [l [Fl—1 rPoAS IR] 5% B (9 {6 22 57 (. 35 (P<0.05)
Note: S3, S6 and S14 are different varieties of quinoa; F is chain length distribution based on weight, f is chain length distribution
based on mole; a. bl, b2, b3 refer to the range of DP in the range of 6-12, 13-24, 25-36 and DP>36; The values of different letters in the same

column were significantly different (P<0.05).
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VEA 55 AR WA ey XS AT O IR, it
T 5 AR A B A A RS
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1 BREMSHMEREWEH XRD 757 E

Fig.1 XRD diffraction pattern of quinoa starch and other
common cereal starch

Regulus 5.0kV 9.5mm x10.0k SE(U)

R

M L E AT, B2 iE M AE XRD ATt E 260
o150, 17°, 23°Qb AT, X5 A Al
AR, B BRI R YIVERT s 7E 20 °Ab 1Y
TR A V B IRAEAE , IR REZZ JE kv
E A EAETERY AR TR A AR b AR B A B it
LENEBAT A DR i — B, BeAh, A
ORI SRAE ZE 2 SE R O 285 BB EAE 21.5%~43% "), {IK
FHRRTENS (48.3% ) 1M 35 T HAb S Wi
23 BEEZIEMBNEN

7 Ve Ry UKL IR B 0T LA 3k 4 R T S
( SEM ). B4 7 W iBE ( TEM ) SFH R X2 A
TE R TR )T S T 5% o 222 E By ORI
FEAE 0.4~2.0 pm JEEN, /T HALKR ZH0HEY)
AR RIVE R ; B VER TR 2 08 AR B
) CULIE 2a); H—ZEZ JEMURLAE T AR AR
RN AT TEM g8

egulus 5.0kV 9.6mm x2.00k SE(U)

2 BEEMETN (a) MEBEE (b) AMBEER
Fig.2 SEM images of quinoa starch granules (a) and aggregates (b)
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B, FE A E R R B0 LA
R R

B VERY R L DL R BRI A 7E (WL 2b ),
XEEERIE K I RERFRASTFE 10~30 pm Z
], &4 A FER B 14 000~20 000 PP ix
SE IR AR TE B AT i B TR AR,
PR A9 & B N 18 2 P g T DAPE HE T BT 43
i,

3 BEEEMBUERSELSE

TE R 1 AL P T A 5 VE A AR AR . A
AV ARREME . AR T . YRR e
PESE B TR I BIL:  X BE  AE A E R
(A AR A 2B W R, X Sk 5 | A9 AR
R N TS S VN e N7 S A R P = Al
BRI TERE R A RIRE  FERROK
LAY ARE R TR, & BT AL AN AR X A
g SR BRI . B, ek i s
PECL B BHIF A BRVE TR R S A s R
31 FEZEMRIMLEE

VER O IE R LG R B S T, A HE
AN T Rt . A A R, TR RO
FERT LAY ] =ABr Be, B AT K B Be . AR TT
PR K B B RO A B B, LA B E R 1)
TOEE R AT TP A2 R TCIT o SER K A & A= 40
fREE, BIaRB B, Ko TE R 437 8] AR At it 2R
TR BR e A, S S B0 K o T & AR W UK K
VE RS R BE AR LR o SR 8 i — 25 A
BET S, BRER MR R, E2f K
S S TER S FHAITEE S, FEOE R PR &
AR, R BE R AR K . BLI R Ak sl A,
WIS, e PR gk oK ik, &R i
ORI 2, R TE R . FERI AL B 2 1 bl
FHVER RS BEAR L, PRI AT LR PR RS A
(RVA ) XHE R R et B b rill e, #2236 By
) RVA Rtk i 42 LA 3,

WNE 3 B, B2 SRy RVA RRrE 4 R i .
FEZ VE M TEBARTR B TF AL, SR i e By
TORL AR A, KT iR PRI, s R
ORLIREE ; BEE R MLk T, TR IRGE T
AR BERCIRAS , KSR MERS K, 78 95 CAEA

