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Effects of Different Roasting Degrees on Saccharification Properties and Volatile Compounds of Malt
YANG Yuanyuan, CHEN Tao, WEI Chaokun *

(College of Food Science and Engineering , Ningxia University, Yinchuan 750000, Ningxia , China)
Abstract: To investigate the patterns of malt saccharification performance and volatile compounds before and
after kilning, this study measured indicators such as the saccharification power of malt at different kilning lev-
els. Concurrently, headspace gas chromatography-ion mobility spectrometry (HS-GC-IMS) was employed to de-
termine the volatile compounds in malt kilned at 170, 190,and 210 ‘C. Results indicated that malt saccharifica-
tion power decreased from 67.14 U/g to 15.60 U/g with increasing roasting temperature. a-amylase and 8-amy-
lase activities declined from 2.99 U/g and 3.46 U/g to 0.90 U/g and 0.69 U/g, respectively. Volatile compound
analysis identified 55 compounds: 11 alcohols, 13 esters, 6 acids, 9 ketones, 7 aldehydes, 4 pyrazines, 1 phe-
nol, 2 furans, 1 pyrrole,and 1 other compound. Metabolites showing significant differences were screened using
variable importance in projection (VIP) values>1 and threshold size, ultimately identifying 32 key volatile
compounds including 2, 3-butanediol, nonanal , phenylacetaldehyde, and 2-nonanone. At a roasting tempera-
ture of 190 °C, malt exhibited the greatest diversity and highest content of volatile compounds.

Key words: malt ; roasting degree ; saccharification ; volatile compounds
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Table 1 Physicochemical indexes of malt with different roasting degrees

REEIC pH & wEAkT1/(Urg) AL ] /min 2R % BFHEE R/ (g/L) B IR G R/ (mg/l)  FEAREE/%
130 5.27£0.16¢ 67.14+1.21° 13.0+0.4¢ 60.66+0.05* 33.44+0.74¢ 89.20+0.71" 17.72+0.09¢
150 5.74+0.29" 48.86+1.53¢ 18.0+0.5¢ 52.03+0.06" 48.66+0.29¢ 64.41+0.93¢ 17.21£0.11¢
170 6.18+0.122 38.19+1.00¢ 24.0+0.2¢ 37.55+0.03¢ 54.54+0.36¢ 63.41+1.07¢ 16.51+0.32¢
190 5.70+0.22" 37.36+1.161 28.0+0.6° 31.78+0.06 56.25+0.26° 48.03+0.94¢ 21.00+0.15°
210 5.28+0.18" 32.02+1.00° 36.0+0.2" 28.79+0.02% 63.06+0.51" 38.45+0.834 17.99+0.14"
230 4.47+0.26¢ 15.60+0.58' 41.0+0.3¢ 21.81+0.03¢ 102.71+0.88* 9.37+1.04¢ 18.22+0.07"

Xt BB 21 4.70+0.20¢ 70.19+1.23¢ 10.0+0.1¢ 66.41+0.01* 28.02+0.621 96.03+1.032 12.71+0.18¢

T RS R NE SR 3R 22 53 .35 (P<0.05)

HHER 1 AT, 22 2R 5 08 i A SE R i N 3 3L
Lo RN R & A T AR Ak, S50 BRZUM E , B e L
Thi R I5 J5 2 20 o- B A o & M T iR R
B2 PR G SR R 230 CHY, a- B LA & i
P2 9.37 mg/L, AR K . 22 2FMliAb ) 2 e i 27 2F
H B-VE Hoy il 5 D), B-E A AN T v il DRI Ohb B 4 T
BETEE AL B BRI, HAb iR JERE R LT
Mk, pH AHFERHE 5 IF R R AE BRI 281k
2.2 AN[RVRERE R 22 ZFAH OGS ) iy 284k

AN [ 5 90 AR 5 A2 25 Bl )78 Ab WL 2,

I8 2RI, Bl 6 8 R R B T 22 2 Y BNl
T a-TEM BRI B-VE M WG J1 80 T T R . TR
fitg 1% TR 2 o IR T B 230 CCH S O R )
AR, - TE B B FN B-VE B3 i 1% 743 51 0.90 Ulg il
0.69 Ulg, JL-F & & A 1o B 130 °C Tt 2
230 °C, 2K IS J1 N B R, 7E 4% 08 1 78 v 2 1 Bl S

K2 FRGEEEZFHERIZN

Table 2 Changes in maltase activity at different roasting levels

degrees
Ulg

BESC BT o-JERIG ) B-IEMEET ) RS

130 6.46x0.12¢  2.99+0.03" 3.46+0.16*  329.87+0.55"

