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Analysis of Flavor Components of Different Mulberry Cultivars
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Abstract: The physicochemical characteristics and flavor components of different mulberry varieties were investigated. The moisture, ash
content, total acid, soluble solids, pH and the contents of C, H and N were determined. Organic acids in different mulberry varieties were
analyzed by HPLC. \olatile aroma constituents were detected by SPME and GC-MS. The results indicated that the physicochemical
characteristics of different mulberry varieties were significantly different. The contents of moisture, ash, total acid, soluble solids and pH were
66.65%~84.83%, 0.63%~1.21%, 0.037%~0.062%, 8.7~18.2 °Brix and 4.31~6.06, respectively. The constituents and contents of organic acids
with different mulberry varieties were different obviously. The content of tartaric acid was highest with white mulberry, purple mulberry, black
pearl, Dashi and mulberry 283. While tartaric acid wasn't detected and the content of citric acid was highest in mulberry 32109. Ninety-nine
volatile aroma components containing alcohols, esters, aldehydes, ketones, alkenes, acids and alkanes were identified from six mulberry
cultivars. According to the above analyses, Dashi was suitable for processing for its high acidity and high moisture content. White mulberry was
sweet and had high ratio of total soluble solids, black pearl and mulberry 283 had rich aroma constituents, moderate sour and sweet taste, which
were suitable for fresh-eating. Mulberry 32109 had low ratio of total soluble solids, moderate acidity and enough aroma, and was more suitable
for further processing. Purple mulberry could be used for making wine, for its high ratio of total soluble solids and proper acidity.
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Table 1 Physicochemical compositions of mulberry cultivars

FAHEAR SE 3 ErtE 2% X+ 283 &3 32109 £33
KB % 66.65+2.72%  74.41#0.63°  84.83+0.08°  83.39+0.11"  84.69+0.05*  82.07+0.10°
R EY% 1.21+0.03 1.12+0.02° 0.88+0.01° 0.630.02¢ 1.0740.02° 0.94+0.02°

pH 14 5.3620.02° 4.93+0.03° 6.060.04° 4.3120.02° 6.03+0.04° 5.23+0.03
BERI%(VAHCI 1) 0.047#0.001°  0.051+0.001°  0.037+0.001" ~ 0.062+0.001°  0.043+0.001°  0.050+0.001°
ST Bl 45/°Brix 18.2+0.20° 16.2+0.10° 11.30.10¢ 12.7+0.20° 10.2+0.10° 8.7+0.00"
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Fig.1 Comparison of C/N and C/H between mulberry cultivars
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mglg, 5 2.78%. FIRE. HEFREM 32109 FE A B 5 (1.02%~25.79%) . U SER 283 SHESH I
LR, 283 FE. K HHAIEL LI & BN, g, HZERHE., FERPEHIRE B S RIZER:
SNEAPRRSER 12.40%. 29.35%. 29.37%, H. AT BERIE TS AR = H ) 22 5
At ) 22 57 535 (p<0.05) . LR & BRI, 2553

®2 REDENBREE (/o)

Table 2 The contents of organic acids of mulberry cultivars

A IUER aRE EEE 2% X+ 283 £33 32109 &3
2173 0.38+0.01% 0.2240.006°  0.19+0.005*  0.07+0.002" 0.14+0.004° 0.36+0.01%
B G ER 1.31+0.05% 1.19+0.05° 0.69+0.03° 0.93+0.04¢ 1.03+0.04° -
7 BRI 0.08+0.00° 0.05+0.00° 0.02+0.00° 0.03+0.00™ 0.04+0.00™ 0.02+0.00°
o-BA S, ZBR 0.02+0.00° 0.01+0.00° 0.02+0.00° 0.01+0.00° 0.01+0.00° 0.050.00°
FRE 0.31+0.008" 0.11+0.003°  0.10£0.003%  0.07+0.002° 0.15+0.004° 0.09+0.002%
SLER - - 0.5420.01° 0.7420.02° 0.3240.01° -
TR 0.20+0.001° 0.02+0.00° 0.274#0.002°  0.65+0.004° 0.25+0.002° 0.05+0.00°
FrARER 0.32+0.003° 0.36+0.004° 0.01+0.00° 0.02+0.00° 0.64+0.006" 1.52+0.02°
E LR - 0.09+0.00° - 0.09+0.00° 0.09+0.00% -
IR - 0.34+0.002° - - 0.64+0.004% -
E: URTAKRH; R—ITRIEE®RRFEET £ 4R % (p<0.05).
20,000,000
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T2 5% . 2 (p<0.05) HLE s BRI %, (E A BHRR(IG. 10 2 in 3° *

