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Development and Nutritional Quality Analysis of Sprouted Coix Seed Solid Beverage
HU Qing'2, LI Nan?, LIU Hongxiao'-2, DONG Xuyan' ", LIU Lina'-?3*

(1. College of Food Science and Engineering, Qingdao Agricultural University, Qingdao 266109, Shandong,
China; 2. Institute of Agricultural Product Processing and Nutrition, Shandong Academy of Agricultural
Sciences, Jinan 250100, Shandong, China; 3. National Salt alkali Land Comprehensive Utilization
Technology Innovation Center, Dongying 257300, Shandong, China)

Abstract: Germinated Coix seed was used as the raw material to determine the optimal formulation of a germi-
nated Coix seed solid beverage through single-factor and orthogonal experiments. The nutritional quality was
evaluated, and the product shelf life was predicted. The results showed that the optimal formulation for the ger-
minated Coix seed solid beverage consisted of a mass ratio of germinated Coix seed powder to coconut powder
of 1:5, with erythritol at 25%, psyllium husk at 8%, inulin at 1.0%, and resistant dextrin at 5%. The bever-
age prepared under this formulation was homogeneous and fine, with no significant stratification or sedimenta-
tion, and achieved the highest sensory acceptability. The protein content was 77.20 mg/g, dietary fiber content
was 58.33 g/100 g, y-aminobutyric acid (GABA) content was 91.32 mg/100 g, and the estimated glycemic in-
dex (eGI) value was 50.44. The moisture content and microbial counts met national standards, and the prod-

uct could be stored for 107 days at 25 °C.

Key words: Coix; sprouting; solid beverages; nutrition quality; shelf life
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EOKIE WML SR 25 B R , & & S BT i
BLFAE L) R T 2 b R By PR SR TR A O, B
A REFHE R, ERET R FE v- 25 TR
(y-aminobutyric acid, GABA ) \JiF 25 & LR . W 2R L &
S a AR G0, AR A HUE IR R R
BN EIRT, BB B, #OK E T i 4% LA
FORMESE 7 12 i SCEOR RO I & T X &
ZE K I R AR D, 2R R TR A
JE71,

[T AR EROR S — A A5 A1) EL PR 1) Bl R, By
Z RV R Gz — BT R o AHEARORE
TR, HLER 227 i & A Kty 8 5 8
P, RIS AT G NS, SR, A PG AR 4
H1 T BE % T AT ELAS B by e S5 A ., ) LS o Ji
TR, /0 BB A ALY, TR A IR T 2 g T RO, A
I, A W) B 1 21 4 (R 4 A PT RS BRI 25 65 1E &
RN SR Z 1 RO RIS 4 v R £ AT MY,
S8 FGUHE IR A o rL S VRG24, nl v T &
TR R EOR s & 2R 4R | e, PRI, 8 SRRl B
o i SO P R ORI B 12 T 1 A W D Re P £ R
WFFER IR

AHIEFE e T 4 28 K R R WFFEAS [ RHS fin
Xof ¢ ROK VAR ORHEE RS2, 5 e A BC LG, OF
Xof 2 K VAR ORI 2 1 T R B 4T 4k LGABA Al
B AR R FE 4L (estimated glycemic index, eGI) M 5528
WIRIE T A — 3K A BE BT 4E A GABA YK eGI
TRCRE , DU SR 22 25 J0K BN T S AR DG Bt i F 42
B0 UL A% -

1 #R5H*
1.1 PR )

K BN RO B2 e BB 4 - 1 e P R
SEMEATBRAEL 5 258 HUHERIRS < Ll AR AR T 25 AT BR A
A ANEEHE I AN A R A R A B AT 15t
JM FE RV VR LR 55 A R FD s BCA B R
A RAEYE AL BRAF] ; LTS i IR
G2 TCK A RE ORI (B 5l AR RO KR
1Lfm'?flj(3,5-dinitrosalicylic acid reagent,DNS)iﬁﬁU(>98%) .
Btk 2 F1 (200 U/mg) Loo-UE A3 i (300 U/mLL) 5 % B
(260 U/mlL) : b IR i A BB B2 A5 Tk
CBE(p i al) IR AR N (299.5%) - [E 25 4E Al 4k 2=
FIABRAF
1.2 U5 EE

