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ABSTRACT: Objective To explore the effects of cooking time on the flavor and texture characteristics of 3 kinds
of common cereal porridges, namely rice porridge, millet porridge and maize porridge, and to compare the
differences in glycemic index (GI) among different grain porridges. Methods The flavor and texture characteristics

of the porridges cooked in a rice cooker were determined by gas chromatography-mass spectrometry and texture
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analyzer. A human trial was conducted to measure the GI values of the porridges, and the high-GI porridge was
further optimized. Results Flavor analysis revealed that aldehydes and esters were the dominant volatile
compounds in the cereal porridges. Specifically, rice porridge was characterized by the fresh note of nonanal and
hexanal, millet porridge was rich in vanillin and undecanal, while maize porridge exhibited a fruity note mainly from
esters such as methyl heptanoate. Texture analysis showed that hardness of all 3 kinds of porridges decreased with
prolonged cooking time, with maize porridge showing the highest hardness and rice porridge the lowest. Sensory
evaluation indicated that rice and millet porridges cooked for 30 min achieved the highest overall scores, whereas
maize porridge reached its optimum at 50 min. GI tests demonstrated that rice porridge was a high-GI food, millet
porridge was a medium-GI food, and maize porridge was a low-GI food. Using rice porridge as the base, the formula was
optimized by adding milk powder. The resulting low-GI (41.1) rice milk porridge with 13% milk powder showed a 47.4%
reduction in GI compared with plain rice porridge. Conclusion Reasonable control of cooking time can optimize the

eating quality of cereal porridges, and the addition of dairy products can effectively reduce their GI. This study provides a

