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Effect of Soaking and Germination on the Quality of Sesame Seeds and Sesame Butter
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Abstract: The effects of soaking and germination under constant temperature and humidity conditions on the proximate
composition, functional ingredients, mineral contents and fatty acid compositions of sesame seeds and sesame butter were
studied. The results revealed that the contents of crude fat and crude protein gradually decreased at 2 and 5 h of soaking;
ash content also decreased, while the content of crude fiber increased (P < 0.05), and the content of total sugar increased
first and then decreased. The contents of crude fat, total sugar and crude fiber in sesame butter showed the same trend as did
those in sesame seeds with increasing germination time. The content of crude protein decreased first and then increased. The
content of oxalic acid in germinated sesame butter decreased, while the acid values fluctuated and sterol content gradually
increased with extended germination time. VE content was higher in sesame butter with germination than that in the control
group without germination and the highest value of 49.96 mg/100 g was obtained by 20 min soaking and 14 h germination,
which was 49.36% higher than the control. The 24 h germination of sesame seeds significantly increased the contents of
sesamol and calcium but decreased potassium content in sesame butter compared with the control. Principal component
analysis demonstrated that the contents of crude fat and VE were important parameters for measuring sesame butter quality.
Arachidonic acid was not detected in germinated sesame butter. In conclusion, germination may be a new approach to
prepare low fat, high VE sesame butter.
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Table1 Effect of soaking and germination time on proximate
composition of sesame seeds
i WHRE MEGRE MEARE SHRE  KARE  KORE FLRE
B WA e e e e e Rt
0 49.63+042° 19044023 1L01£0.10° 4842005 44720.12° 3.070.11°
45234020° 1604049 13.6910.07 5.15£010° 4524006 3.38:+£0.04"

20 min N
: 14 44854020° 19.104047" 1220£0.05" 480+0.06° 449+0.11° 39340.12°
24 4301007 213340450 9224012 48040098 4514007 351+018
0 488620.09" 18091037 9.74+0.08" 4574004 4524008 34340.03°
W 4 450140127 18794028" 13244008 4154007 4534007 345+0.12°
14 440710415 20114027 10944008 5154009 44240.12° 3.5340.13°
24 44234005 17962059 889+0.17 4640.04° 4512009 347020
0 47244005 18.821037" 10.8940.10° 4.86+0.06 4474+0.08 3.1540.03"
i 4 45841004 19425041 14.4910.12° 5004008 446£0.12° 3.170.06°
14 456720.10" 19551036 9.96+0.07 5214007 4451007 3430.11°
24 43984009 19681027 5514007 5154006 4424007 32040.11°
T 49.5740.07° 19.18£0.26 10.51£0.10" 4.88+0.15% 4.46+0.10° 2.8140.09°
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Table2 Effect of germination on the contents of major components,
oxalic acid mass fraction and acid value in sesame butter
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B OMER e e e Al e Al A (mg)
0 SSI6E0UC 199207 1L612010° 453004% 2722015 0642006" L1IE020° 0412006
SSOIE0IT 19712009% 14402008 4483011 2762014 072007 100£0.18% 101+008™

4 SATR0IE 195620.18% I4BE01 459E008% 338009 079+0.10% 079027 082£006°

MU SADF0I 1989018 12855008 4142007 2832015 0851006" 0821003 120£005°
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Table3  Contents of functional components in germinated sesame butter
o W VERE  SEEE ZRMOE ZRRGR ZRHE
WA AL (mgl00g)  (mgl00g) (Hgg) (Mgfg) &/ (hglg)
0 456065 70764060  217.66+091 24363910.61 1355.06%1.02
Wi 45704035 99134055 194724076 1881.7140.74 1018.62+0.85
e 14 49964023 160754047 152192020 2166194030 1261454082
U 3357048 195524036 275.06+043 2166.614058 1647214082
0 MS5TH014 75544081 225724078 1418644053 806.74+0.82
o 4 39264025 153714058 195.55+0.67 2555.1310.24 1477.16+0.85
14 40052041 141202088 213.80£081 2750.91£0.33 161585%0.70
U 3756066 21889070 357.004047 235646044 1620571041
0 40724010 152984030 21638069 146227£0.59 116195068
5 4 39742059 153511041 157954054 2232234043 124165£0.60
14 39324054 224694076 2522341046 2428.06£0.96 1473.70+040
24 34091006 270.801065 343.931021 1875774045 171681+0.51
R 33454010 116542052 223.26+0.05 2376614073 1633.62+1.20
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Table4 Mineral contents in germinated sesame butter

