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Abstract: The impact of the addition of mixed grain composite flour on the quality of naan was explored in the article, which was
achieved by measuring the gelatinization characteristics, dough rheological properties, texture characteristics, color, and sensory
evaluation of naan. The influence of adding different proportions (0%, 5%, 10%, 15%, 20%, 25%, 30%) of mixed grain flour to wheat
flour was studied. The volatile substances of mixed grain naan were analyzed using Gas Chromatography-lon Mobility Spectrometry
(GC-IMS). The results indicated that with the increase in the addition of mixed grain composite flour, the gelatinization temperature of
naan increased from 67 °C to 84.20 °C; the weakening degree increased from 16 FU to 36.50 FU; the formation time decreased from
6.60 min to 5.25 min; the maximum tensile resistance decreased from 478.25 BU to 169.60 BU. The flour quality of the dough,
stretching characteristics, texture, color, and sensory evaluation of naan were all found to have changed to varying degrees with the
addition of mixed grain composite flour. It was considered appropriate to add 20% mixed grain composite flour to wheat flour after a
comprehensive consideration. A total of 55 volatile substances were identified by GC-IMS, including 2 types of cyclic compounds, 3
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types of furan compounds, 4 types of acids, 5 types of ketones, 9 types of aldehydes, 9 types of alcohols, 15 types of esters, and 8 types

of others. Compared with ordinary naan, the content of volatile flavor substances such as esters (14.44% to 19.36%), alcohols (15.25% to
17.23%), and furan compounds (1.13% to 1.54%) in mixed grain naan was found to have significantly increased. It was suggested that
adding 20% mixed grain flour to wheat flour not only improves the nutritional value of naan but also provides theoretical and technical
support for the quality control and flavor identification of mixed grain naan, which is beneficial for the development of mixed grain naan
products.
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1.3.3 tEagHI4E

HEMIPRE I E 56 300 g, 30 g BN, 2.4 g BERREY, 39 8k, 29120 g 4%, ARG (450 9)
ZerKIm 41, 35 ‘CHE 50 min, T H 2 FIERSIR DI ik, A, bR EL ok B S8R INAELL, 230 C

PR 18 min, N
1.3.4 (EERE RN

IR VRN S5 RSP I, @A A 10 min J5 AT IIEAR A B 10 AR, 39

P ILER 1.

x= 1 BT FARE

Table 1 Nang Scoring and Standards

BB 44T oA A 5

Rl TR 11~15

ShEMAE (15 4) R I AT - T RIF AR G 6~10
FEA Y RIRFRHE 0~5

ke 11~15

eF e e

15 5) AE-LE X/Efm?%ﬁ RS 6~10
HE-ARERLRLELE 0~5

H I ok 15~20

Rk (20 4°) AT A 9~14
HATHZ AR 0~8 4. 0~8

d PRI G -E ) K BT 11~15

MM (154) BRFE-AIRY Y -ER S -LBEE  6~10
Wi R E-AILRH Y-S - KB E 0~5

HAREF -5 TR 11~15

BE (1545°) B AR AR R ARAE 42 5) TR 6~10
B-T 5 TR 0-~5

BRI AT 8~10
BRAGHE (10 %) PLAR BRI 5~7
T BRI RS 0~4

B (104) wﬂ“é?xf P AR AR T 6~10
iR o a5 B N E Y 0~5

1.35 Aoy
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HZ% 2 A 50, BEE S A s & B8 0, 16 75 M 30.19% T [543 26.90%, 55 ()i A 9.86%1 K 1| 10.33%,
KM 0.35%3 K F| 0.64%. MEsIiEH L 10%0, A8 MR T & 8 2R ERIGESA B R R T A
(P<<0.05) . EEWRINEEH, i TR b B e, g A5 7. SR, i Edsmaas
S 0o] T A1 PO T A9 P 4 3o OB R « ZAR R A I INBUE S A E AR SR 2T miE s, & R h#EE i
SHREEARGEA . NERTIEEEHREREAMEREALRT, EEERNERD T RS
MEREAMEZREN, S5IBURHHETE NEOMS, BTGB IR HE ETEA.