FH1TE

simple dietary improvement strategy for consumers to select daily porridges and manage glycemic control.
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Fig.l Principal component analysis of volatile compounds in
cereal porridges
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Fig.2 Heatmap clustering analysis of major volatile compounds in cereal porridges
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Table 1 Major volatile compounds in cereal porridges at different cooking time (ng/kg)
N " & W]
FCA R PREEEC YK K
20 min 30 min 40 min 50 min 60 min
FOKH 0.069+£0.054  1.094+0.304* 0.301+0.040%° 0.317£0.025° 0.191+0.045"° -
TR 1420.68 /K ND - 0.800+0.032%*  0.350+0.023%°  0.272+0.095"¢  0.225+0.012%°
EKH 0.096+0.001 - 0.205+0.044*  0.143+0.002%°  0.134+0.001% 0.123+0.0185¢
FOKH 0.02£0.006  0.104+0.061* 0.045+0.0174°  0.033+0.008"°  0.030+0.006° -
+ R 1402.33 /K ND - 0.038+0.000**  0.033+0.005*  0.021+0.001%*  0.011+0.011¢
oK ND - ND ND ND ND
FOKHE 0.885+0.067  1.525+0.224* 0.930+0.603** 0.603+0.3114% 0.567+0.1374% -
T 1099.11 /KM 0.504+£0.004 - 0.507+0.045%°  0.423+0.059%° 0.496+0.147%* 0.534+0.126"°
FKH 0.301£0.027 - 0.387+0.030%  0.295+0.025°  0.294+0.004%  0.275+0.017%°
FOKB 3.901£0.531  1.254+0.509° 0.335+0.257*° 0.088+0.0525° 0.227+0.202° -
(S 787.00  /INKIE 3.440+0.835 - 0.122+0.004%°  0.342+0.061"  0.067+0.025*!  0.293+0.265"
i3 FAW  1.622+0.050 - 0.062+0.035*"  0.024+0.002<°  0.012+0.003%  0.019+0.004%"*
S FOKH 0.041£0.005  0.050+£0.001°  0.047+0.020%*  0.029+0.008"*  0.031+0.004"° -
+ 1590.86 /K 0.037+0.011 - 0.036+0.0007%"  0.028+0.002*°  0.018+0.002%  0.024+0.005"
EoKiH ND - ND ND ND ND
FOKHE 0.17540.062  0.845+0.487* 0.367+0.226** 0.198+0.098"°  0.169+0.0014° -
A 1199.82 /K 0.196+0.064 - 0.14+0.024%*  0.101£0.012%°  0.122+0.021%® 0.162+0.0194*
EKH 0.056+0.008 - 0.060+0.008%  0.047+0.002%°  0.056+0.004*  0.057+0.0015
FOKHE 0.09940.039  0.100+0.017* 0.057+0.0174%  0.043+0.012"°  0.029+0.0094° -
2 -2-T- I 1153.66 /KM 0.058+0.005 - 0.052+0.0024%  0.037+0.0014°  0.024+0.002%  0.040+0.014°
F K ND - ND ND ND ND
A ND - ND ND ND -
OV —HJEAREE 1088.00 /KU 0.142+0.049 - ND ND ND ND
EKH 0.050+0.001 - 0.043+0.012°  0.038+0.009°  0.041+0.012°  0.066+0.002°
KA ND 0.043+0.001 ND ND ND -
WHRER 2-1%H+ — - "
- 1742.00 /K3 ND - 0.027+0.003*  0.029+0.001°  0.020+0.002®>  0.008+0.008
MU H
EoKiH ND - ND ND ND ND
FOKHE 0.04240.003  0.067+0.003*  0.024+0.003°  0.029+0.001° 0.028+0.003" -
R 1122.00  /IK# ND - ND ND ND ND
EKH 0.043+0.002 - 0.018+0.007%  0.019+0.002%°  0.022+0.001%  0.024:0.005"
N FKH ND - ND ND ND -
WAL 3+ T -
for L 1657.00  /IKufs  0.062+0.023 - ND ND ND ND
v ML I&]
£ K ND - 0.015+0.004"  0.011+0.002°  0.015+0.003"  0.015+0.002°
2,2,4-=H3E-3- A ND 0.050+0.001°  0.033+0.002°  0.019+0.0015%¢  0.021+0.009"¢ -
REFWIILER  1763.00 /MK 0.073£0.002 - ND 0.034+0.007**  0.02+0.005**  0.032+0.012°
5T HR B 0 ND - ND ND ND ND
KK ND - ND ND ND -
B H TR 1020.00  /IK#G ND - ND ND ND ND
EKH 0.529+0.014 - 0.302+0.010  0.337+0.018°  0.382+0.019°  0.412+0.002°
. - FKH ND - ND ND ND -
EIEE E& 578 N
. Jﬁb T 154800 VKK ND - ND ND ND ND
H
K5 0.022+0.001 - 0.027+0.009°  0.021+0.002°  0.022+0.005°  0.024+0.003"
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) FEAE A
RCA R TREATREL B AEP/S
20 min 30 min 40 min 50 min 60 min
1622.00 KK 0.176£0.033  0.372+£0.377° 0.116+0.037%°  0.124+0.015"° 0.038+0.002"°
6,10-—H1 J£-5,9- — B Be Bd b
_ A IINK G ND - 0.074+0.003%  0.054+0.008%  0.030+0.001 0.060+0.011
-2
i B N ND - ND ND ND ND
% 933.00 KK ND 1.099+0.185" 0.885+0.0435% 0.941+0.115%® 1.03440.0354*
2,5-HIAE-3- Sk c Cb B A
i /NKSE 2.880+0.045 - 0.343+0.143%  0.480+0.004%°  0.551+0.0255*  0.553+0.003"
EoKH 1.482+0.032 - 1.134+0.012*°  1.128+0.038"" 1.262+0.068* 1.283+0.010"*
FOKHE 0.020£0.006  0.290+0.092*  0.177+0.002°  0.161£0.004°  0.126+0.002¢
2-TN 31 1053.00 /K3 ND - ND ND ND ND
K ND - ND ND ND ND
KK 0.020£0.005  0.076+0.012°  0.022+0.004%°  0.021+0.004%°  0.03440.004"*
1-T 7S BeRE 1841.00 /K5 0.035+0.003 - 0.029+0.002%*  0.023+0.010%*  0.023+0.007** 0.018+0.006%*
EKH 0.026£0.004 - 0.045+0.014%*  0.030+0.002%°  0.038+0.008**  0.045+0.003**
i KKk ND - ND ND ND -
L O R S 1666.00 /MK ND - 0.043+0.008"  0.024+0.006°  0.033+£0.015"  0.018+0.004°
EoKiH ND - ND ND ND ND
K ND 0.040+0.001° 0.019+0.001*  0.025+0.007°  0.020+0.002"
- — 1268.00  /NKifs ND - ND ND ND ND
K ND - ND ND ND ND
Tk 0.981+0.111 ND ND ND ND -
- -3 978.00  /INKHS  0.134+0.019 - ND 0.066+0.025°  0.008+0.008" ND
EoK 0.357+0.039 - ND ND ND ND
FOKHE 0.199+0.007  0.396+0.226° 0.115+0.028%°  0.150+0.064"°  0.087+0.0374°
Wi 2 1230.00 /K ND - 0.482+0.018**  0.182+0.029*°  0.170+0.067"¢  0.228+0.077*"
% FoKHE 0.067+0.022 - 0.108+0.029%  0.076+0.001%"  0.0510.017%°  0.055+0.012"
ES FOKHE 0.158+0.049  0.317+0.050* 0.154+0.029° 0.126+0.006*°  0.064+0.0194¢
N1 VAV S 74 1940.00  /INK# ND - 0.123+0.024**  0.055+0.014%  0.040+0.009%>  0.058+0.031°
oK ND - ND ND ND ND