FD-1A-50+ 7R L « ) 1 A9 = B AL A BR 2
) 3 SHZ-A K B 4 37 i« IL T SE0R m BHLAS T
PHSJ-4F pH it b1 8 B AL 2% A FR 2 7] 5 Synergy HI

FEFRAY - 52 S A AR A BR 2 7 5 HS153 PRk 43I 5
AL AR s 25K AN 28 A BR 2N W] s DHP-9032 fH i 15 77
o bl —tERE R AR AF
1.3 Rk
1.3.1  RHFEKRERYCE I T e

KR ZFHEG T Bk 5 —
e R
1.3.2  RZFERKHI

KN TR 0.1% NaOCl ¥4 W E AT 25 17 K,
B LR 1:5 (g/mL) o KEFhFTERMHTLL 25 C.
40 kHz 600 W 8 7 4 B 4b BR 20 min, & TH7 JC #2015
5 FET-ME, 7E 30 “CHE R & 28, AR 12 h 4k
IKIENG . FERSAL & 25 72 h I, JHZEE KT vE . TR
(1) 3 K T A ZE B 72 ) 30 min, T (=20 °C) . B
TR BB THL, £E-50 °C .2 Pa HLZ5 & F 4
48 h Ji , AT AN B, RSO JE 42 100 H
i Je PR 432 B 9 B4, IO T8 L v 285 R AE
2D,
1.3.3  JEE I

S 5NN 8 4 N R 20t & R E Ll
DA BE ML i 222 S [ PR 28 e b ) 2 28 380K AR Ok,
R AFEKE AR E P L3R 1,

®1 RFEREFETHBEITNRE
Table 1 Sensory evaluation criteria for germinated Coix seed

solid beverage
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1.3.4.1  REFERM TR 185 B L i T LIRS B, I 3 YRR S BT B A Ry 4

TETRBERE R I 15% 2601 T I 6% 55
KA 2.0% FETPERDR B Nt 5% M0 T I
K EEEAN TR B FE A 1:1.1:2.1:3 . 1:4 fZ 1:5,
K1 80 °C .50 mL 7K i, %5 5% A 2 E KR MR T B
JoT i X & 2R EOK A OB E PE43 (1 52 1)
1.3.4.2  FRGEMHEETS I & 96

TE R ZE BB AR 4 I L 123\ FTToe i
T 6% 8 IR 2.0% FIPT WO 78 & 5% 4
P, % AR RERERE AR NN 5% . 10% . 15% .20% .
25% , FEHy LA 80 °C .50 mL 7K il , % £ i I R 0
0 R E R AR CRHE B TS 1R 52
1.3.4.3  ZEFTF7E U N i

TETREEAHE BN AN 15% . K 25 38 KO0 AR 103 I
HH 13 3R 2.0% Myt R 5% %
T BRI INE N 2% 4% 6% 8% .10%,
B LA 80 °C .50 mL /K Myl , %5 %8 42 - SC WS & X
R DE TR B ARRORHE B PR 5
1.3.4.4  ZRUs Nt B

TETREEAHE BN AN 15% K 25 38 KO0 AR 103 I
B 13 R Pl i 6% A MRS 3 & 5%
AETR R E ARG INE N 0.5%.1.0% .2.0% .3.0% .
4.0% , B3 LA 80 °C .50 mL 7K Wil , %5 £ 25 4 TS il e %o
R DE TR B AR RORHE B PEA 15
1.3.4.5  PUHIORE 7 0 & 96

TETREEAH BTN AN 15% . K 25 38 KO0 AR 103 I
w13 RPN 6% RGN 2.0% 4
PR R EBUHERR S = 1% 3% 5% 7% 9% , B
03 Lk 80 °C.50 mL 7Kt i , 5S40 M0 RS 8 o i X6 &
FEEOREMARORHER B IT 4 A5
1.3.5 1ExiE

FR 4 B R R 4 2R BT = IR =K 1Lo(39)
IEAEAE . & AEEOK AR 80 °C.50 mL 7K #hifd
PESE AT E P . BRI R 5K L3k 2.