4100
800 |-
5 600F 180
& P
< 400 ]
g i
200} 160
of—

- - s s s - 140
0 200 400 600 800 1000 1200 1400
B al/s

B3 EEEH RVA S5
Fig.3 RVA characteristic curve of quinoa starch

ik B e RAE , B A ORS B Ol i W RS FE ( Peak
Viscosity ); HEFE 95 CHFLEm, ¥ 7R i ik
MY, Rl R B T B B I A R B2 ( Trough
Viscosity ), UK BERIRAS R FE RO 420 s H28
ZEAZ TEN IRY B T 2 TR B A R | TR 3 o
JE A BE ( Final viscosity ),

5N TR vER 5 HE =R HIE R Y
RVA FHE{E . HIBHR AT, AN [FIRP2EE R 1)
RVA FHIE(EIFAAE & 255 . Hib, B8 ETER
R e DAY B e v, LR BEZ VEHY, ARG IR
FORTER I/ NEVERY . BEETEH 5 T KIEH . D
BYIETEN . /A TE R Z [A) AR R YA
25, DR ETEM BRI R, HIKERAEE
¥, PR FOKTER, /NETEMm RN, T2
Bral s, FEAEVER S EKER . SREER . /D
2 VERY Z ) 1 I S R B AP A B 35 25 o OBEL
B T UE R ¥ HV IR B L RE VE A A ER HE
G, FECTAGEERGR, R SCHE R DL SR A
TER VR AR MR TE R B AR A R L
EAAR, MIBEIITEM B2 5 Inl A e fl, B issE
PR SRR I SO B R, HOUGE oK
VERYFNREZZ VERY, NEVER B, HJ7 2250 ]
M, BEEZTEMMEKTER . DRBEEH . DNERE
W Z B RMEI e R 2R . BEETEM IR
PEDC L T DR BEky, HI/NERER &, U
R 28 22 T My Lo/ INZ2 T I AR R, By 24k,
AV AR Pt v T D8 ek, AT H 10 8
B SR URE S, 18R] DL T R B i i B AR
PAME S R Ah IV E A G, fTE—REOLT,
FeE VEBOR I TE AL, PAIRE R/, FTLAAT LA
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PR R B R B P, g s AT, o
Y ETER AR SR, TORTERMIKRZ, EEEH
I/ o BEAVERY HIRAIRME AR /)N, D02 BH 22 22 e
TR S 5y e 4 | AR AL A2 Ve by i) AR PR
VLR A B, A v TR A B AU P A
e, BEEJEM T LMRRE— e R, Ko kA4
PR KT B IR B, N TR,
R VEN MR B IGO0 R X AN [
(I VE R ORE , LA B VE M S5 S HE AN, £
SHEHOM LR E WA RHF . fFEEEEN T, mE
VE R T I SCHEVE R LA RR L E R A4 R R
I, TERY ISP HES AN, s B T A N it T 5
PN, S A TR A A IR R, AR
P SC IR, ZEAEVER I ILIR B R, IR T
B HER, WAL, B,
DAZE ZZ V€ By ] DA 1 A 7 ek R A R
ftr, AN T DL BB R A

x5 ERZEHMEHMERNSYIEN RVA FHEELR
Table5 Comparison of RVA characteristics between quinoa
starch and other common cereal starch

VEME MRS KA RS SRR MMM R MIEiR
S /(mPas) /(mPa's) /(mPa's) /(mPa's) /(mPa-s) JE/C

A FVE 703b 704b 874b 3d  166c 54.40d
*53\[26]
EKIE 659¢ 351c 555¢ 307b  203b  71.70a
o
LpAE 3106a  1395a 1804a 1710a  408a 60.30c

By
INFZTE 365d 300d 438d 64c  137d  61.35b
*53\[28]