R 2 RMRM BN E A IRLE I

Table 2 Effect of the amount of multigrain powder added on the physicochemical properties of composite powder

FaBl% A% 5% I8 & #1%
0 9.8640.13"  0.3520.01" 30.19#.09°
5 9.8940.13°  0.4040.01° 29.360.37°
10 9.9140.07° 0.4740.01% 27.8810.11°
15 10.3140.07°  0.6120.01° 27.1340.00°
20 10.2240.10° 0.5640.01° 27.6440.11°
25 10.4240.01° 0.6020.01° 27.2340.27°
30 10.3320.01*°  0.6440.00° 26.9020.31°

i RRINBFEAFTRR R ER S EMEF (P<0.05) .

2.2 FRIAN T E B A M LR PR R
3 AR EX E AR EZ0
Table 3 Influence of the amount of multigrain powder added on the properties of composite powder paste
A /% AR Icp ARASREEIcp Hig4t/cp RAHEFElcp  @Al/cp SRR /min HMLIERJEIC
0 2760.545.46°  1694.045.84"  1066.534.84° 2944544.45° 1250542.77"  6.0041.65°  67.00+40.00"
5 2909.0#1.75°  1670.540.55° 1238.543.37° 3115.0+1.54% 1444542.69°  6.0023.06°  67.530.89%
10 2923.520.99%  17285+1.68® 1195.040.00° 3252.020.83° 1523.5#0.14°  6.2040.00°  68.7040.00°
15 3122.041.22%  1854543.16° 1267.541.62° 3845.0+1.84° 1990.530.60°  6.1020.70°  82.88+40.73°
20 3170.543.11*°  1811.0#4.06® 1259.5#1.74° 3812.02255° 1901.0#1.12°  6.10#0.70*  83.4040.00°
25 3218.545.41%°  17825+1.15® 1236.041.56° 3827.040.74° 204454038°  6.0443.87%°  84.20-H.43°
30 3262.044.64° 1761.545.01% 1215544.08® 420254355 2241.042.27°  6.1040.70°  81.3240.74°

E: RRANBFEATFARAERLEME R (P<0.05) .

TIA FADAA A A 1 T DA S5 W T o o P 00 AR P 3 T Sl [RA ) 0 . 3R 3 s, B VNI 389 i,
EKEEE ) 2 760.5 cP ETF% 3 262 cP, k4K 1 694 cP LJF% 1 854 cP, Fitf#ftirh 1 066.5 cP ETF&
1215cP, HZHGE 29445 cP Lt % 42025 cP, [HIA4:fH 1250.5 cP LF+5 2 241.0 cP. M (A I GE Ky 1) #4
FasElh, MMM, EamiaeiblzEl, pE S SR R mmIRE S Lo, A TR0
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FAR I B 3 TR T M B9 R v

B 1 arsn, BEEESMAINE, WHEABKE. 5908 . . £ i a2 B R s
MININEN 5%~25% VU, WoKHR 20 BTG FRERERA, IINEN %N, WKFRR/DN; Mgl
10%~20% G [N, ARES TG HEZH, WRoKZ B8 (P>0.05) . W KZ M1 T semam i T fE, Mok
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Fig.1 Changes in powder characteristics under the amount of different coarse grain powder
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Fig.2 Changes in the tensile characteristics of the mass under the added amount of different miscellaneous grain powder
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SO TR Rk T R R R PE OO B2 4 BT . BRI AR N, AR KR THT B ) R K i P T
P B AR 8] BREBUARR . R RE B 2 TR . 5B ammes 7w sE e, ke
ST 1M LIS 2 ORI THI A P9 28 4540 . TEVRINEE 5%~10%MN, TH =< &E LA, P Saeiigm, XF
FOERUON MR Sk et 1 T B VN ORI S 1, SN T T AR AR ROAREE AR K T TR AR s
SR it 22 TR DN 52 B B -5 T A0 2 P 3k 5% T A P % e ASE AR JEE I, S0 T A AR AL N2, DR b R i
AR T RES . R AECE D EEREN, R RS E RV IR R BRIy Bk 4 WH, BERS
s g, mRORE RBCE PGS, IR A R R o AR R, i P Rt
e IVE NG
R4 FRIZARMIRME T E R L BFEEREL