x2 EXHBEERSKFE

Table 2 Factors and levels of the orthogonal experiment

WPERE R AR IRL%
1 1:3 15 6
2 1:4 20 8
o 1:5 25 10

1.3.6 Ko mile

FREUR 253K RO 3 o, HCE T s K 200 52
A B O 2 K B AR OR RE T B2 . MR 2
EORFEARYCRA B E FE T, K e A H sh ik, il 5%

1.3.7 HEAFSENE

K2R FOK ERYORNE 1 BT AR 4l BCA B
TR S 16 BH A ARSI
1.3.8 JEELYESElE

FeF Kanwar 80511 J7 75 6 16 B £F 4 & 1 b 1l
FE o K 0.2 g IR ECKRIE O Beti B L 1:5 (g/mlL)
A PR 12 h]EFE T 4 mL BE R 28 #h (0.1 mol/L, pH6)
L5 a-TE R (20 nL)TE 96 'C T RiFE 1 h JRHi k.
¥ pH (% 2 7.5(0.1 mol/L NaOH %) , it A& 1
fitf (20 wWL)7E 60 ‘CHEf# 30 min, pH {EHTFE 4.5 5,00
AW (100 WL)7E 60 ‘CF SV 4 h, ULHELF4E
(80% Z BV ) 5.0 (2 000Xg , 20 min) , 5 1% (80% Z.
B AN I ) , 4 (40 °C) L3 100 H 3 i - #x
. REELEE R (W, %) B EA RN (D Fis .

W= W,/W,x 100 (1)

Ao W R BUS RGP 0TI B, o5 W
RIHIUR B BEA R BB R TR BT g
1.3.9 Gl {HE

FET ARSI R . T R A
(M FE43 53174 0.0.02.,0.04,0.06.,0.08 ,0.10 mg/mL) 31l
A 7 %6 i b o il 28 05 B2, O ¥=0.948 2X+0.016 0. 1
2 mg K& AERFEAYCKL, HIA 6 mL KOH & (2 mol/L),
PRHE 30 min. ¥ 1 mL 98% 212 .3 mL Z RN ZE whil
(0.4 mol/L, pH4.75) 55 60 wL ¥ H5 % 285 Wi B A H:
L FE SR AE 60°COK A TR IV 45 min, 45U, HL
0.5 mL IARTNA 4 mL Jo/K 2B, 2500 (2 000xg, 10 min)
0.5 mL ¥, AR RHA TR A DNS, 37K 5 min, ¥
1,540 nm W SEAE . 53 BIEL 50 mL #2505 2 L
W (10 mg/mL) Al 1.5 ¢ & 2F FOK B AR RCEL, in 20 mL
0.4 mol/L Jo/K Z FREH .20 mL o-VE K HEHI 80 L %
WG, T 37 °C 120 r/min 4 3% 4 B 0.20.60.90.
120,180 min, U 1 mL 4% B[] B 09 7K fif W A JG oK
M5 (4 mL) , 2.0 (1 000Xg, 10 min) . 0.5 mL B 35
AHHFERFR DNS L5, 7K 5 min, 41, INZE1E K
4 mL,7E 540 nm ZRMASIROGIE . VER KRR (H, %) 1
HEARMR (2) iR ;eGLE (Q)HEAR MR (3)
Fim

H=mx0.9/M x 100 (2)
(0 =8.198 +0.862 x M (3)
AP e m N IORE SR A AT BT i, mgs MO ETE R