mg/100 g
B E AEEEL ChE KEE MghE NfE Fed® Znd® CQuiE MniE
0 7437 73907 39190 1259 713 405 163 14l
Wi 78993 71835 37545 1003 749 393 155 140
e 14 10337 61195 3498 793 621 310 160 108
% 133421 50201 33133 1077 899 402 196 146
0 74608 62174 39250 1346 670 39 163 139
o 4 78097 59016 27630 996 840 4l 165 138
14 90074 49632 25583 632 579 458 184 130
% 08831 42190 27978 1153 1026 297 191 144
0 53275 74393 33685 1384 924 547 191 166
5 4 84238 59778 36252 1126 678 476 165 146
14 112148 54143 36145 885 598 426 181 125
% 118173 52603 31619 920 1088 481 248 187
R 64587 75493 34588 1396 874 398 186 145

Aol 51, IR ZHKETTERZH
Wt ER NCa. K. Mg, Bf3hAL 5 2 0¥ i
Ca®dEWEHIN, ERHM20 min, #3024 hirf it 3
133421 mg/100 g, LuxTHRAIIE N 17106.58%, 1XLjHahm
SR R 8, Nk, BB ER 2 R T LA N

—MBLFRESIR . W BN AR B 2 R P KSR N, Yahya
(IHF 72 32 BANa 77 7F B T KRICafI R Ii™; Fe. Mg,
Zn, Cu, Mn¥&EIEAWEN, HEMAHE.
2.5 RIEANEG AR R 1) 32 B T s R

13 PP AN TRV ¥ AT HE 30 b B ) 2 BR 35 A5 o 1 REL g P o
EOME2 M fiEd 2, BIRMEFEERELE, HH0
[N =R 8 ) | PR s SV L R S =Y N s it - S
R SR R AR TR ) 2 N8R, 486 R IR AR
FE R o B OR 13 FAS (R RN 5 30 A 35 1 2 6 (1)
21 BABARIEAT F R A, SRR S PR

£S5 EROSFEEHRGE
Table 5 Total variance explained in principal component analysis
AR AT REA JERETIT RN

WU i e P den mues O fen muin
1 787 3749 3749 187 3149 3749 599 2854 2854
2 473 2250 59.99 473 2250 59.99 496 2362 5216
3 225 1071 70.70 225 1071 70.70 298 1418 66.34
4 172 8.19 78.89 172 819 7889 221 1053 76.87
5 119 568 8457 119 568 8457 162 770 8457
6 090 430 8886
1 0.75 358 9244
8 0.70 332 95.76
9 049 235 98.11
10 020 094  99.06
11 011 051 9956
12 009 044 100.00
13~21 000 000  100.00

HHERSAIRN, 2814 o BIRHIEME N 7.87, T Z DTk
FHN3TA49%, FE2FE S IR 4,73, T7 2 TTERE N
22.50%, 53+ 4. ST IRHEE S R82.25. 1.72,
1.19, TR WIH10.71% 8.19%. 5.68%, R[5 A
FERRA AR T AR 1184.57% .

£ 6 ERSHVIER R RS BREERE
Table 6 Rotated component matrix of principal component analysis

Eizlin BIERS PR PE3EMS B4ERS BSERS
Ko B4 —0.884 0.185 0.056 0.325 0.117
HERFE 0.842 0.119 —0.192 0235  —0296
G077 23 0.838 —0.135 —0.129 —0.370 0.010
Catr —0.828 —0.036 0.241 —0.045 0.099
KfeE 0.779 —0.128 —0.430 0.123 0.182
o B 0.757 —0.236 0.112 0250  —0.083
e —0.748 0279 0319 0.290 0316
Naf & 0.555 0.528 —0.483 —0211 0.157
ST A 0.178 —0.858 0.005 0.049 0.158
Mn & —0.062 0.811 —0.175 0.349 0232
VEG —0.005 —0.807 —0.193 —0.054 0.040
FefrE —0.171 0.781 0.036 —0.127 0516
ZIRBY G —0.559 0.753 0.137 —0.174 0.023
Cut —0.474 0.692 0212 0332 0.166
MAERENEL —0398 —0.656 0434 0.165 0.063
IREEE —0.006 —0.286 0.862 —0.119  —0.070
ZRHES & —0311 0317 0.805 0.035 0.246
Mg & 0252 —0.181 —0.774 0.000  —0.053
Inf i 0.210 0.286 —0.113 0.865  —0.007
M E> 0276 0.180 0.003 —0.762  —0.304
i —0.166 0.057 0073 0.220 0.896
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EHEROTT RN, 35136 a0 v a8 a4 50 o 1A 7K 43 o o
A HERRRESH. MIENIRE . Cafg: H2
F RS P ER R A SRR S5 VESFE. Mn
TR, B3R A ER S A ZR R SR ZRRAR
FoE, B4 SERS ISR EZnE B BRI L
ZEY], HSPSS 20.0% M E ko1 (PC1)  F 52
(PC2) [H-F195r FIERE il o FEREAE 1], 45 R,

