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Abstract: Germination is a green processing method that can enhance the nutritional value and functional components of
grains. This study used white quinoa as the raw material for germination. Samples were taken after 0~32 h of germination, and their
nutritional composition, starch digestibility, functional components, and anti-nutritional factors were determined. Compared with the
ungerminated quinoa, the starch content of the germinated quinoa was significantly reduced (P<0.05, from 61.89% to 47.84% after
32 h). The contents of protein and free amino nitrogen initially decreased but then increased after 16 h of germination. The total
content of free essential amino acids significantly increased (up to 22.53 mg/100 g pro; P<0.05), with the lysine content being the
highest among all the free EAAs. During the germination process, there were insignificant differences in rapidly digestible starch
(RDS), slowly digestible starch (SDS), and resistant starch (RS) (£>0.05), but the glycemic load (GL) was significantly reduced
(P<0.05), indicating it as a medium GL food. The contents of functional components, y-aminobutyric acid (GABA) and total
polyphenols, increased by 48.10% and 41.81%, respectively after 32 h of germination, whilst the content of the anti-nutritional factor
phytic acid was significantly reduced by 49.50%. In summary, germinating quinoa for 24~32 hours is conducive to the accumulation
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of nutrients in quinoa. Germination not only improves the nutritional value of quinoa but also increases its functional components,

providing a reference for the development and utilization of quinoa as a healthy food.
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YRR R V& EEFK 5.0 om BIA £ &
fIK1E 6.79 g/100 g ; Sy & EAEZFK 1.5 cm BH AR
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256

e, »-BETR. B2 RIUVEFRHET HK)
SRR, IR L HEEIER D W
W BRI R FE O A X A2 252 EAA AT B TR
trs R B2 E TR E B AR HEREFE N TR T R
"%,

1 MRERZ®
1.1 MBS A

HEEE, FEHERAE T, THE; RE TR
PRy S (SR 99%) THRR AR AE i (4l 90%),
R T AR B B IR A F] s 1 a- UE K B
(HEYE : 100 000 U/g) V& ¥ &) vl 7 B CI 95 -
100 000 U/mL), EiJEMAAEDEARA A ;
AR, 3,5- ZHHIEKMIR. IRERR. WA,
WL . oK CEE (BNsrralD, [ 254 B G
HRAA] .

1.2 &HE5E4E

SHP-100 A v fE e 75 7246, Bl = KBS
HIRAF; GZX-9140MBE 2 s #AVE iR S T84, &
RS IR A RIS %) s HH-2 Z43URH IR 7K
W, W EEBESEA R AR s SHZ-B BY7K i i ik
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A 4 mL /K 2 BE K, 6000 g &L 10 min. F] H
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f 47 (Glycemic Load, GL). RIEHLIEF) (Rapidly
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RAFWMI G FEMR G & T K kK H #F
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PRZSE S BRI BEAA, FERZE 32 h ik BIEKHE,
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T EAA S EEZEMIN (P<0.05), KK FT
1.13~3.46 5. Lan WK, SR 24 h5E
it EAA ST a3 G RN, ALK % 24 h
if Met fil Tle & & 2 2 &> (P<<0.05). Cao %"
FRDL, AN PR AR R AR, FO R R
FRMARMAR.

B 3 AN, R SEFIR S35 B A P R Lys Al
Leu 4b, H: 4 EAA M E EAA SEME5SEMYS, H
Bim T 0. Bk, KRR nTARE W o N AR
fit EAA. fEZE 57 K ZF WA, EAA ' Met. Phe. Leu
A Thr & &0, H Leu 1A% /2 EAA T &5 B &
Mo Le PR R IIFEE F b Leuw SR IE, H
Leu HA 4EF7 MUBE-FH7/EFH, X AT ReS5 232 1 BF 1
PEVE G 55, 1M Guardianelli 2PV R, A H
FERHELFET, Lys. Ile. Phe #1 Thr [#)4 & F#1K,
Val. Leu. Met & & LT L&, {H His & EAE
RS FERE N, HAM EAA & BEBEANK MG
HHT TR

1 L 237 e 2F HA1A) &8 EAA ) AAS Al CS A8 4k
B, 40 LA FAO HEFE M B A BB E NS %
PrifEe HHR 4 WA, ZEA7 5 WA Met A1 Lys 9 9F 5
BIEAR, BN AR S — s IR R R K
%32 h I, 77 EAA () AAS B TR R ZEHE, B
PR Il 1 JE R Met A Lys 41, H 4% EAA ) AAS 4%
I8l T FAO [HEFRAE, R CS ¥4 sl o X8 &
HE. Ft, ZEESERFAEE, R LME
SR — P SR AJC 5 1) B R

EAAI H1 BV i & H SR 7 &8 #F i 8 J 0 75 2 2k
FR A 5 22 8 1 PR b T R SR R AL R B R
E BRI T 100, 1 B 2 100 F 1) a0 5 2 5 1R 2 it
Wi, EARAAEMRE. G684 5o, 5
Ay, XGEA LI, KRR ZFEEFZE A EAALFI BV
BT R ZFERES, HREF 16 h #EE AN EAAL A
BV (¥ & &, 4398 76.89. 82.37 fl 72.11. 78.08,
FHEE T 100, #F—D U R F AN B S A7 B
(8 FRAMELT BIHE T