TE: R LR, ND 2R B ARG ENZA G, EARKE T RN AR AW Z WA 7R 35 22 5 (P<0.05), AR/ NEF 30K
A 15 s 5 A ] B ) A7 S 35 22 53 (P<0.05), T 2K [l

B2 UR (R, ISR 55 W2 M K 46 5 A,
HAT A AT B KR FRAE . ph T R R (AR, A
AR R KU AT B TR Y . PEmR Y i 3 2 B B3R
AR, R PR R 2 B FPREOR ). B Y I (U oK
o1 PRGN 1, = TR P 6 S5 IR S 00 S A JROK 6 AR 5 K58 P A
W, FRIAL S PBRARACERERE, A I ()X 52 1
B BRI E W BAT BRI, 14 -3-
e LA A P B 1 AR ), A WG 1) 2 KR R
FRAE 3 RIS ARG R . 3 AR Aok h 450
AR R ZHO 788 Z 57 A, EEOk AP s
i A AN S RS, ST IRET, WA R AR, ORI
ZINATHG B R TE DA 8 fi) P A R A, i T K g v T R
YW BT B 2 A I (] i i B SO AR e, ELR

RACE YIS ARG

AW RS RETFN O
w2k 2 Pow, 18 7 DBHRIR T, 2R X 23 P9
1 SR A A 35 RO o AN ) 19 7% 2 )X 25 5 o 2 e
PEAT B RO o B AR i £ TR 4 o R v k3 U T A
I T B9 i R DL, (e, R ITRE Al B, 11 ol 5%
S, B AR R AT BT KB, T B S S AT
B AR PR B, X SIS 0y S LI A i, LA 32 A
UV 23 B N BAERE ] (1 S 4 T AR Y 3 R 4386
HR RS A R i, LU /N KRS, JROR 98 B e 1K,
HHEA BH2ER(P<0.05). 3 YRR 3 Fids
PIIEEFIA DR, /IR TOKTERIES ShZE BN BURA TP A S 8
IR, FOKITE M2 S AL R AN HIRL 25 2 W IR0,
N 3 FroR, 3 TP oG 0 S R 2% I 8 T I ) A8 <
SRR, L ROR o R (B BEAE 20 min, T

2.2
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Table 2 Texture analysis table of 3 kinds of grain porridge

. . ZEE M I
ek B
20 min 30 min 40 min 50 min 60 min

KoKk 9.38+0.54° 5.81+0.46° 4.16+0.07% 1.53+0.34% -
fiff /N TN - 10.90+1.255 5.66+0.27% 2.79+0.885¢ 1.11+0.2354
B/ - 22.41+4.62™ 19.40+2.25" 14.59+2.06"" 13.62+1.05"°

KoK 1.88+0.07° 1.80+0.078 1.7540.03P° 1.02+0.57%¢ -
K% 71/(N.mm) INK R - 2.2140.25% 1.07+0.80%° 1.34+0.605® 0.35+0.015¢
FOKH - 2.46+0.67 3.30+1.70™ 3.24+1.03% 3.02+0.86™