20r a
1.5F =50 "5-24
Lor #0-0
I =2-0 - -
Lo B
g 7 B30 a5
g —05F D) - w5-14
—1.0r ) w214
—15F
—20f u1/3-14
72.5 1 1 1 1 1 1 J
—15—-10—05 00 05 10 15 20
PC1
1.0
08 =Mn -
0.6 oy
0.4 2R
5 02 U
A~ Zh 3
—0.2 uCa
—04F
—8.6 L n 2R
—0.81 A w4
—1.0 1 1 ey 1 1 1 1 1
—1.0-08—-06—04—02 00 02 04 06 08 10
PC1

1/3-0.92120 min. #9300 hs 1/3-4.92120 min. B304 hs 1/3-14.

220 min. #3514 h: 1/3-24.323f120 min. #2524 h; 2-0.32ifl

2 h. #3500 h; 2-4327E2 h. #izh4 h; 2-1432i92 hy Hi5h14 h;

2-24.32182 h, #2324 h; 5-0.2i5 h. @550 h; 5-4.9270E5 h.

Wizh4 h; 5-14.9295 hy #3014 h; 5-24.325 h. #3024 h.
H1  BAENCEZHEERRLE AN E (a) | BAE (b)
Fig. 1  Score (a) and loading (b) plots of principal component analysis

for 13 germinated sesame butters

MEla, bRTLAE H, FEF1/3-0. 1/3-4, 2-4, 5-4[1)
FERHEAR AR MG DT T B . R E R . Mg
G ROTRESE, 1/3-24. 2-2410 E BEAHEFE AT N
BEE B, 2R ER S AR DR

FHSPSS 20.08 {415 21113 Fot AN [5]32 6- 1 B B[] 1) 2
PR 6 5 ot P 2 A 45 43, TE R R A Fo = 3R AT 2R A R
Mo R 5 A R EAR OB B, X 4> 32 23 AL
A, 1538 g E T, AR KT,

B AR bR 2 Wb IK 1 2 R 1) ot B R FRAE
MERA CE AR HEF &R IRREEAHE TR
B, SR8 BN AC B 1 2 RRE RS 2R G A A T
WTREZH,  FCARE S 1/3- 1400 5 SRS FR I A, o
FEh2-24, 5-14, XTHRAREMEEA P BRAK, X —455 0]
ARV AE 77 B B R i AR — 8 S R

®T  WHHLEZREBEAHET

Table 7  Quality evaluation and ranking of germinated sesame butters

peg JRLE DR SE3E  gpAk o SR 4

B oy B e Rty oy i
1/3-0 11 7 5 4 3 10
1/3-4 8 2 3 6 11 4
1/3-14 5 1 6 5 9 1
1/3-24 3 8 8 3 13 5
2-0 9 9 1 2 9
2-4 12 6 12 8 7 12
2-14 6 5 13 9 6
2-24 2 12 10 1 6 2
5-0 10 10 2 13 10 11
5-4 7 4 4 10 8 8
5-14 4 3 9 12 4 3
5-24 1 13 7 11 5 7
Xof [ 13 11 11 7 12 13

VE: 1/3-0.29920 min. HjZh0h; 1/3-4.323120 min. Wi5h4 h; 1/3-14.3278
20 min. WiZh14 h; 1/3-24.32320 min. #3024 h; 2-0.32982 h. #5350 h;
2-43232 h, BiBh4 h; 2-14322 h, WiBh14 h; 2-24329092 he HiZh24 h;
5-0.2i15 hy Hizho h; 5-4.3295 h. #5304 h; 5-14.32305 h. #iz)14 h;
5-24 3295 h. #5124 ho

2.6 FILMIR SIS (]3] 2 bR 55 i 1 R 4L 52 i

#8  ARRWHE EZHREERRHRARE &'

Table8 Major fatty acid composition in sesame butters with different
soaking and germination times