Table 4 Changes of group fermentation characteristic value under different multigrain powder addition amount

A bt & B R B R K& BBAARAR TV AMBRRKEGE & B 5 JLILIR A 1) 5% A RI%
1% Hm/mm /mL Hm'/mm Tx/h

0 32.6540.74® 2888.824104.96% 126.5343.59% 0.3090.01° 93.0040.03°

5 35.1040.25° 3439.08+107.94° 146.1343.93° 0.3249.16° 92.0040.04°

10 33.3040.14%® 3301.38470.94° 141.6944.32% 0.3349.18° 93.0040.02°

15 28.4540.89% 3129.19+106.34% 139.5944.1% 0.2849.11° 92.0040.03°

20 29.9041.27% 3615.29+101.81% 175.3145.58 0.2249.02% 90.0040.02°

25 27.8540.20® 3574.06+101.88% 153.8345.14% 0.2249.02% 90.0040.00%

30 26.7540.33" 3057.53+101.14% 134.4944.78 0.2140.01° 90.0040.03°

Z: ARAADNBFERATRRReENREMEZF (P<0.05) .
2.6 AR E HE & T R

M 5 ATLLUINE], BEE AR E SIS IR RSN, MR E . R A BRI DL
R E R0 NS, M. MRIES KR E T 2 & A (P<0.05) . MAKE, WINE
T EITE 5%~20%M, FAREER AR BT PPN T . ISINE N 20%0, Fr s s PR A 85.38 73, faiEdl)
A3, FRWRAS. BAZRERA R S Ak, DR ST g, SAL S, T ERA
FRO I BRI, AR

5 TRAXBRE S FIMENRRE RRNTM

Table 5 Effects of different multigrain compound flour supplemental levels on sensory quality of Naan

S ShEF A &F Kk P ELEM AR ERAE P b &a
Ny /%0
(154°) (15 %) (20 %) (15 4%) (154) (10 4°) (10 4°) (100 %)
0 12.2541.98% 12.7541.30%° 16.2542.60° 12.3841.06° 12.13+1.89° 8.3840.74* 8.3840.52° 82504558
12.504.6° 135041.69*° 16.7541.98° 12.88+1.36° 12.6341.30° 7.7540.89% 7.7540.71%° 83.7546.54°
10 12.0041.41%® 13.004.41% 16.0022.39% 12.38:1.06° 12.8840.99° 8.2540.46° 7.3840.92" 82.3845.88™
15 12.7541.28%" 12.6341.30° 15.7542.60® 12.63+1.30° 12.6341.30*° 8.3840.52° 8.3840.74° 81.8846.62°
20 13.6340.52% 13.1340.83° 16.5042.56° 13.50#1.07% 11.50+1.51® 7.6340.52® 7.00+1.07° 85.3844.07°
25 12.3840.92% 11.2542.60° 13.7543.28° 12.2542.49° 12.6342.70*° 7.88+1.36® 7.3841.06 76.75412.37™
30 11.6341.51° 11.3841.30° 14.3842.20° 12.0041.41*° 12.7542.05° 7.3840.92° 8.5040.76* 78.006.32%

E: RRANBFEEAFARRRRERZEMEF (P<0.05) .
2.7 AR Jin & X A A T B B

R R AT R M2 P I T BB AR —, BRI S R R, R R LA A R Sk s xt
M PURREI IR 6 Fros, HBINELEIfE 30%H,, JARMEREE Ny 27.49 N, 2@ EN) 2.28 ff: MHEM N
12.55 mj, @R 1.79 f5; KMy 4.35 N, 2 iFIEER) 1.25 £, XEUSHRAK EE EIHES . JomiE
FROREIEE . PELURRIE PG 15 2 R 6 10 0 PR 2 PRI, b 2 A i e b R o ok 50 et 2 1%