150  5.47+0.08>  2.67+0.02" 2.80+0.08"  304.83+0.33"

170 4.26+0.09"  2.13x0.04" 2.13£0.05"  293.22+0.36"

190 3.48+0.03¢ 1.64+0.04¢ 1.84+0.05¢  239.13+0.28¢

210 2.21+0.03¢ 1.07+0.02¢ 1.13+0.04¢  201.85+0.59¢

230 1.59+0.10¢  0.90+0.02¢ 0.69+0.107  134.89+0.43"
XTHEZH  7.49+0.03°  3.44+0.05° 4.05+0.05*  513.10+0.66*

T P RN PR 30K 28 5 .35 (P<0.05)

IR IR, KR 45 A5 B U IR Y 26% ,
10X 25 PR D % 4 S R i T A R i R TR L
A Xt PG A
2.3 AR R A SR A e B

Wik 22 R R VAL WAL I3 3,

R3I REEFELEUAUEL

Table 3 Changes in volatile compounds of roasted malt

N P
75 e S A FE/Da R - R mt%i% R - AR
170 °C 190 °C 210 °C

1 4% e C;H0 108.1 1076.4 291.02+17.36" 467.23+19.15° 291.65+21.84" A

2 22 CgH,50 130.2 1050.4 116.79+18.76° 173.25+10.26" 376.38+20.56

3 Py CoHig0 1543 1095.6 1 630.68+94.29° 1 075.17+85.83¢ 1231.87+88.40" fueilS

4 3-1k I F g CsHg0, 98.1 966.7 193.76+20.52¢ 105.89+24.38¢ 131.54+6.57"

5 1-8G CsH,,0 88.1 758.7 7 882.80+180.80° 7 340.98+170.28"  5962.40+75.47° iUk AR

6 2-F L Py et C,H,00 74.1 5942  5763.01+281.03>  7252.01x178.14* 5 402.74+238.29¢ ML LS

7 1,3-T C4H 60, 90.1 827.6 208.82+32.56 125.85+11.94¢ 152.66221.57

8 2,3-T C,H,,0, 90.1 814.7 132.21+3.86 206.03+14.99 112.92+13.71"

9 (7)-3-C 1 CeH,,0 100.2 824.2 335.22+42.99¢ 342.82+17.22 174.17+19.61"