20,000,000 20,000,000
BES™ K+

TIC

TIC

L U W

min min
20,000,000 3,000,000

0 2835%F

TIC
TIC

min min

235



MR BRI

Modern Food Science and Technology

2020, Vol.36, No.2

10,000,000
321095

TIC

W

1 1 L ]

10 20 30 40
min
2 T EIRMREEL MBS GC-NS BETRE

Fig.2 GC-MS total ion chromatogram of the volatile aroma

components of mulberry cultivars
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TREZRYIT 4.44%; SRSEER 2-0mE . JTRERTE. R
Il R OB SR L, RRE SRR
Fi/b(13 Fh), AHEE (101943 ng/g), TS ERA
KEPrammfig®, HEEEUK, 70797y 159.30

ng/g A1 184.20 ng/g. BEKLAAIR LHE. LWRRIHEE.
TR R BRI DRIR MG IR 2SR A AR TR | 253 2
FEFEE N, HEE2EH) 89.41~98.71%, HZ R HE
SR, 5 TEEZEM 70.48~90.98%, H. A FhE] % 5
B AN R T N ERAN - AR, Fhia) 2z
533 (p<0.05), P 7K S RGN B AH R RS BRAE
BEMEAL FIMUTTR, AR IbRE P, 5
BT R CBE S EAHN RS, 4 52.39 nglg, SEEZERY
2.80 nglg, HEMFIIRAIH . B B MEERERT
WA O, T R CRE N E Y
s P ] 22 57 2.3 (p<0.05); Ffie UL SRE S i
ZEFEIIE 2-BRMlE . R, HEPEAIE . 28, K
Mg, FISRE, EREM 3109 FESH —EENC
FR(43 A RZEIY) 92.68%. 64.05%. 92.89%) A1 3-H %
TR, M BIBERA 283 RES A /D& AR LIRS
1) 9.54%7F1 28.42%) T 1R, A&H 3-HE TR, K
ARG X LR R VR BRI &, P2
SRR, TR GHERYER AR G B, REE
BB ZES AT, e ez R R
(p<0.05). HERUbtEMARIEL  (HERE., BBk
F132109 S EH 2- 24 FEMRIR 00 5 T BRI )
33.28%-+30.77%71 36.23%, 555 F 2,4,5-— FHE-1,3-
ARG T IR 53.39%, BBk 25-
AP 5 T SRR 33.15%, ekt
BMEZ, HERK.

MUk, BRERSEHEANS S ERE, N
1906.92 ng/g, 283 sxFHIK, A 1856.50 ng/g, 32109
SEWR S, 1736.39ng/g, AREMBEBIRERIL, AN
682.05 nglg A1 489.82 ng/g, K+ 1K, 296.75 ng/g,
T EATIAT & B S P A A 60, 46+ 57, 57,
65 F 68, FEA SRS R T 1 HAEF
AT, e T ZE R HN T S 0 S
) 1A 5

*3 TRIMMBEEMELMERTSES (ne/e)