KoK 0.37+0.08° 0.37+0.03"° 0.37+0.02%° 0.62+0.08"* -
N E K - 0.39:+0.01%¢ 0.49+0.05"° 0.62+0.12% 0.76+0.05%
EoKE - 0.09+0.01% 0.07+0.01¢¢ 0.13+0.025® 0.17+0.06"

Tk 14.22+0.21° 14.32+0.18"° 14.46+0.19%° 14.88+0.14% -
FPE/mm INK S - 13.40+0.28"° 13.45+0.35% 14.15+0.18"% 13.85+0.26™
BN - 4.9441.25 6.47+1.82% 8.33+0.88 8.00+1.18%

KoK 3.69+0.11° 2.2840.13% 2.08+0.03%¢ 0.98+0.02 P -
/N IINK S - 4.28+0.32% 2.77£0.212° 1.63+0.38%° 0.84+0.14%¢
FOKH - 1.92+0.26* 1.40£0.19° 1.90+£0.30% 2.26+0.69"

KoK 48.42+7.63" 30.44+3.17% 22.09+0.825¢ 13.68+1.328¢ -
NI /mJ K - 57.30+3.47M 37.3443.66"° 23.08+5.314¢ 11.70+£2.16%¢
EoKE - 9.66+3.36"° 9.24+3.48%° 15.73+1.57% 17.484+2.51%

FOKH 0.03+0.00° 0.03+0.004"° 0.03+0.00"° 0.10+0.074¢ -
/&K a INK S - 0.02+0.008"° 0.09+0.06" 0.12+0.14% 0.35+0.06"

B/ - 0.0240.00B* 0.02+0.00% 0.02+0.01"B2 -

£3 IMBAYEHNRETENE
Table 3 Sensory evaluation table of 3 kinds of cereal porridges
. . ZEAE ]
Eistan Ly
20 min 30 min 40 min 50 min 60 min

FKH 5.35+0.64% 7.60+0.725 7.95+0.65% 8.05+0.905 -
i INKHE - 8.2040.59 7.85+0,894B 7.45+0.844 5.10+0.685°
K - 5.15+0.775 7.30+0.76"° 7.60+0.725 7.85+0.83%¢

K 8.20+0.50** 5.90+0.43"° 5.254+0.68*° 2.65+0.714 -
il J3g IR - 8.50:£0.49" 6.82+1.14"° 5.95+0.79"° 2.25+0.97%¢
FAKH - 7.15+0.77% 6.09+0.76 4.85+0.89"° 4.05+1.00%

KA 8.35+0.474 7.75+0.61°° 4.45+0.49%° 3.15+0.35% -
BYES IINK K - 8.60+0.48"* 6.85+0.77"° 6.30+£0.76"° 5.70+0.825¢
oK - 8.15+0.83 7.05+0.845° 6.90+0.755° 6.85+0.64"

K 7.30+0.76"° 7.10+1.23"% 7.80+0.66"° 8.60+0.784% -
i INKH - 7.30+0.76"° 7.10£1.234° 7.80+0.66"" 8.60+0.784*
F K - 6.05+0.79" 7.50+0.794° 8.05+0.72" 8.50£0.79"*

A 5.60+0.48"¢ 8.55+0.72 6.90+0.685 7.60+0.574° -
LEETED IINK - 8.50+0.58* 7.80+0.85° 7.05+0.84"° 4.45+1.005¢
TR - 6.63 + 0.40% 7.80+0.96"*° 8.35+0.64* 7.2540.92¢°

/NS FRWITE 30 min B, B DUBCE PEH ORI A TER 30 min J5 SN TR 96 B TRIPRAT 2R, JOKH
A 20 min JFR, /MK FIE KM 30 min I iR BEH % IR ] 5 A U0 BE A5 0 22 5 1. 35 (P<0.05),  HLBEHE 5[] /Y
FRF ¥ ) 2 K, RO 98 R TR G B8 BB B 3G, T/ oK SEACBERARG, /INAC TS R K5 . 12 R I (1] ) S 4 AR R R
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B, X FTRE T A S . B Y e RS m
SRR AL, 3 RS A BT RE T 43 e e IS L BRLE
I 1] 5 < A BsF I A5, 3 D M P R S AL 5 R i e it T
ATVEPERE AR, TGS T REO LR A A KK R
MU/NKHEIAE R 30 min B e, 439k 5) 8.55 Al 8.50,
FKMLESIESITE 50 min MR A 8.35, ZEREH, 3%
BRI | S8 BEE I ) TR R, Hh R OR s R
FEfems, KK RAL. BTN R, JORIBAVN K
HL PR 6 2 30 min BN 255 PP e, FOKITE 50 min 2545
W o