R RFWNEZEMAS . FfhMyEE RIS EF MY R THR 0

Table 1 Effects of germination on starch composition, estimated glycemic index and glycemic load of quinoa

Z At iR /h RDS/% SDS/% RS/% eGI GL
0 10.87 £ 0.77° 14.06 +2.59° 75.07 = 1.85° 54.09 £0.30° 16.74 £ 0.09"
8 11.79 £1.14° 13.33£0.67° 74.88 £0.97" 56.21 £0.74 1531+0.14°
16 12.45 +£0.43° 14.77 £0.79" 72.78 £0.37" 55.72£0.57" 14.98 £0.11°
24 13.07 £0.31° 14.56 £ 1.39° 72.37 £1.35° 55.88 +0.36" 14.04 +0.13°
32 11.72 + 1.66" 15.70 £ 1.41° 72.58 £ 0.68" 55.00 +0.45™ 13.08 £0.15°

E: AR FEEATRIMAZ R EEFE R (P<0.05).

®2 BERFHEFEEAARET

(mg/100 g DW)

Table 2 Changes in free EAA content of quinoa seeds during the germination process (mg/100 g DW)

G S 0h 8h 16h 24h 32h
Met 2.18+0.23"  0.37+0.00° 1.87£0.02° 1.09 +0.02° 1.26 +0.04°
Val 1.07+0.25  0.71+0.02° 1.38+0.07" 1.71+0.13° 3.70 + 0.36"
Lys 3.87+0.11° 1.44£0.16°  4.14+022°  357+1.13"  439%0.12°
Tle 2.07+0.21° 0.73 +0.00° 2.23+0.08 1.82 +0.09° 3.65+0.15°
Phe 1.88£0.25° 0.52 +0.03¢ 1.63 £0.04° 1.83£0.05° 2.64+0.12°
Leu 1.21+0.19° 0.71 £0.04° 1.60 £0.09° 1.61 £0.09° 3.80 £0.12°
Thr 1.99 £0.33° 1.07 £0.05° 2.41£0.13° 1.94 £0.03° 3.09£0.31°
%% 8 EAA 1427+ 1.67°  555+£021°  1526+040° 13.57+137° 22.53+137

A RARFEHERFRFHMAZEELZFEE (P<0.05), &3F.
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xR 3 HELFHEBEAARENEL (mg/gDW)
Table 3 Changes of total EAA content in quinoa during germination (mg/g DW)
G 0h 8h 16 h 24h 32h U] picg: S
Met 225+0.13°  217+049°  236+0.53"  1.99+036°  2.04+0.47 0.69 2.50
Val 6.74%0.63" 5.66+0.78° 592%0.69" 629+037° 539+0.13" 1.53 6.70
Lys 483+0.38  336+145  441+0.61° 436+035  3.98+1.53° 223 7.90
Tle 7.50+0.73"  6.79%0.58"  738+1.01° 7.49+042°  6.71+0.23" 1.31 0
Phe 6.62+024"  597+0.52° 577+091° 6.71+0.19°  5.69+0.57 1.35 5.90
Leu 757078 6.87+0.53"  7.92+122"°  7.83+046°  6.82+0.45" 2.77 10.10
Thr 3.98+0.81"  4.17+031"  421+0.69"° 459+025  433+0.13" 1.20 4.80
% EAA  3949+335 3499+350" 37.97+5.12" 3926+2.14" 3496+0.70°  11.08 37.90
x4 FEEFHEBREAARAAS R CSTL 3T EE
Table 4 Comparison of protein AAS and CS in quinoa during germination
P 0h 8h 16 h 24h 32h FAO #E#18/ %&EEEG/ Hnka/
AAS CS AAS CS AAS CS AAS CS AAS (S (mg/gprot) (mg/gprot) (mg/g prot)
Met 046 028 056 035 068 038 057 029 058 030 35 57 33
Val 096 073 103 078 1.8 081 126 079 108 068 50 66 64
Lys 0.63" 0497 068" 0537 0807 0577 0797 0527 0727 057" 55 70 78
Ile 134 099 170 1.14 184 124 187 116 1.68 1.04 40 54 47
Phe+Tyr 146 094 180 1.05 183 1.07 202 109 175 09 60 93 102
Leu 077 0.63 098 073 113 084 1.2 076 097 0.66 70 86 95
Thr 101 060 104 081 1.05 081 115 081 108 0.77 40 47 44

VE: O H 5 — TR RIRER, b IR R LR

* 5 EEXRFHELEREBIEL (EAAI)
£ (BV) Xttk
Table S Comparison of EAAI and BV of quinoa during

germination process
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Fig.4 Changes in dietary fiber content of quinoa seeds during the

germination process
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Fig.5 Changes in GABA content of quinoa of quinoa seeds during

the germination process
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Fig.6 The variation in the total polyphenol content during the

germination process of quinoa
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Fig.7 The phytic acid content variation during the germination
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