M BRI Co i B% CoB 8% Co®E% ConBEI% CiuyEI% Cy /%

0 8.69 570 38.34 46,47 0.66 —

. 4 8.56 583 3878 46.84 - -

20 min

14 8.54 584 3872 46.91 - -

24 837 575 38.57 46.69 0.62 -

0 850 5.80 38.54 46.61 055 -

" 4 850 579 38.52 46.65 0.54 -

- 14 8.46 575 3852 46.71 0.56 -

4 8.46 579 38.56 4659 059 -

0 857 581 372 4691 — -

5 4 8.55 5.80 38.73 4697 - -

14 8.51 579 38.73 46.97 — —

24 848 574 3848 46.73 0.56 —

R 842 51 3825 4646 061 0.55

e — Rk

MFRSTAT LA, 2Rk & b 3 2 e I R
MW (Clg) MIEHE (Ch,) », ZHLETEN

84.71%~85.70%, H U NAFMIEE (Ceo)  WENEER
(Cis0) ~ WRRER (Cigy) FIFEAERR (Cho) o BEHEN
Agb TR 1] () S K, TR AR . 9ok T 7 B S S 1 S ek
e, (HEME R T X HE A, IX AT BE A BT 2 R 3 75 g
&, KRR R A KAE, W IR & &1 m, Befui
TR FE A RO ER ,  2 T 5 A0 D T JRR IR BRI STV e R 5
BN, BEE VPSS, SRR I RR PR B AL
N RARER R K, R AR K IR, DR A B
R0, B B A B2 RR AR R S R T IR AL QR
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XIS

20 min, Hi3124 hERAN) L 153 MEIEITER, B S
IAEC, ARHETR & B AN AT PR BB IR R o B3y i T
M (BRIZI20 min, #5300 hah) o SLe ik B x R 41
R R R B 0.55%, T4 2RI SR Al b
{2 R A R B AR A R A 7E

3 4 ®

ZRIZIE2, 5 hEF, FHREMT . LA GO R SR
i SRR LI (0] 2 K o 2K 53 I3 & o B9 A BT bR,
SR TR BN, RORE R A BRI B
P, BB AbEE PR ML T L RO AT 4 R
52 RS — . BRI E K, ZRE R
FELIE I o B 70 B0 SR PRI 3, 12965 hy WiZh24 hilg 2
JRR 5 ORI 7 R o B A s BB JE I 2R P VE S &
YT ELH, 76320 min. #iZ)14 hifVE S BIA R &
KAE, N49.96 mg/100 g, ELXFHALHEIN49.36% ., &R %
B, WABAEZR. ZRREE IR AR, WA A
BARTENI R EDE WVESEZRRE N — g,

EEpa N

[1] LIU CL, CHEN Y S, YANG J H, et al. Antioxidant activity of tartary
(Fagopyrum tataricum (L.) Gaertn.) and common (Fagopyrum
esculentum Moench) buckwheat sprouts[J]. Journal of Agricultural and
Food Chemistry, 2007, 56(1): 173-178. DOI:10.1021/jf072347s.

21 UL Z R LA Z RO R 2 =R ET D).
Mz TR kR, 20140 12-13.

[3] PARK S H, RYU S N, BU Y, et al. Antioxidant components as
potential neuroprotective agents in sesame (Sesamum indicum
L.)[J]. Food Reviews International, 2010, 26(2): 103-121.
DOI:10.1080/87559120903564464.

[4] R4, &E sumi SR MD]L PERM YR, 1993, 8(ETI1):
55-63.

[5]  RUTKOWSKI A, KACZMAREK S A, HEIDYSZ M, et al. Effect of
extrusion on nutrients digestibility, metabolizable energy and nutritional
value of yellow lupine seeds for broiler chickens[J]. Annals of Animal
Science, 2016, 16(4): 1059-1072. DOI:10.1515/a0as-2016-0025.

[6]  R/NFE, BRFE, HEW, & GERRILZ RHN GG T
W R ISR F (1], B i LAV R, 2004, 25(2): 104-105; 108.
DOI:10.3969/j.issn.1002-0306.2004.02.040.

[71 DENG M D, QIAN H M, CHEN L L, et al. Influence of pre-
harvest red light irradiation on main phytochemicals and antioxidant
activity of Chinese kale sprouts[J]. Food Chemistry, 2017, 222: 1-5.
DOI:10.1016/j.foodchem.2016.11.157.

[8] YUAN G, WANG X, GUO R, et al. Effect of salt stress on phenolic
compounds, glucosinolates, myrosinase and antioxidant activity
in radish sprouts[J]. Food Chemistry, 2010, 121(4): 1014-1019.
DOI:10.1016/j.foodchem.2010.01.040.

