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Abstract: The antioxidant activity and content of bioactive sub-
stances, including y- aminobutyric acid, epicatechin, epigallocat-

echin gallate, saponins and polyphenols, in black quinoa, red qui-
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noa and white quinoa were studied in this study. The results

showed that, after 72 h germination treatment, the content of
y-aminobutyric acid in black, red and white quinoa increased to
110.10, 157.40 and 135.70 mg/100 g at maximum, respectively.
The increase rate of the epicatechin was the biggest, and they
were found to be 7.11, 5.32 and 1.32 times, respectively. Among
which, the content of epigallocatechin gallate increased by 4.23,
2.79 and 3.29 times, respectively. In addition, the saponins con-
tent and total polyphenols content of the three kinds of quinoa in-
creased with the prolongation of germination time. The increase
of DPPH clearance rate and iron ion reducing ability indicated
that germination could improve the antioxidant activity of quinoa
in vitro. The results showed that the content of beneficial bioac-
tive substances and antioxidant capacity of quinoa could be effec-
tively improved by germination treatment.

quinoa; germination; bioactive compound; antioxi-
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Figure 1 The content of y-aminobutyric acid changed

during the germination of quinoa
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Table 1  The content of epicatechin changed during the

germination of quinoa mg/100 g
RS /h ES ¥ Lk H#E

0 3.25+0.35% 2.81+0.28* 6.310.444
12 19.11+0.12¢ 17.77+0.38% 5.060.08¢
24 21.7640.37" 15.3740.19¢ 3.50+0.14
36 20.6840.46° 10.8840.17¢ 4.25+0.07°
48 26.3640.19¢ 9.83+0.24" 6.03+0.23¢
60 15.19+£0.27¢  12.80+0.28¢  14.68+0.03f
72 13.16+£0.23" 16.6640.05" 12.94+0.20¢

T AT B AN ) 7R 22 5 8 35 (P<C0.05)
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Figure 2  The content of epigallocatechin gallate changed

during the germination of quinoa
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tion of quinoa
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Figure 6 FRAP changes during the germination of quinoa

RS RALERE IR mAEE WP, AR EZ YR T
R BE I FE R 255 60 h Bl 3B B R AH , HoR & ZEmE 8 i T
3.35 M R L MK B FiL IR BE J) 76 & 258 72 h Al ik i
KAA LU AR R ZF UGN T 1,16 £ 5 RBE L 1k B iE I B
NTER SR 72 h B R RME LR R ZERE N T 2.62 £,
SRR ARG R B 5 R A ZERE KM E 45 B B & 2
o oK H AR EU 1 I R AR ) A N R AR R L 5
AR
3 iR
BOAIOREERRFLEE. & WS
EARETR. BT RILER . REKEFILEREE TR
T AR 22 1) 2 B FVA SR BT A6 6 M (DPPH [ #5538 BR
MRS FERRE DA RN E R E MRS, Kbk
HIAS AL IR /N TR E MO RN, BREEMaAREE
BB BR AR AL B — 0, B B K 2 ] ) 4 T 3 Y
22 0 25 3 AR v A 8 b R AR B & 2 B I A AE
TG T E TR A AR, B4 3 RN
R HLOE B4y 3 48.72,72 h, JEE AR R A AR
JE 55 00 8 X B 2 DR A I I A48 R W) 1 ) R R T AR
BN K 25 1o B v 45 D A I R A AR AL AL

5 % Uk

[1] BAZILE D, PULVENTO C, VERNIAU A, et al. Worldwide e-
valuations of quinoa: Preliminary results from post international
year of quinoa FAQ projects in nine countries[ J]. Frontiers in
Plant Science, 2016, 7. 850.

[2] VILCACUNDO R, HERNANDEZ-LEDESMA B. Nutritional
and biological value of quinoa (Chenopodium quinoa Willd.)[J].
Current Opinion in Food Science, 2017, 14. 1-6.

[3] JACOBSEN S, MUJICA A, ORTIZ R. The global potential
for quinoa and other Andean crops[]J]. Food Reviews Inter-

national, 2003, 19(1/2): 139-148.

B 221 8 | 2020 £ 3 B | RASHK

[4] BHARGAVA A. SHUKLA S, OHRI D. Chenopodium qui-
noa: An Indian perspective [ J ]. Industrial Crops and
Products, 2006, 23(1). 73-87.

[5] HAO Jian-xiong, WU Tong-jiao, LI Hui-ying, et al. Dual
effects of slightly acidic electrolyzed water ( SAEW )

treatment on the accumulation of y-aminobutyric acid (GA-

BA) and Food

Chemistry, 2016, 201.: 87-93.

[6] XU Lei, CHEN Long, ALI B, et al. Impact of germination

rutin in germinated buckwheat [ ] J.

on nutritional and physicochemical properties of adlay seed
(Coixlachryma-jobi 1.)[]7. Food Chemistry, 2017, 229,
312-318.