Eﬁﬁ;mgo
1.3.10 GABA & HE

GABA %52 M Sharma 2507 7 1 3-SR Bl
W 0.5 g FKMIET 5 mL 2848 K Fh il A4 FkE 5 L 2
B2 hJ5, 7€ 8 000xg 251F T #5005 min, ¥ 0.5 mL i
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3 B S 0.5 mL 0.2 mol/L iR 15 28 w3 (pH9.0) |
1 mL 5% (J5i & 43 50) 25 8 A1 0.5 mL NaOC1(7% 3 1
FORAE . Z W 10 min J5 KRS HE 30 20 min, B3 #
GEIER . FA 1 mL 60% £ B W, 7E 640 nm 4b
WM RE . Beil B s B2 0.1.2.5.10,15 mg/mL [
GABA BRI, LA ek e 5 M A s i 7 S 20 Al
PR il b i 26, 45 2 15 5 #2 ¥=0.009 9X+0.078 5,
R?=0.991 0 8) , AR 45 W19 5 R 1 L 5 i
1.3.11  fAie
R OK R RO R R KA BEAR 4R GB
4789.1—2016C & i 4 4= E G bR B 5 A W 27 K 0
SUYFT GB/T 4789.21—2003 £ i 1A 3 Ak W2 46 56
PR URIR S UORME 3 YR A T o A A A L ARSI 75t 5
55X R AREANT < B I S BN E S GB 4789.2—2022
(B ML 2EZRE &M EEY AR wE S0
FEVUAT s KB FE R EUKYE GB 4789.3—2016( & i %
2 E AR B FRE KRR RO 2T ;
A AR BT EUR IR GB 4789.15—2016( & & %4>
PRI G ot A Rl a3 e e O S
I RER K GB 4789.4—2024( £ i % 4 E Fbr
HE B A E AR VDT T IR AR S ) AT o
1.3.12  SE4L
27 Martin-Torres 258 5 IR VEE 2. R
B = QAT Ty g R AT R 5 3L 56 (accelerated
shelf life testing,ASLT) o R ZERE K FEARCR I T 5
W B A4S b, 20 BB AE T 45 °C5 55 CHIRE IR 4 1
LB S d A1) B JE R AT ARG B 3K TR SR o P
(25 /100 g) J5 455 1k A i o 6% 28 1A 31 530 A X dn =€
(4).(5).(6) i,
In(P) = Kyt + In(Py) (4)
Kb P ol R ZEEOK R TROR S AR E , ¢/100 g;
Py IR AL LE , o/100 g3 Ky Ry 52 28 R AR TORHE
T I BE B () SR TR 50 SRy R 28 K AR OR} ) £ i s
], d.
Q10 = Ny/Npiyo (5)
s Quo MR E AR LT 10 “CHE, fhf iy R 4
TSR Ny R TR T BYRE RS 8], d5 Ny KR T4
10 LT AT ], d .
Q(Ty) =T, x Q210 (6)
A Q(T)) ATE 25 °CF BIBEFEET R, d; Ty ke
M RIREREATTE] , A AT Ry 25 “CHIRE T, Z [ iy 2
{H,°C,
L4 HAageit ot
B4 Y SPSS 25 Bk AT Oy 25 E 22 F oK
43 BT (P<0.05) FIXBH R 5 . R H Origin 2021 3K
2P A AP T 3 IR

2 #R5iTie
2.1 PAREZERK LS
2.1.1 &M R4 o i He X CRHER B B Y
Al
KBRS TR o X & 2k AR TR
B A R s an e 1 AR 2 s
70
65
60

551

JEETT Sy

501

45

401

1:1 1:2 1:3 1:4 1:5
R EFREA R4 BT ik LU
AN NG FRE R IR 26 5 1 % (P<0.05) .

B 1 EFEAFTHFHREULNZFEREERBEETSH
#0
Fig.1 Effect of the ratio of germinated Coix seed to coconut
powder on the sensory score of germinated Coix seed solid

beverage

RFFARMYFREF B i R ZE 80443500 1:1.1:2.1:3.1:4.1:5,
B2 RFEXRHIEFHREBLENRFEREEREDEEN
2]

Fig.2 Effect of the ratio of germinated Coix seed to coconut

powder on the reconstitution of germinated Coix solid beverage
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2.1.2  FRERREEA I X ORI
AREEREBE AN IR A 2F K B AR YOV E P50 1
AN 3 Js .

