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Abstract: In order to quickly identify four common monofloral honeys (Medlar honey, Chaste honey, Jujube honey and Locust honey),
non-sugar substances were used in this work. The non-sugar substances of honey were extracted by solid phase extraction (SPE) and sugar was
removed. The determination of honey floral origin was carried out by high performance liquid chromatography (HPLC) combined with
chemometrics. The non-sugar characteristic markers of these four monofloral honeys were found. The contents of rutin, methyl syringate and
ferulic acid were significantly different among the four monofloral honeys. P-hydroxybenzoic acid and abscisic acid can be considered as
floral origin markers of medlar honey with an average content of 0.59 pg/g and 0.42 pg/g, respectively. The average content of p-coumaric and
cinnamic acid in chaste honey is 0.08 pg/g and 0.05 pg/g, respectively, which can be used as potential flower origin markers for chaste honey.
Ferulic acid and isoferulic acid can be the characteristic markers of jujube honey with an average content of 0.40 ug/g and 0.76 ng/g,
respectively. The characteristic markers of locust honey are rutin and methyl syringate with an average content of 0.08 pg/g and 0.14 pg/g,
respectively. HPLC fingerprint combined with chemometrics (principal component analysis and discriminant analysis) was used, and the four
monofloral honeys were successfully distinguished according to their floral origins. This study has important reference value for the
determination of honey authenticity, which lays a foundation for the subsequent identification of honey.
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Table 1 Gradient elution procedure for high performance

liquid chromatography

EFE/min - A48 A% A48 B/%
0 90 10
8 85 15
10 85 15
25 82 18
35 82 18
40 80 20
50 80 20
55 79 21
60 75 25
63 75 25
75 70 30
95 62 38

105 60 40
120 56 44
125 52 48
135 50 50
145 50 50
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Table 2 Standard curves and correlation coefficients of different standards

AR B )2 AR R? LOD/(pug/mL) LOQ/(ug/mL)
xt#2 AR F R y=27.026 x-9.9118 0.9997 2.2x10° 6.8x107
ohrdEBR y=21.566 x+0.1855 0.9992 1.4x10° 45x10°
T A y=24.378 x-0.9762 0.9994 2.2x10° 6.9x10°
a2 y=66.102 x-9.9283 0.9996 1.8x10° 5.4x10°
T 418 y=26.877 x-21.602 0.9995 4.3x10°® 1.3x107
F T #2.8 y=55.321 x-69.543 0.9995 1.7x10° 6.0x10°
T y=84.82 x-28.756 0.9999 4.8x10° 15x10°
T AR P ES y=117.28 x+30.446 0.9999 3.1x10° 1.0x102
P AR y=290.23 x-236.52 0.9996 1.9x10? 5.9x10°
T AR y=129.56 x+0.7791 0.9999 1.2x10° 3.4x107
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Table 3 Instrument precision, stability, repeatability and recovery rate

A R THEM EDR
Ko A (n=6, % RSD) (n=12, % RSD) (n=6, % RSD) (n=3)
demAR bkt AR g at e HmAR Bk F3#1E/% RSD/%
POz & Sk 1.14 1.03 2.04 1.97 0.99 1.12 8320.85 1.03
e 2 2.21 1.98 0.78 1.76 1.68 1.52 93+1.18 1.27
T AR 2.73 1.47 2.32 1.09 1.58 1.64 90£0.79  0.88
*t & 2B 2.01 1.91 1.25 0.94 1.79 1.39 78+157 = 201
T 4R 8% 1.28 1.25 1.23 1.08 0.92 1.44 774072 094
BT AR 1.86 1.27 2.16 0.74 1.77 1.32 79+0.81 1.02
FT 1.66 1.37 242 1.98 2.07 1.99 89+0.69  0.78
T AR T R 2.29 2.11 1.75 1.28 1.44 1.82 85+0.82  0.97
PIAEER 0.74 1.12 1.86 2.16 1.34 1.67 8241.16 141
W358 1.52 1.34 0.73 1.66 2.38 2.12 78+0.98 1.26
4 MBI EIEIRISE
Table 4 The extraction rate of non-sugar substance in four monofloral honeys (n=3)