2.3 BRI A GI

HEHE WS/T 652—2019¢ B IAH A 5iFs F0 & 7779 ),
T AN EYIHE Gk 3 25 Ik GT 84 GI<SsS,
o GI ¥ 55<GI<70, GI>70 [k GI &Y, mE 3
fis: oK GIoh 80.71, J&F GL &4, /Kl G 2
64.44, Jyh GL &%), K GI J& 54.50 Mk G &4 4
WFFEINSE A ROKR . /KB R OK3B A GL s T (P
EEWIA3R) (2016 MR, FEFEFE A GEEHF Gl
R aagE i B A RBEFg SRS, G i
P2, SEde R 2 W a0 R AL G2 e Ry B AV, ANl 2%
MR S AP N T AR R B, GT R R . A
F14) 28 A S TR0 23 TACAE 8 S A b ) L B i oy JE A K
ANFIHESRZS S, St i i e M 2 A G, Xt AR 5%
SR g AR 22 R IR R 22—

100 -
80
b
T
60 .
S
40
20
0
Kok K ER N
e

TE: EH/NG TR RN 22 57 8.3 (P<0.05).
K3 3 AW Gl
Fig.3 GI of 3 kinds of cereal porridges

e 4 FioR, BEE DRI BN, FORGhHS 14 &k
HIE BT R AR 2RI 13%0, J&
BPE 2 3k B 64 (90.243.1), B F T HA W0 s i
(P<0.05). WHMEAINE 7%. 10%H}F, KRS BN, 3
IR T AN (16% . 19%) W) Bkl &

FUSRER, A PIAR, PR TR,

F4 KRPBBREIFMNE

Table 4 Sensory evaluation table of rice milk porridge

WK BN/ % R4
7 71.543.5°
10 82.542.5°
13 90.243.1°
16 70.6+2.8°
19 52.3+4.6

W PARING FREFR RS [E W8 U 02 B SR B PR A A i 2
(P<0.05).,

WE 4 FioR: AN 13%058, FORTH S
FOKMS GLAH B2, SORTIIE G R 41.1, HRAKH
AHEE, W5 G TRET 37.1(T M 47.4%), SoRA905Hm
W 5 AT A R AR SR B GL Wk & A7 =E M IR
SRR, B T DAl kG e Ry i 3K, BHLAS 5 A
SSVE R Bk, AE R A TE R (T AR R, AR
TR WAk AT DL R A W, T REAR B
GIP*), 55— 15 ML HE R 6 A, TURURH PR G S8 5 e 48 Bl
BAEA 25 g FLEE MRS A JUES H HiAs,
PRI 5 A3, AT PR 5 MDY, 28 BBk, Wm
Wikl Ak G K, NI GT &4,

100 *
—

GI

Joki FAATH 1
A
Yz * R IORWIIB Y G ARG G M AT i B k22 5
(P<0.05)

K4 IR G
Fig.4 GI of rice porridge after optimization
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PR A o 22 21 XU ) Joi A R P 1) 288 T /5 30 9k JEE g (R,
W i 1 I 1) S 3 A, TR 2K 0 S 5 DU A A
FE o ORI T T, 3 A 49y o8 A s R T I ol I TR) A I A e
g, SEEIRVETE, JOKRM . ANKSK ] 30 min BHZEE
o, FOKRMSEN 50 min B 255 TP iRl . G AT I Z%
RER, FOKN AR GLEY), /INKH N GLEY, FKH
AR GU B, &R A A UIEAR D8 AT 9 986 il e 4
PET BHRI AU . UROKR IS BT LSS 13% 054 Je
FACHAR GU Hhh o ABFFERRUHMELE T B0 7 g
LR A 3 BRIk 0 RUR K JER AL, Sl NI e
ALK GI il BB AT 523245 Wy ok (9 XUBR:, 12 Wl 438
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