80
75+
70+
&
B 65f
{on
B eof
55+
50+
5 10 15 20 25
REERHE BN /%

ARG FhREFR R 25 5 1 2 (P<0.05) .
B3 FRERERAMEXNZFEREERBEEITSHH M

Fig.3 Effect of erythritol addition amount on the sensory score of

germinated Coix solid beverage

F & 3 AT SR DY Bl 2 A SR TS 0 A
RIS EFHE TR R 2K AT
BRSO TE IR EEEREAS N 20% Ik B0, 105 7R
BENHRE TN I S ARSI B E T FRAR . Y aR e B
TSI 2 20% B, 7™ i R B S AN 2 | 11 2 S e
W 20% W AHT K ELN 25 5 i X B R0
PR EER TR A OB A T SR B B 2 R S
it ) ) i SR AR A S I T R A
PRI, 356 5 2R B A B2 N I 20 15% .20% 1 25% iE4T
Ja EEIE ARG
2,13 BHT T UCRHECE TR A5 1R

TR TS I & 2 K AR ORHE B 14 Fl
M bE R 2 an il 4 FiE S TR .

M 4 AT LA R e i oK, & 3
K ARORH R P R B e TS R R

80
75+
70+
&
o 65t
#
60
55+
50 1 1 1 1 1
2 4 6 8 10
AR T AN/ %

AENE TR 22 57 .35 (P<0.05)
E 4 ZFERITFRAMEXNZFEREFRHRE TSR
Fig.4 Effect of psyllium husk addition amount on the sensory

score of germinated Coix solid beverage

ZERyF Uit th A2 B0 53508 2% 4% 6% 8% 10%

E 5 FRFRAMEBNEZFEREEREFE 1L EREEN
2
Fig.5 Effect of psyllium husk addition amount on the stability of

germinated Coix solid beverage after 1 h of brewing

MR TR IREIAT) 8% I, BE T . M4
I Fre /T 8% i, Rt RS E MR 22 , Bk 0
SXUUBVE G FLVAARH Y AR oo i i & F 8%
I VAR BE 5k R, 2 o e FEAOIR A S 1 R
A AN 25 A TC AR PORHAC 7 AR R B T i
50 RN T 2 5 T ARk ) R R R 1R, 54 2
ERT TSN EAR T 209% B HR AR i HL CUBGETR
R TR R B 20% W) R g0k B O &, 45
GBS ATEN, K 2 EOR EAR ORI AR E R S AT
WA —ERR, YEM T2l inEdE 6% L L
B, 2SI RS k. L, BT o i
6% 8% FN 10% P47 1E 35

2.1.4 RS I X UORHEE ST R

BGRUS I X e ZE EOK VAT B DT 53 Fn oty
PERGFZ MNP 6 FIE 7 FER .

A 6 RIAL, B MM AN N A 1.0% B & 2K [ 4
N A= v =N ) A= s N S (ERU N SO
AR ETC I AR A, R T BTN BT A R
PER R, T 20K 2EEOK AR O E ph i b B4k B
PG, s R OB TR Rk PR IR R 2 A

70
65+ a
L ab ab
& 60
B
Bl L be
g s
(&
50
45+

0 05 10 15 20 25 3.0 35 40
BBYAIN 4t/ %
ANNF NG B8 22 57 .3 (P<0.05) .
E 6 FHHARMEXNLZFEAKEGERKREITSHZIME
Fig.6 Effect of inulin addition amount on the sensory score of

germinated Coix solid beverage
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SR I 22 8045 43300 0.5% . 1.0% .2.0% .3.0% 4.0%
7 FHBIERMEN L IFEAKEERE R R
Fig.7 Effect of inulin addition amount on the reconstitution of

germinated Coix solid beverage

RN &R 1.0%.
2.1.5  BUHEASIRE AR I X R ECE i SR A 5 TR

PO RIS AR I X & 28 K R DORHE B P4 1
M ANE 8 FiR .

80
75+
ﬁ 70+
o~
Bliing
65+
60

o 1 2 3 4 5 6 7 8 9
BUPERIRS A0 /%
ARG B3R 22 57 AN B35 (P>0.05)
8 FUMEMIERINEX L FEKEFRBREIES N
Fig.8 Effect of resistant dextrin addition amount on the sensory

score of germinated Coix solid beverage

& 8 AT, & 2 EOK RO BB P4 ZE T
PERURE TS IR 5% B35 B f e, TR 7 i
i 5% WHICORE ) 45 5 DT 52 Wi He il T AR A3
3B T HUHEORS 7E BR OB R 25 B B G . A,
FHHERIRE A RSN 2 [BIANEE 3 22 5, DL,
SETTHERIRG 0 BaE S INE 5%.