HEhT % LAk 13%/(mg/g) H a5 e 4 AR 3% /(mglg)
G1 HIHEE 0.19+0.01 Z5 AR 0.27+0.01
G2 HIHEE 0.12+0.01 Z6 RICHEE 0.23+0.02
G3 HIHEE 0.08+0.01 zZ7 RICHEE 0.23+0.01
G4 HIHEE 0.12+0.02 Z8 RICHEE 0.25+0.01
G5 AR 0.12+0.00 Z9 RIEHEE 0.3120.04
G6 AR 0.100.03 Z10 RIE%EE 0.26+0.01
G7 Lk 0.13+0.02 Mean RICHEE 0.27+0.03
G8 Lk 0.13+0.02 Y1 FEE 0.07+0.01
G9 # AT E 0.12+0.01 Y2 AR 0.0620.00

Mean #Aess R 0.1240.03 Y3 FREEE 0.05+0.03
J1 EilE S 0.15+0.01 Y4 FMEE 0.06+0.02
32 EES Y 0.12+0.04 Y5 FREEE 0.09+0.00
J3 FilE S 0.0620.01 Y6 FMEE 0.12+0.01
J4 FiES =X 0.19+0.02 Y7 FMBE 0.10£0.01
J5 ) feie R 0.08+0.00 Y8 FREEE 0.07+0.01
J6 SRSy 0.07+0.02 Y9 FMEE 0.1020.02
J7 ) g 0.13+0.01 Y10 FMEE 0.12+0.03
J8 EilE S 0.14+0.01 Y11 FMEEE 0.08+0.00
J9 SE Sy 0.1420.02 Y12 EMEE 0.10+0.02
J10 R 0.10+0.03 Y13 FMEE 0.08+0.01

Mean R 0.12+0.04 Y14 FMEE 0.08+0.03
Z1 RIEER 0.27+0.02 Y15 FMEE 0.08+0.01
Z2 RIEER 0.24+0.03 Y16 FMEE 0.08+0.02
Z3 RICHEE 0.32+0.01 Mean FREEE 0.08+0.02
Z4 R R 0.29+0.00

VUM AR BRI 3] 8 P AT AEREYI BT, 1X 8 5
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WHAEREH, WA PR S M 3 B Tl S G
YR . BURIE LR pH B, tHdE e g 1 5 A
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Table 5 Content of common non-sugar substances in four monofloral honeys (n=3)