[91  ZR¥k, %, PLBE, S5 U2 IR e O AL B 6H KA rb i A v 1
PEEIREIAT]. £ 5 TolkRHE, 2013, 34(11): 85-87. DOI:10.13386/
j.issn1002-0306.2013.11.076.

[10] f&1EtE, Bege, UM, &5 Fh7 ik KR IERIRT St R (D). 1R
2E41, 2014, 40(7): 1141-1156. DOI:10.3724/SP.J.1006.2014.01141.

[13]

[14]

[15]

[16]

[17]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

(31]

HHEE, AR, SEE K. WIS T AR AR SRR R (0], Rk A SR,
2015, 23(3): 21-25.

MURESAN V, DANTHINE S, BOLBOACA S D, et al. Roasted
sunflower Kernel paste (Tahini) stability: storage conditions and
particle size influence[J]. Journal of the American Oil Chemists’
Society, 2015, 92(5): 669-683. DOI:10.1007/s11746-015-2622-7.
TKENER, FEE, REME, & W75 2R R A R KUK 1
Y], P E a5 E IR, 2016, 22(2): 54-58. DOI:10.3969/
jissn.1006-9577.2016.02.012.

ME L EF, WAL, AW B 2R KR S 2R
FRWFAI]. a5, 2015, 28(3): 51-54. DOI:10.3969/
j.issn.1008-9578.2015.03.014.

OZCAN M M, AL JUHAIMI F. Effect of sprouting and roasting
processes on some physico-chemical properties and mineral contents
of soybean seed and oils[J]. Food Chemistry, 2014, 154: 337-342.
DOI:10.1016/j.foodchem.2013.12.077.

AL, /NG, i, A5 RIS K S R I ROSE )],
i T RHE, 2013, 34(5): 109-112.

TR, T, BRA, & AFRLE . WAL AR TR K FUHE R B
RGBT A2, 2016, 30(2): 372-378. DOI:10.11869/
j.issn.100-8551.2016.02.0372.

0, e, A KEF U E Rt D] KEFR
2%,2011, 30(1): 153-157.

RN, AR, BOTIR, SRR WA B TE R 2
W v R [, OGS S286 25, 2011, 28(3): 1101-1107. DOI:10.3969/
j.issn.1004-8138.2011.03.029.

A R () RO S PR FE (D). A TR oK%, 2014: 18.
AR, GERIEE, TR, A R AT VRO T 2R
JRD]. &R, 2017, 38(6): 310-314. DOI:10.7506/spkx 1002-6630-
2017060438.

B R RN DI SE DT VERE FET). IR A B 2258, 2013,
6(5): 166. DOI:10.3969/.issn.1674-3296.2013.05.154.

PR, R, ZRRrh R & B e ORI WU PR R,
1992, 13(3): 34-36.

INENPE, SRFEMH, RE . ICP-OESTE [F] I il 7E #E2 fr v (¥ 8
BYLBGL BEL BRL BEJ] RN LEE, 2015(2): 48-51. DOI:10.3969/
j-issn.1673-6044.2015.02.015.

e RN RS 5 AT M. dE st A sE Tl H L, 2006:
107-108.

FAUGUL, RVTUE, ARG, 55, R AN R G FEE R 5908
TR TR ] &R, 2012, 33(9): 110-113.

HAHM T S, PARK S J, LO Y M. Effects of germination on chemical
composition and functional properties of sesame (Sesamum indicum L.)
seeds[J]. Bioresource Technology, 2009, 100(4): 1643-1647.
DOI:10.1016/j.biortech.2008.09.034.

YAHYA A. Salinity effects on growth and on uptake and
distribution of sodium and some essential mineral nutrients in
sesame[J]. Journal of Plant Nutrition, 1998, 21(7): 1439-1451.
DOI:10.1080/01904169809365494.

BUCHANAN B, GRUISSEM W, JONES R. Biochemistry &
molecular biology of plants[M]. New Jersey: John Wiley & Sons Inc.,
2000: 456-527.

FREL R, ARFAR. b i RO R o 5 AR 130 A )], = B A A
9%, 2007, 29(1): 67-73. DOI:10.3969/j.issn.2095-0845.2007.01.010.
YEN G C. Influence of seed roasting process on the changes in
composition and quality of sesame (Sesame indicum) oil[J]. Journal
of the Science of Food & Agriculture, 1990, 50(4): 563-570.
DOI:10.1002/jsfa.2740500413.