2.2 U7 IECIRER S,
R AFEOREARTOR Y 1IE 3SR IR 45 R W5 3 iR .

®3 EXRKBER

Table 3 Results of the orthogonal experiment

ARFEAK BOAREERERE C AT,

g3 EXHIEER
Continue table 3 Results of the orthogonal experiment

WS wrwmmm ke e S0
1 1 1 1 59.55
2 1 2 2 63.99
3 1 3 3 62.89
4 2 1 2 63.77
5 2 2 3 63.89

6 2 3 1 62.66
7 3 1 3 66.33
8 3 2 1 66.34
9 3 3 2 70.11
K, 186.43 189.65 188.55
K, 190.32 194.22 197.87
Ks 202.78 195.66 193.11
k, 62.14 62.56 62.85
k, 63.44 64.74 65.96
k; 67.59 65.22 64.37
R 5.45 2.66 3.11

NF 3 AT LLE I, A2 R SRR R RIS
ST A>C>B, BV & ZEEK0 A7) o i > 42
AP N> IREE PR N . R K K K (H
AJAT, 2 2K IR ORHR AR B A AsBsC,, B & 2538
KA AR T3 T L 125, JREERHEE TR AN 25% , 4R
FIT U N 8%, 45 Ky U8 I = 1.0%, PPk KA U
B 5%-.

2.3 EFRM A

K BT R AR ORE G 78 7 2 R A 2 A 7

gERANE 4 T3 5 Fis.

R4 REBREGRHEREN

Table 4 Nutritional composition of germinated Coix solid

beverage
Kord EARER WEAgkE @ CABA i/
/% (mg/g) /(g/100 g) (mg/100 g)
3.20+0.02  77.20+0.31  58.33+2.88 50.44+0.85 91.32+0.44

RS REBREGRBHEMAR

Table 5 Microbial composition of germinated Coix solid beverage

W REY  KRIgrE/ =283 W/ VITIRE
(CFU/g) (CFU/g) (CFU/g)  (CFU/g)  (CFU/g)
<10 <10 KA AA AAH

2 4 AT, & 2R FEOK R TOR K 2 5 ol
3.20% , 754 GB 5009.3—2016 £ 44 4> [H FARiE £
mb HR G I ) R (<T%) » BB L& i
77.20 mg/g, G £ 21 4E 7 5 R 58.33 ¢/100 go L ik A
R B ARIKCRIAY eGI (BN 50.44, GABA & i
91.32 mg/100 go 1M LAE HY, K 25 EOK B ROk
BB L 4E R GABA, H MBS B % .
35 AR, KK AR AR ORE B T B K s T R
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B ECH 8T 10 CFU/g, BEREE R U T T IR
AR 3 2% BH 2 K AR ORI A R A i
FEEFHCEK
2.4 LA ARE

i AR A A3 AR AE = 1, S VAN
HAEACRRE R FRRY & 2R RO o S A (E
WE 9 iR, i EAERL G RE S SR 4R I3 6 i .

0.30

—a—45C
0.25 —— 55 C
“en
S 020F
0
o 0.15F
o
)
& 0.10 |
=
0.05
0 " . . . . . )
0 5 10 15 20 25 30 35

AT /d

9 45 °CH0 55 CHEFRAREF R RULBERI T
Fig.9 Effect of 45 °C and 55 °C on the peroxide value of

germinated Coix solid beverage

Fo6 RFEREEIHNETENEMSHERERE
Table 6 Fitting equation and shelf life of germinated Coix solid

beverage for peroxide value

BRI 2R 0] )y R2 TR
45 InP = 0.080¢ — 4.13 0.905 8 35
55 InP = 0.0631 - 2.69 0.874 5 25

TE P AR ORISR O R S 5 ¢ S 22 25 T8OK [ AR () i 76
IRFa]
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