B E AR Modern Food Science and Technology 2025, Vol.41, No.10
SkRRTFWF AU IR R I, B R AR TR0, RS SK I AERE . PE R IR X T AR =, SRR,
UK, EOBE R . 3R 6 WIAN, Bl VS DN E 3G hn g it s it Sl ke, T A TR0 79 2H 2R 40 DR R 55
IR . thAh, BT HENB T AR G A4S &, ShmolE/Ka RBAE S, SRR & ABKA
g, FHLE 7T M G R RG AT AL R URE I PR, DASSOIE TR % R %8 i ot 5258 .

*® 6 TREIZHRMRINE TR RADF M T A

Table 6 The main characteristic values of texture characteristics of Naan under different additive levels of coarse grain flour

A ) /% A EIN FEME M N/mm 3.4 fmm B kb IN wH 7 M Imj
0 12.0540.21° 0.5840.17° 3.7640.45% 3.4840.11° 7.0040.99°
5 5.9940.16° 0.9840.42 4.5740.30% 1.7340.13° 7.9041.13°
10 8.08=0.26¢ 1.450.70° 4.9740.85° 2.2640.25% 10.60+1.41%
15 8.0040.69¢ 1.5940.26° 4.4640.26% 2.1940.17% 10.750.21%
20 8.4340.42¢ 2.1040.67° 4.5240.06% 2.5840.13% 11.6520.21°
25 15.6340.42° 1.4140.01° 4.0840.96™ 3.1540.28™ 11.8040.14%
30 27.4940.26° 0.650.06 3.3540.21° 4.3540.45° 12.5540.49°

Z: ARAADNBFERATRRReENREMEZF (P<0.05) .
2.8 Z N B AR B F N R

ORI EEE Y —, BRI 2 0 S L, AR AR S R I T B P A
N 7 s, BEEINE, L B 62.51 THEA 42.63, B[ %K% (A Wsidqs, (200 2 i i i b
PR mA AR b*AH 28.83 TR 19.91, 1IN 2 I WL/ N MR T A% AE AR EFHER,
FH 39.60 -7t %2 54.35, )\ AE W] 11, V8 N A0 I TR AR X /N 22 THUR) I P €8 vk BLAm 41 . a*{H 7.90 b F+ %2 14.97,
BP MR ML E RN, R RE . RE SR T/ N EMT S, EORAREEAAES RN, XTI
F AT MRS I R R AR S s SRR AL S N, X (A € 3 P A R

=7 TREIZBHHTNE BN @RS T B EE

Table 7 Main characteristic values of color characteristics of Naan under different mixed grain flour dosage

FAarbts) (%) L* a* b* AE
0 62.51+.04% 7.9020.67%  28.8340.37°  39.6040.64°
5 57.1241.35°  10.8321.00° 27.0320.57°  43.5541.07°
10 52.4240.50° 12.3740.34" 24.9740.49°  46.9840.77°
15 52.394.04° 12.7940.44™  245440.25°  47.14+.09%
20 48.4140.78° 13.0740.30° 23.3840.33¢ 50.1240.63"
25 46.8020.41% 14.1330.37° 21344039 50.5040.23"
30 42.6340.90° 14.9740.32° 19.9140.40° 54.3540.79°