Table 3 Volatile aroma components of mulberry cultivars

R MR RS RI aRE ERE 2Htk X+ 283 £ & 32109 &3
B £(20 #)
B 737  171.03+3.25° 848.38+5.63* 121.55+2.36° 123.24+2.56° 770.18+8.51° 592.65+8.65°
FTEE 831 - - - 1.31+0.06° 9.58+0.23*
FeXEE 932 24.44+0.12°  66.36+3.31°  13.6240.60° 29.17+1.24° 138.29+3.45% 122.72+2.13°
2-KF 1057  2.54+0.11°  9.11#0.05° 1474003  0.33+0.01° 8.67+0.14°
23-T =B 1060 45.22+2.26 - -
eE 1066  27.24+1.01°  8.28+0.12"  11.30+0.28°  23.64+0.57°  9.83+0.24°  82.89+2.07°
49 5-KEE 1113 - - 0.53+0.01 - -
BTR
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BEW
)33 1169  1.12+0.02° - 0874002  0.38#0.01°  1.00£0.02°  1.80+0.04%
6-F H-5- & Hi-2-B% 1188  0.28+0.01° - 2.66+0.06°  0.70+0.02° - -
2-7 KA 1232 0.96+0.02°  3.28+0.08°  0.89+0.02°  050+0.01°  1.76+0.04°  3.21+0.08°
¥z 1286 - - 0.20+£0.01  059+0.02°  040+0.01°  1.72+0.04°
F A5z 1303 0264001  57740.14°  1.0240.02°  0.15#0.01°  0.39+0.01°  1.10+0.03°
2-F-7% 1305 - - - - 0.47+0.01 -
R PEE 1314 - 423+011*°  0.49+0.01°  0.14+0.01° - -
3t B2 1342 - - 0.20+0.01 - - -
Ao 1364 - 3.13+0.07° - 0.26+0.01° - -
RUBE 1376 1.2240.03°  891+0.22°  1.30+0.03  0.87+0.02"  576+0.14° = 571+0.14°
e 1383 - 153+0.04° 0474001  021+0.01°  053+0.01°  0.77+0.02°
=tz 1674  0.66£0.02°  3.874#0.09°  053+0.02"  076+0.02°  097+0.02°  1.40+0.03
(1IR,2R,3S,5R)-(-)- d a e f c b
. 1675  3.34+0.08"  11.36£0.28°  2.20%0.05 1.95+0.05 4.2620.11 6.96+0.17
23-F I B
B % (25 #F)
LB TBS 794 3725149319 482.99+8.65° 250.55+6.23° 65.17+1.25" 814.61+9.65° 734.28+9.78°
CE ST B 922 05040.01° - 1.97+0.04° S . -
TERCHE 945 - 52.39+1.30°  2.80+0.07° - - -
SLBR TBS 1005 - - 0.20+0.01° - - 0.14+0.01°
A CBR UBg 1015 2.47+0.06" - 6.1240.15°  3.71+0.09°  2.72+0.06°  1.51+0.03°
LB SR B 1027  3.30£0.08°  11.03+0.27°  16.33x0.40°  2.13+0.05'  2953+0.72*  5.12+0.12
7B 1 B 1115 - - - - 0.33+0.01°  0.70+0.02°
ST AAABRCE 1161  0.3120.01° - 0.22+0.01°  0.21+0.01° - -
T A B4 1220 0.92+0.02%  246+0.06°  0.76+0.02°  052+0.01"  118+0.03°  2.58+0.06°
7 B % B 1239 0.31+0.02° - - 0.12+0.01° - 0.98+0.02°
LB FF B 1323 0.79+0.02° : 0374001  023+0.01°  0.98+0.02°  1.89+0.04°
T B =B 1408 - - - - - 0.79+0.02
B O A 1466 1.82+0.04°  3.67+0.09°  1.98+0.05°  1.00£0.02°  194#0.05°  4.59+0.12°
BB T3 B R 1545  9.84+024"  39.11+0.96°  6.16+0.15°  6.15+0.15°  13.11+0.32°  20.86+0.52°
L aTE S S 1561  6.24+0.15%  26.83+0.67°  4.03+0.10°  4.28+0.11°  827+0.20°  12.92+0.32°
A9+ AR CE; 1574 01740.01%  1.33+0.03°  0.23+0.01°  0.24+0.01° - 0.38+0.01°
y-F MBS 1695  0.34+0.01°  3.4440.08*  0.68+0.02°  0.25+0.01"  040+0.01°  0.94+0.02°
J ALBR CBg 1769 - 0.53+0.02° - - 0.41+0.01° -
LB T ARCATE 1801 11.39+0.28°  48.85+1.22°  859+0.22°  7.43+0.18"  18.30+0.45°  24.64+0.61°
THEFCETLACHE 1817  101+0.02°  4.17+0.10°  1.06+0.02°  0.64+0.02°  048+0.01°  2.24+0.06°
BB T BY 1964 - - - - 0.37+0.01 -
THREBACTET L REE 2086 - - - - 1.07+0.03 -
FHRATHT A FA 2125 - 1.37+0.03°  0.33#0.01°  0.20£0.01°  0.50+0.01° -
+A\BR T BS 2178  0.18+0.01°  2.20+0.05°  0.28+0.01°  0.18+0.01°  1.16+0.03°  0.64+0.01°
AR _WEL—FTH: 2180 - 0.54+0.01 - - - -
BE, BR. HRAR(23 #F)
.73 966  12.37+0.31°  13.89+0.34° - 1.84+0.04°  12.80+0.34°  26.72+0.66°
1,3,5,7-3RF 9 i 1036  0.430.01 - - - - -