10 4 2 CeHO4 126.1 1097 148.07+9.43" 140.06£11.07" 157.81+16.76 FERHIR

11 (E)-3-C\ 411 CH,,0 100.2 874.1 132.36+27.012 107.41£6.79" 129.47+2.88¢

12 TR T iR CH,0, 1442 1016.8 13 261.40+175.80¢ 10 475.64+142.12> 7 743.19+243.50° SRR
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Continue table 3 Changes in volatile compounds of roasted malt
5 ek, BT S TRDa (A i : FCHL
170 °C 190 °C 210 °C
13 TR CeH,0, 1162 996.6  1374.02+139.67°  1310.67+87.71>  1135.81£107.52° AR
14 LIRC R CgHi0, 1442 1003.1 762.04+20.19" 910.49+85.25 531.92+151.78° PSS
15 1-LHECRHE LT CHK0, 1642 1184 63.25+8.25¢ 102.37+15.36" 155.34£12.59
16 2 TR T TR CoH,,0, 1502 1137.7 174.39+26.20 150.32+14.17" 200.11+15.98¢ e A
17 P G P i CsHgO,  100.1 940.6 632.22+106.87" 737.92+189.75 457.10£69.94
18 E R 2R C;H,0, 1302 879.9 2969.87+76.03" 3 117.48+130.76* 2 408.13+120.67° TR
19 28R iR CeHO,  126.1 984.8 372.52+23.52¢ 326.28+46.69 208.09+65.74¢ JEE T A
20 TR T TR CgHis0, 1442 940.8 299.82+4.96 282.41+4.00° 190.91+1.00¢ SRR
21 R T T CsH, 00,  102.1 693.3 1 190.59+40.00¢ 1116.38+32.67 901.06+59.50 Ak
22 FH R 57 I3 T CH,0, 1162 813.7 1 190.59+40.00 1 116.38+32.67" 887.73+38.50° ESLS
23 2-F 3 TR T Mg CoH,0, 1582 1036.8 197.70+21.17¢ 181.90+7.68¢ 71.44+14.27 RAE
24 2,6-"HIELS-BHUME  CH,0 1402 10726 125.39+20.16° 356.74+20.50 419.67£26.31°
25 -2 CH,0 1262 996.7 153.56+22.78" 83.61+30.46° 106.85+9.41" IEHULES
26 K CsHO0 1202 1008.4 576.82+20.36¢ 826.38+34.28" 940.36+31.08" PSiNUS
27 % C,HgO 106.1 984 94.21+27.35 120.59+9.30% 130.96+13.17 AR
28 (E)-2-C s CeHO  98.1 903.7 2 373.07+22.46" 1203.53+57.80" 1 106.98+230.92¢ AR
29 T CH, 0 1422 1031.6 113.97+9.63¢ 92.21+11.60 54.42+3.97 AR
30 (E,E)-2,4-BiMmmE C,H,0  110.2 1038.8 103.39+9.43" 229.10+16.22¢ 97.07+12.09 IR
31 R CHO,  122.1 11212 247.75+28.87 322.65+24.95 265.77+14.50" AR
32 i CgHi0, 1442 1116 1554.82+88.25¢ 496.87+116.68¢ 671.55+192.82"
33 a7 CsH,0, 1021 897.4 2 373.07+22.46° 1203.53+57.80> 1 106.98+230.92"
34 3-HIE TR CsH,0,  102.13 930.8 64.57+4.90° 54.36%5.16" 42.98+4.40¢
35 L% C,H,0, 60.1 655.2 556.32+11.35¢ 685.32+20.16" 712.46£20.17¢ P CERaI
36 LIk 2R T CioHgO;  130.14 817.7 352.69+10.42 209.59+4.75" 182.50+14.69"
37 2-H N R C,H0,  88.1 843.5 558.68+35.14 728.64+22.49 609.18+5.19"
38 3-HIE2-BAE-1-0 CoHy0 96.1 992.3 172.38+10.28¢ 228.39+2 139" 378.69+25.31¢ o i A
39 1305 -3-Tid CsH 0 84.1 694.3 148.07+9.03" 140.06+11.07" 154.47£11.19
40 2-Z4 CioHyO  156.3 1149.8 396.70+55.53" 373.12+33.88" 590.82+30.21° Pk
41 A CgHO 1202 1050.8 148.77+15.00" 191.03£5.00" 207.94+4.00° G0N
42 2- IR - 1-fil] CgH 0 96.1 912.4 71.66+8.72> 73.69+5.60 93.84+8.79
43 3- % Fi CsH, 0 86.1 722.6 44.67+7.87 20.53+3.66 24.97+2.90"
44 2-T-fifl CoHi 0 1422 10922 40.60+10.38¢ 38.10=1.40° 19.51+8.11° AR
45 22 i CH, O 1282 1044 99.20£15.98¢ 142.24+14.08" 190.09+60.07° WA
46 1-3F 465 -3 -1 CHL,0 1262 964.1 529.23+25.30¢ 811.08+159.38¢ 648.73+58.68" BEREIAR
47 A C,H0,  124.1 1100.4 312.03+55.17° 318.48+92.29 276.60+101.10"
48 2,5- 1 CeHgN,  94.1 877.4 163.95+14.67¢ 338.96+20.17" 410.38+19.63 TEA R
49 2-Z, I SEni v CeHgN,O  122.1 1032.1 226.68+18.61° 220.82+25.83 163.55+15.28"
50 2,3-FEE-S-ZHEME CgH LN, 1362 1071.7 82.40+6.17¢ 111.61+3.23" 121.30+13.32¢
51 2. Jk i CsHgN, 94.1 858.4 6738.36+285.36" 5 406.29+28.95" 4330.39+66.67°  HEIGIL IR
52 2- IR HE Ik CH,0 1382 998.3 557.20+90.58" 477.24+32.93" 545.12+41.30" SRR IR
53 5-FIL2-ZmEEknkR CoH0, 124.1 1077.1 131.63+8.41¢ 218.92+13.97¢ 203.66+31.81" i3S
54 2-ZEEHE-1-HUEMEE  CH,NO  109.1 1076.9 664.59+25.00° 1213.19+96.82¢  986.80+182.93 TR
55 A Rl CoH 136.2 953.8 31.86%1.54 34.81%7.57 31.0120.45 RS

M 2 AT, 3 A FE A PR L s e i S5 Rk A
Y, 6045 11 RS 0 RS 13 FhE2E |7 FhEESS |
6 FHARZE 1 FhE2E 4 FPikmk 2 Aok 1 Fhif g 25 A

IJ_ILIE] 10

1 FhHAE S
AN TR) i e Tt B2 22 25 % kAR 5 W0 1O A S IR 3
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Fig.1 Fingerprinting of volatile compounds in malts with different degrees of roasting
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