RS PSS e o Al
A SEBR AR FTAEER AT THARTE AR AR SRR

R B
Gl 0.76+0.01 0.12+0.00 0.14+0.02 0.2630.00 0.01£0.02  0.03+0.01 = 0.04+0.00 0.41+0.01 1.78+0.04
G2 0.72+0.01 0.10+0.01 0.13+0.02 0.27+0.04 0.01+0.01  0.03+0.00  0.05+0.02 0.37+0.01 1.68+0.11
G3  054+0.02 0.13+0.02 0.13#0.01 0.27+0.02 0.01£0.01  0.07+0.02 - 0.45+£0.02 1.580.05
G4 0.38+0.00 0.12+0.02 0.11+0.01 0.25%0.03 0.01£0.00  0.06+0.03  0.04+0.03 0.35+0.03 1.33+0.05
G5 056+0.01 0.29+0.02 0.17+0.01 0.27+0.02 0.01£0.01  0.04+0.01 - 0.43+£0.04 1.77+0.08
G6 0.60+0.03 0.25+0.01 0.16+0.02 0.23+0.00 0.01£0.02  0.03+0.01  0.04+0.01 0.43+0.02 1.76+0.05
G7  055+0.02 0.28+0.02 0.17+0.01 0.2440.01 0.02+0.00 0.03+0.01 0.04+0.01 0.44+0.01 1.77+0.06
G8  0.64+0.01 0.31+0.00 0.18+0.01 0.24+0.00 0.01+0.02  0.040.01 - 0.44+0.00 1.85+0.03
G9 058+0.01 0.31+0.03 0.17+0.00 0.26%0.02 0.01+0.00  0.04+0.00  0.04+0.02 0.44+0.03 1.86+0.08
Mean 059+0.11 0.21+0.09 0.15+0.02 0.26£0.01 0.01+0.00  0.04+0.01  0.04+0.00 0.42+0.04 1.71+0.17
J1 039000 0.10+0.01 0.15+#0.01 0.22+0.01 0.02+0.00 0.03+0.00  0.04+0.02 0.13+0.02 1.07+0.04
J2 021001 0.05+0.01 0.16+0.01 0.16+0.00 - 0.03+0.01  0.05+0.01 0.11+0.01 0.77+0.04
J3  049+0.04 0.11+0.02 0.15+#0.01 0.19+0.01 0.01+0.02  0.05+0.02  0.05+0.00 0.25+0.01 1.31+0.06
J4  0.62+0.02 0.09+0.01 0.16+0.00 0.22+0.01 0.01+0.01  0.03+0.00  0.04+0.01 0.12+0.01 1.28+0.04
J5 0394001 0.07+0.01 0.16+0.02 0.17+0.00 0.02+0.01  0.03#+0.02  0.05+0.01 0.23+0.01 1.13+0.05
J6  0.66+0.01 0.08+0.00 0.14+0.01 0.22+0.02 - 0.03+0.01  0.04+0.02 0.38+0.02 1.57+0.06
J7 1.03+0.01 0.07+0.03 - 0.20+0.01 0.01+0.00  0.04+0.01  0.05+0.03 0.08+0.00 1.48+0.08
J8  0.85+0.02 0.10+0.00 - 0.24+0.02 0.01+0.03  0.03+0.01  0.05+0.02 0.07+0.01 1.35+0.04
J9 1.04+0.02 0.06+0.01 0.17+0.02 0.23#0.00 0.02+0.03  0.03+0.01  0.05+0.01 0.05+0.02 1.65+0.05
JIO 0.77+0.01 0.11+0.03 0.16+0.01 0.17+0.02 0.01+0.01 0.03+0.03  0.05+0.02 0.19+0.01 1.50+0.05
Mean 0.65+0.28 0.08+0.02 0.16+0.01 0.20+0.03 0.01+0.00 0.03+0.01  0.05+0.01 0.16+0.10 1.31+0.26
Z1 0104001 0.13+0.00 0.37+0.01 0.76+0.01 0.01+0.00 0.09+0.02  0.05+0.01 0.08+0.00 1.60+0.02
Z2 0104001 0.16+0.01 0.41+0.00 0.75+0.01 0.02+0.01  0.10+0.02  0.06+0.01 0.15+0.01 1.74+0.04
Z3 0114000 0.13+0.00 0.38+0.02 0.77+0.02 0.01+0.01  0.09+0.01  0.06+0.01 0.19+0.01 1.73+0.05
Z4 0124002 0.14+0.01 0.44+0.01 0.85+0.02 0.02+0.01 0.10+0.01  0.06+0.01 0.09+0.00 1.80+0.06
Z5 0104000 0.14+0.01 0.37+0.00 0.65+0.01 0.01+0.01 0.08+0.01  0.05+0.01 0.07+0.02 1.48+0.03
Z6 0104001 0.14+0.02 0.41+0.01 0.64+0.01 0.01+0.00 0.09+0.01  0.05+0.01 0.06+0.00 1.48+0.04