L7]) W, 2. RE. 5§ KB K 288K T8 45 R
mR e ], B RS HLA. 2017, 33(1) . 174-178,

[8] WU Feng-feng, YANG Na, CHEN Hai-ying, et al. Effect of
germination on flavor volatiles of cooked brown rice[ ] ].
Cereal Chemistry, 2011, 88(5): 497-503.

L9 T . & 0 3K E 35 4l B B0 1 2 2E 9 T 1 1
Mi[D]. T8 TLR K%, 2017: 14-24,

(107 7 i %8, 252 16 1 4y o 4 B 7 J5 v 1 LS LD, 229 -

Hili el K24, 2017 28-34.

[11] KOMATSUZAKI N, TSUKAHARA K., TOYOSHIMA
H, et al. Effect of soaking and gaseous treatment on GABA
content in germinated brown rice[ J]. Journal of Food Engi-
neering, 2007, 78(2): 556-560.

[12] ik, mREE, B, 5. B8 S WP A DI L2
KA T OS], A S HUK, 2017, 33(12) ¢ 148-
153, 185.

(18] L& e, Effs, Bk, 5. BE K2Ry A LS
PERFFELI]. A S B, 2019, 35(10) . 189-192.

[147] BENZIE I F, STRAIN ] J. The ferric reducing ability of
plasma (FRAP) as a measure of “antioxidant power”: The
FRAP assay[ J]. Analytical Biochemistry, 1996, 239(1):
70-76.

[15] ADEGHATE E, PONERY A. GABA in the endocrine pan-
creas: Cellular localization and function in normal and dia-
betic rats[ J]. Tissue and Cell, 2002, 34(1): 1-6.

[16] SRouHr. FAMREAME TR EF KT y- 285 TR L5
PLEERFSELD]. FIat: B K%, 2011 6-8.

[17] R, B2, TLTFE, 45, RZEXANTA] &R 76 A2 5 3% 14 A
AW E PR B R L) ). Dk B 2019, 40 (14D
1-10.

L1871 kA, faffe, F ¥, 4. 8R4 )8 B XUT 38 %R K i
Rk y-E2AETIRNEZWI] &5 5P, 2019, 35(5):
55-60, 77.

[19] XU Jian-guo, HU Qing-ping. Changes in y-aminobutyric
acid content and related enzyme activities in Jindou 25 soy-
bean (Glycine max 1..) seeds during germination[ J]. LWT-
Food Science and Technology, 2014, 55(1) . 341-346.

(F#% 47 70



&M | Vol.36, No.3

(6] WA, $355 ., MHIH], 45, LA L LA
BRPR ST L, 2019, 40(7): 115-122.
L7 sk, JASCHL. #ifd. RN T T2 0]. &
4L, 2011, 36(4); 54-57.
[8] MR, WARZE, HIIE, F. ZHEMFEIIRS WL
B A K22, 1991, 12(1) . 79-83.
[9] B3, TRuish, xfsak, &5 £AEEF TR H SPME-GC-
MS 381 o3 Bl 24 4 . 2004, 23CHE T 1)+ 93-94.
[10] JuMedr, Ribo, B, %, 203 & Mo i 1 A 28
H—5 M 3% 3 o M [T . B 2 2% 3R, 2003, 30 (4):
475-475.

[11] % FMg, Z5F, BePH, 45, SRR 74 W 2 4k #0400 3h 52 Bz it
IR Je #E % vE i B i B L1 ). Rl TR 2% 4. 2007, 23
(3): 243-247.

Ll2] Xmiis . ERE. ZAEREEY H A%l ]. &
INR 2B T A 2T HARBLF BT, 2002, 23(2): 6-12.

[13] AL/NEY, T IBUA » 12T, 45, A% RS S A B O i 3% vk &
B R WRFELT]. B R S HLA . 2017, 33(12): 70-75.

C14] Mt W N, BEWOR . A5, i S AE W) UR B 203 M 0T &
Kl WSS E )] M= qk2E 5 Tk, 2019, 39(2): 5-12.

[157] fE, PhHame, Mg, 2. T 07 AR 4 Ht &tk 3m
TR R R P R TR S e [T ], &S S LR 2018, 34
(11); 193-199.

[16] HT . suAF B, W % R4 Al Ak 2 o3 B H: 25 LA
gEiE L)) R0 571 % . 2018, 30(10): 175-183.

C17] Bl 20, WAL, &%, KR M 0 ok IR &5 0 2o i A LT .
LR FF, 2010(26) ; 181-183.

[18] CALLEJA M A, VIEITES, JOSE M,

dant effect of p-caryophyllene protects rat liver from carbon

et al. The antioxi-

tetrachloride-induced fibrosis by inhibiting hepatic stellate

cell activation[ J]. British Journal of Nutrition, 2013, 109

B #H% . ETF HSSPME/GC/MS MEARRMAELER T D

(3): 394-401.