E: ARINBFERTAR RS ERE R (P<0.05) .
2.9 AT AR 18] oy AE K M AT

H &1 3 AT RN, B2k v I b A8 5 90 T 5 W 7 3 R AR BEL 7 T P A I i K v L 3L B IR 35 4R 9% (P<0.05),
SR WEAERGRE . eIl R PHIEE R B IEMR (P<0.05) , XRWIBEE IR, MR
ANRE R 7 B, IR 2 PRAS, BER TR, E VRO A SRS ] SRR IR R
FIEMER (P<0.05) , ARG E I (AR T TR e P, A I TRI RS AR T P SV, OB . ORI
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Fig.3 Correlation between the added amount of multigrain composite flour and naan dough quality index
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Fig.4 Gas-phase ion migration analysis of volatile components of common naan and multigrain Naan
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Fig.5 Volatile Components Fingerprint Chromatograms of Common Naan and Multi-Grain Naan
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Table 8 The composition and relative content of volatile compounds in whole grain naan and regular naan

PRE B ) AART & & /%
el & L4 AR F LA CAS 5 2F X
Is Ladtk Fe Atk
T B A B Propyl butanoate C105668 C;H1,0, 398.895 0.2840.01 0.5140.04
TR TBg acetic acid hexyl ester C142927 CgH160, 588.208 0.6140.03 0.8140.00
y- T A B y-hexalactone C695067 CeH100, 667.489 0.1240.00 0.0740.00
FRER T B Methyl isopentanoate C556241 CgH1,0, 608.747 0.3040.01 0.6940.02
2-1R B W By 2-Methyl furoate C611132 CeHsO3 496.185 1.7540.06 1.7940.01
y-T M B y-Butyrolactone C96480 C4He0; 419.264 0.0840.01 0.0620.00
5 7 M BR IE T Bl Butyl acrylate C141322 C;H1,0, 377.985 0.9440.01 1.1840.02
% SEALFER K A B Allyl Isothiocyanate C57067 C4HsNS 350.317 0.4940.00 0.4740.02
2-FHATEFHABEE  2-methyloutanoate-isopropyl ~ C66576714  CgH;40, 335.895 2.3840.31 2.5540.34
B 28R g Ethyl crotonate C623701 CgH100, 270.59 3.0240.08 5.5840.12
Y BT B5-M Butyl formate-M C592847 CsH100, 204.232 0.3840.14 0.5840.04
WER T E5-D Butyl formate-D C592847 CsH100, 189.271 0.7540.20 1.1440.16
LBR A B acetic acid propy! ester C109604 CsH100, 176.593 1.1140.05 1.3040.11
¥ BT B Isobutyl formate C542552 CsH100, 163.886 1.8840.30 1.9240.11
LR LB Ethyl acetate C141786 C4HgO, 150.573 0.3540.21 0.7140.04
&t 14.4440.10 19.3640.08
HREE-M 2-furaldehyde-D C98011 CsH,0, 311.212 2.0140.03 1.6840.01
2-FRTEE 2-methylbutanal C96173 CsH100 172.869 11.2140.07 6.3140.16
ENa):S 2-phenylacetaldehyde C122781 CgHgO 667.261 1.1840.01 0.7040.05
(E)-2- 3 Mt (E)-2-Heptenal C18829555 C;H,0 488.864 0.7740.03 1.6240.01
. 4-methanol-2-phenyl-1.3-diox
RF B R = BE 4 B C1708390  CyoH;,04 498.49 0.4540.01 0.4840.05
S olane
% . 3-(Methylmercapto)propional
3-F AL A EE-M C3268493 C,4Hg0S 402.542 1.1240.02 0.6840.04
dehyde-M
. 3-(Methylmercapto)propional
3-F AL AES-D C3268493 C,4Hg0S 398.743 0.0840.02 0.0740.04
dehyde-D
SR B Heptanal Cl11717 C;H140 393.494 0.9540.06 1.5140.05
A ) 2-furaldehyde-D C98011 CsH,0, 311.731 4.9640.14 3.8740.16
£t 22.3740.04 16.9240.06