P AR EATINGE (3R 6), S Bk I HUS
{EfR s, HUCRFRFNETER, f)n AR
Bro BISIEBL T 3RO T IR ST fh ), 2T
Ty UL 23T PP S B R 5 A o 45 R R I,
AT (AH) B E AR THE Mk, Ui
R YRy TURE HH SCBEBE R 1 U e 45 A4y AR X
B ERIGEE I, FORTER R, HikE
S ER N TER, IRJa R EN . TEIE(EHIR
BETTIT, FORTEM e, RIE RS . N
RRAZYEN o DURP IR 2 (] 1 DA (B S 39 47 1 8 %
25 o TEMILIERE (Te-To ) Jriil, ZE TEM e ,
ANZETER BIAE T BB T30 =, BORTER A4
R TR =, SR EE AL E k. 22
22 E Ry RN A2 8 M 22 8] 4 489 A Yo R A7 1 I 3 2
5, CH S IOKRTER SR TR A A
ZE5E T T OKTER 4% Ve Z A JC ] I 22 55
WIACTE R AL T AR R SE R L, AR 22 S R
VA A iR P R, iz I/ o SR oK
TE R T % B E by ) MORE B S RE R e, BT
oy B ORI S REFE AR . N, FEZ i Ay
PEARERS , AT LA 35 4R = B T b iR PR RE
il G 08 78 1 WP A BOUF I BOEE, R AE
Pickering FLIRAYAREN o MLAL, BELFER T H
MhATFEE I AT LU LR M e R RE (anith i f)
et ).

* 6 AESEMERE DSC MAEHIESH
Table6 DSC thermodynamic characteristic
parameters of different starches

e F—sd, Fhka. b, ¢ RREFBFE (P<0.05),
Note: letters a, B and C indicate significant difference in the
same column (P<0.05).

32 EFEMMMAEMR

VERS KRR, RO A8t 2 K A ARk
DCFPAE AL AT DL 2o 22 7R i S GHE T I a, H
W25 51 DSC 4k I R AW g, ¢ DSC
IS 2ERHES R, To /R TE ML T 4R s ) UL
B, FROMRIGIREE ; Tp Fomifb iy RlR e, #x
RUE(EIREE 5 Te WAL R AIREE, FROVZ L
T ; AH R bt B b g it & AR AR i, AR
A (EE,

i 3 DSC X FE A JE by A = Fh i FHTE R Y

. , vt e 1AL YT R
N ORI R Y 2Ok R PEH
EREM e T T (Tf:CT ) AH/(/g)

B pE A 52.64d 58.56d 70.56b 17.92a  2.51d
S 71l 66.80a 71.00a 77.05a 10.25¢  11.28b
OABEERY 5955b  63.80b  69.75¢  10.20c  13.24a

NEFERET 57.6¢

e F—s, Fhka. b, ¢ RARERBE (P<0.05),
Note: letters a, B and C indicate significant difference in the
same column (P<0.05).

33 EZEMHIELEE

Englyst %P7V I8 5 43 114 f o 25 1 A [
43 A PR T AL JE K ( Rapidly digestible starch,
RDS ). 12 HILTEN ( Slowly digestible starch,
SDS ) FFiETER ( Resistant starch, RS ). TRiE1L

63.00c  69.65¢  12.05b 8.06¢
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PEVER (RDS) 510 /ZBETE 20 min N HETH LI IL
(Ve Ry ;s MBI APETER (SDS) I ETE/NE
ABAE E AT LW, FR N TR g, 52
20~120 min A BIHILHITERS , X TR W] LAGERE
B MRS AE s BUETER (RS) 481 &TH LT
120 min J5 /5N RERETH AL TE NS , 56 B £ 4k
Fh, X TER AT AR LS I T e Y R, A
i 4 g 3 fe e 1 £ )

2 7 R VER S HAB LR R UL Y TE R
RDS. SDS. RS &1 i, RHE Wang Fl Miao
TR R, FITEM LB AE N EE R
RDS, 1fii SDS 5 RS & &K, X ZEH NTEZEE
REFR R, TR TE R MORE (14 2= 25 S 25 A0 B 8 R
3 3 A3 HT S KICHE TTAT, BE A E R A DR LT
¥y (RDS) &t W F AT HADVER, 123 LiE
¥3 (SDS )& i i & 5 T HABTER , PUPETEH (RS)
it E T A VE R o R TR T A TE R
(RDS) S5EWmiptesh (G1) RIEMHX, B
DARRARPE b 3E R (RDS) AU &L, B8
HALVER (SDS) FFitEiEs (RS) W&H, A
Bl T 105 5 R 8 I B i 1L 95 05 55 18
PRI R, B VERIE A A EE . BRI |
1o ML R I 1 A5 9 05 S A RE R

x®7 AESZWIEMH RDS, SDS, RSEE
Table7 contentsof RDS, SDSand RSin

different starch varieties %
TE M RDS & i SDS % i RS &
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