BTR
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BEER
2-C S 1047 1.89+0.04° - 0.46+0.01°  0.3520.01° - 3.66+0.09°
577 4 AR 1132 - - 0.18+0.01 - - -
1- AT K -1-TER 1142 0524001  1.49+0.04°  0.65+0.01°  0.40+0.01° - 1.63+0.04°
2- B Mt 1153 - 6.66+0.16°  1.3240.03° - 1.15+0.03° -
R PEE 1165  2.35+0.06°  10.76+0.26°  0.78+0.02%  0.15+0.01°  0.79+0.02%  4.64+0.12°
L& Y310 1173 1.05+0.03"  4.83+0.12°  0.61+0.01°  1.13+0.03%  1.15+0.03°  2.11+0.05°
FH TR M 1207 0.31+0.01° - - 0.13+0.01° - 0.54+0.01%
B X-2-F Wit 1274 - 1.604£0.04°  0.3240.01° - 0274001  1.17+0.03°
2 KRR 1297 1.00£0.03°  433+0.15° 1124003  07740.02" = 1560.04°  2.36+0.06
IR -6 5 1307 - - - - b 0.24+0.01
P AEEE 1395  0.16+0.01°  1.0740.03%  0.19+0.01%  0.25+0.01° - 0.48+0.01°
K 1395  1.03+0.02°  7.104¢0.18*  1.19+0.03°  1.25+0.03"  1.79+0.05°  2.15+0.05
—+ =t 1448 0.27+0.01° - 0.40+0.01°  0.21+0.01° 4 -
24-ZF A-24-F MBS 1487 07240019  2774006°  051+0.01°  048+0.01"  099+0.03°  1.52+0.03°
NiT-5,5- = F H-2-T 4 1495 - 0.8120.02° - 0.20+0.01° . -
Kot 1532 0.14+0.01*  3.20+0.08° - 0.51+0.02° : -
oA AN 1537 . 1.5040.04° - 0.260.01° . -
3 L i’_“f;: & 1544  0.35+0.01°  1.24#003*  0.26+0.01  022+#001°  0.37x0.01°  0.75%0.02°
4T H-2-(1-F A . b
PR 1561  0.17+0.01 - . 0.14+0.01 - -
2,6- =R T A KL 1686 052001  221#0.05°  048+0.01°  051+0.02%  0.7620.02°  1.13+0.03"
2-F A —mk 2036 - - - - - 0.67+0.02
B £ (5 )
ILIABRET 866  0.26£0.01%  1.20+0.03%  054+0.02°  0.11+0.00°  0.74+0.02° -
TR 1052 - / 1.83+0.04° - 1.3520.04° -
3-FHETE 1107~ 0.27#0.01°  0.90+0.02° - - - 0.77+0.02°
2-F AT 1111 - 1.70£0.04° - - - 0.6320.01°
T 1267  6.71#0.16°  6.77+¢0.16°  0.25+0.01° - 0.83£0.02°  18.28+0.40°
2€ (26 #%)
1-THA-2- P A3rmle 845 - - 0.2240.01 - - -
245-=FA-13-—FKF 865 - 70.77+1.23*  1.19+0.03° - - -
25- 2L AL AR 951 - - 5.56+0.14 - - -
24-— W AT 979 - - 0.47+0.01 - - -
233-ZF A ¥k 1079 0.81+0.02° - 0.68+0.01°  0.45+0.01° - 1.36+0.03
37-=F ALK 1183 053001  1.69+#0.04°  0.72+0.02°  0.23+0.01° - 0.77+0.02°
5-F & +—k 1190  0.15+0.01 - - - - -
1R TH-4-F AT 1293 0224001  152+40.04°  03440.01°  0.22+0.01° - 1.09+0.03°
+=x% 1300 0730028  27440.06°  054+0.02° 0450017  1.00£0.02°  1.86+0.05"
2-Uhi Aok 1335 2.11+0.05° - 516+0.17°  0.15+0.01° - 4.55+0.12°
46-=F E+ 1368 - - - 0.14+0.01 - -
5-T A £k 1372 0.27+0.01° - 043+0.01°  0.14+0.01° - 0.71+0.02°
26,11-=F A+t 1418 - - 0.19+0.01*°  0.11+0.01° - -
TR
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ELEW
2-F A+ =k 1463 - 1.36+0.03° - 0.27+0.01° - -
3-F At 1469 - 1.4040.03* - 0.2240.01° - -
2610-=F&+=k 1473 - 5.31+0.13° - 0.84+0.02° - -
X 1500  052+0.01° 12324031  057+0.01°  232+0.06°  057:0.01°  0.75:0.02°
s 1522 0.14+0.01°  0.600.01° - - - -
2,610-=F A+ =) 1566 - 7.8240.16 - 1.22+0.03° - -
7-F At AR 1569 - 2.57+0.06" - 0.41+0.01° - -
5-7 A+ Akt 1576 - 1.49+0.04° - 0.30£0.01° - -
1% A -2-A AR 1583 - 1.95+0.05 - - - -
EtSok 1600  0.63+0.02° 14.38+0.35*  0.52+0.01° 2.48+0.06" 0.88+0.02 1.14+0.03°
TAB 1610 - 1.55+0.04 - - - -
HitZ 1667 - 2.57+0.06° - 0.5920.01" - -
2,610-=F A+ Ak 1700  0.23+0.01° 2.51+0.06 0.18+0.01° 0.64+0.01° 0.30+0.01° 0.33+0.01°
Er ORTARd R—AREE SRR FEE T £ 78 (p<0.05).
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