B CIS-4- B ¥ B (2)-4-heptenal C6728310 C;H;,0 382.432 0.46+0.00 0.6740.02
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% 2-TB% 2-Hexanol C626937 CgH140 272.71 2.7820.03 2.7710.03
% BE 3-methyl-1-butanol C123513 CsHy,0 219.917 3.5740.82 4.4740.19
T 2-methyl-1-propanol C78831 C4H100 158.763 3.0140.03 3.0330.04
B X-2-T i BE-M (E)-2-hexen-1-ol C928950 CgH1,0 331.605 0.3840.08 1.0940.03
B X-2-THBz-D (E)-2-Hexen-1-ol C928950 CgH1,0 326.969 0.1320.02 0.4240.01
2-FATE 2-methyl-1-butanol C137326 CsHy,0 200.726 1.0440.06 0.9940.03
AT B 2-Butanol C78922 C4H100 133.933 3.7630.31 3.38230.12
IR B 1-Pentanol C71410 CsHy,0 239.337 0.1240.02 0.4130.07
il 15.2530.17 17.2340.06
# AR 1-Hydroxy-2-propanone C116096 C3H¢O, 165.265 0.7020.51 0.8440.21
2-F AW Ark#-3-  2-Methyldihydro-3(2H)furano
) - e 3188009 CsHgO; 261.607 0.4140.07 0.3940.06
i IR B cyclopentanone C120923 CsHgO 229.726 0.2740.03 0.5640.03
3-#H-2-T A 3-hydroxy-2-butanone C513860 C4HgO, 201.895 11.3740.28 9.4940.07
1- X M -3-BR 1-Penten-3-one C1629589 CsHgO 170.24 11.2740.88 10.7140.43
&t 24.0240.35 21.9940.16
ESER-M Acetic acid C64197 C,H40, 148.922 5.8340.15 5.4640.26
BR & B2 -D acetic acid C64197 C,H40, 133.458 0.9240.37 0.7340.04
P S TE-D 2-Methylpropionic acid-D C79312 C4HgO, 252.389 0.2540.03 0.3440.01
T E-M 2-Methylpropanoic acid-M C79312 C4HgO, 229.246 0.8240.07 0.8740.04
it 7.8240.15 7.4%0.08
2 2,5-=F Jkekvih 2,5-Dimethylfuran C625865 CeHgO 177.504 0.6040.13 0.5340.03
" 2-1E R AR 2-pentyl furan C3777693 CgH140 560.843 0.2640.01 0.5340.01
%] X v 1-(2-Furanyl)-ethanone C1192627 CeHsO, 392.54 0.27+0.02 0.48+0.03
&t 1.1340.05 1.5440.02
- 1,4- =853 1,4-dioxane C123911 C4Hg0, 185.52 0.7640.10 0.5240.04
2,4-= % 3 -13-=
% EAR 2,4-dimethyl-1,3-Dioxolane C3390123 CsH100, 180.527 0.4040.03 0.4440.05
it 1.1620.06 0.960.04
4-F L -5-TH R
" 4-Methyl-5-vinylthiazole C1759280 CeH/NS 629.453 0.1140.00 0.1340.01
2,4,6- = F 3oz 2,4,6-trimethyl-Pyridine C108758 CgHyN 542.006 0.5840.05 1.0640.03
2,3- = Hotkva 2,3-Dimethyl pyrazine C5910894 CgHgN, 412731 0.7740.08 0.6540.02
) C4H1oFO,
£ S Sarin C107448 286.325  0.7110.06 1.2040.01
fe A/ Pyridine C110861 CsHsN 217.324 2.6040.35 2.7840.05
M R 3-Butenenitrile C109751 C4HsN 144.522 6.9140.85 6.5240.09
N,N-=F 3L F Btiz Dimethylformamide C68122 C3H;NO 241.402 1.3740.09 1.9840.03
N-T2AH R F R T ) _
. N-nitrosomethylethylamine C10595956  C3HgN,O 284.07 0.3940.10 0.3640.04
il 13.4440.36 14.6840.06
3
K ARE SR B N2 eh, 73 B AR AR 526 R s I Eonk 1 141 2 vt SRR IR R S . 45 R B

RGN T R EMIEAFS &, WRNREE . RAERER T @S, HAmEE 0%-~15%H,
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