[19] LIU Hao, SONG Zhi, LIAO Da-guang, et al. Neuroprotec-
tive effects of trans-caryophyllene against Kainic acid
induced seizure activity and oxidative stress in mice[ ] ].
Neurochemical Research, 2015, 40(1):118-123.

[20] GUO Ke-xin, MOU Xiao-jie. HUANG Jin-sha, et al.
Trans-caryophyllene suppresses hypoxia-induced neuroin-
flammatory responses by inhibiting NF-xB activation in mi-
croglia[ J ]. Journal of Molecular Neuroscience, 2014, 54
(1): 41-48.

[21] KIM C, CHOS K, KIM K D, et al. g-Caryophyllene oxide po-
tentiates TNFa-induced apoptosis and inhibits invasion through
down-modulation of NF-¢B-regulated gene products[ J]. Apop-
tosis, 2014, 19(4). 708-718.

[22] GALDINO P M, MARCUS Vinicius M N, FLORENTINO
I F, et al. The anxiolytic-like effect of an essential oil de-
rived from Spiranthera odoratissima A. St. Hil. leaves and
its major component, f-caryophyllene, in male mice[]].
Progress in Neuro-Psychopharmacology and Biological Psy-
chiatry, 2012, 38(2) . 276-284.

[23] BENTO A F, MARCON R, DUTRA R C, et al. g-Caryo-
phyllene inhibits dextran sulfate sodium-induced colitis in

through CB2 and PPARYy
pathway[ J]. American Journal of Pathology, 2011, 178
(3):1160-1 166.

[24] PAULA-FREIRE L 1 G, ANDERSEN M L, GAMA V S,

mice receptor activation

et al. The oral administration of trans-caryophyllene attenu-
ates acute and chronic pain in mice[]]. Phytomedicine,
2014, 21(3): 356-362.

[25] sk, £8], HHE. & pIRM MGG E KA T EEN
BURID B TR L], ARl K224, 2018, 37(6): 97-103.

(E#5% 38 70

[20] RUIJTERS E J, WESELER A R, KICKEN C, et al. The fla-
vanol (—)-epicatechin and its metabolites protect against oxida-
tive stress in primary endothelial cells via a direct antioxidant
effect[ J]. European Journal of Pharmacology, 2013, 715(1/2/
3): 147-153.

[21] PRINCE P D, FISCHERMAN L, TOBLLI]J E, et al. LPS-
induced renal inflammation is prevented by (—)-epicatechin
in rats[J]. Redox Biology, 2017, 11 342-349.

[22] KIM D, MOLLAH M L, KIM K. Induction of apoptosis of
SW480 human colon cancer cells by ( — )-epicatechin
isolated from Bulnesia sarmienti[ J]. Anticancer Research,
2012, 32(12): 5 353-5 361.

[23] Ridesk. RS ZE (Ribes nigurm L) UKW & ZF W 2590 o 45
FE B ACHMRFEBE ST D] MG/REE : ARALAl 2. 2019: 8-9.

[24] bl BUKHR. BB, . REE TILRRBE T RE X
WURD AR BB AR AL L), | ARl A, 2019, 40
(24) . 79-85.

[25] #=0, X0dL, B My, 55, ARKE EGCG X NaCl fhia T
RN 0 e Be et iy 2w [T ], Wi vn Aol 2= 4, 2018,

30(7): 1 160-1 167.
[26] 35 Hr . 3T 2 4124 A Z A Fh 5 9% 5 S B S22 (D], 4
B WA K, 2019. 20.
[27] LAZO-VELEZ M A, GUAJARDO-FLORES D,

RAMIREZ D, et al. Characterization and quantitation of triter-

MATA -

penoid saponins in raw and sprouted Chenopodium berlandieri
spp. ( Huauzontle) grains subjected to germination with or
without selenium stress conditions[ ]J]. Journal of Food Science,
2016, 81(1). C19-C26.

(28] #4:, ZALBE, AP . 5. 2232 B R U # 2F 5t 1
A )], P ER A, 2017, 32(11) . 34-39, 46.

[29] GUAJARDO-FLORES D, GARCIA-PATINO M, SERNA-
GUERRERO D, et al. Characterization and quantification of
saponins and flavonoids in sprouts, seed coats and cotyledons of
germinated black beans[ J]. Food Chemistry, 2012, 134(3):
1 312-1 319.

(307 st ¥R, ANIEN L 77 2000 2 2 w2 o7 B JL Bt S0 16 1 11
LD K. pykes, 2019 51-52.

(310 SRR K 2 %t oK 32 2 8 35 LAY+ A FLEAURUIN LA P 11
D], 8. TLR K%, 2013 20-23.

47