Z7  0.09+0.01 0.15£0.01 0.41+0.01 0.71+0.01 0.01+0.01  0.09+0.02  0.05+0.02 0.05+0.01 1.56+0.06
Z8 0104001 0.16+0.02 0.35+#0.02 0.76+0.01 0.01+0.00 0.09+0.03  0.05+0.00 0.08+0.01 1.60+0.06
BTR
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ELER
Z9 0.12£0.00 0.16+0.02 0.42+0.01 0.84+0.00 0.02+0.01 0.08+0.02 0.05£0.01 0.09+0.01 1.79+0.09
Z10 0.12+0.01 0.14#0.01 0.42+0.02 0.85+0.01 0.02+0.00  0.09+0.02 0.06+0.01 0.10+0.01 1.80+0.09
Mean 0.11+0.01 0.14#0.01 0.40+0.03 0.76+0.08 0.01+0.00  0.09+0.01 0.05+0.00 0.09+0.04 1.66+0.13
Y1 0.28£0.01 0.10+0.03 0.19+0.03 0.42+0.01 0.04%0.02 0.08+0.00  0.05+0.01 0.36£0.03 1.54+0.07
Y2 0.23£0.01 0.10+0.01 0.19+0.01 0.42+0.01 0.07+£0.01 0.09+0.01 0.06£0.02 0.47+0.04 1.62+0.10
Y3 0.21£0.00 0.10+0.02 0.20£0.02 0.43+0.01 0.07£0.01 0.06+0.01 0.05+0.01 0.30+0.01 1.43+0.03
Y4 0.21£0.01 0.10+0.00 0.20£0.01 0.44+0.02 0.08£0.00 0.11+0.01 0.05+0.00 0.35+0.02 1.54+0.06
Y5 0.25£0.01 0.09+0.01 0.20£0.00 0.32+0.00 0.12#0.00 0.11+0.02 0.06£0.01 0.47+0.01 1.62+0.05
Y6 0.23£0.01 0.11+0.01 0.20£0.01 0.41+0.02 0.11£0.01 0.17+0.01 0.06£0.01 0.41+0.01 1.71+0.05
Y7 0.25£0.02 0.10+0.01 0.19+0.01 0.44+0.01 0.07£0.02 0.18+0.01 0.05£0.01 0.46+0.02 1.75+0.08
Y8  0.22+0.01 0.11+0.01 - 0.55£0.01 0.11+0.01  0.09+0.02  0.05+0.02 0.52+0.00 1.66x0.05
Y9 0.22+0.00 0.10+0.01 0.19+0.01 0554001 0.074#0.01 0.07+0.03 0.05+0.01 0.33+0.03 1.58+0.10
Y10 0.23+0.01 0.11+0.00 0.20+0.01 0.43+0.02 0.05+0.00 0.19+0.01  0.05+0.00 0.30£0.01 1.56+0.05
Y11 0.26£0.01 0.10+0.01 - 0.224£0.01 0.14+0.01 0.20+0.01 0.05£0.01 0.46+0.01 1.43+0.04
Y12 0.23#0.01 0.11+0.01 - 0.26£0.01 0.03+0.01  0.15+0.01 =~ 0.05+0.01 0.35+0.01 1.18+0.04
Y13 0.28+0.00 0.12+0.00 0.18+0.01 0.35+0.01 0.08+0.01 0.16+0.03  0.05+0.02 0.34+0.02 1.55+0.09
Y14 0.25+0.01 0.11+0.01 0.1940.02 0.35£0.00 0.08+0.02 0.17+0.01  0.05+0.00 0.41+0.00 1.61+0.07
Y15 0.29+0.01 0.10+0.01 0.1740.01 045+£0.02 0.09+0.01 0.17+0.02 0.06£0.01 0.31+0.01 1.63+0.07
Y16 0.23+0.00 0.10+0.01 - 0.48+0.01 0.09+0.02 0.18+0.01  0.05+0.01 0.31+0.01 1.45+0.04
Mean 0.24+0.03 0.10+0.01 0.19+0.01 0.41+0.09 0.08+0.03  0.14+0.05 0.05+0.00 0.38+0.07 1.55+0.14
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Fig.1 HPLC chromatographic fingerprints of four monofloral honeys
E: () MAHEE: (b): FIFEE: (0): RAEBE: (d): FHHEE
. . . K 1 9 DU R A S ARV T VB TR S -
FEATRIERISIESEE .

23 Pk, LM, TR BRI L B

268



MR BRI

Modern Food Science and Technology

2020, Vol.36, No.2

T4 300 304 23 Fll 21 AN IE, Hykdig s Ak
Ted s R AEREYI R S EAR R s, HEE R
W% AR AR E R SRR AT 5, 3%
B, X5 2.2 SEIas B —3. ISR
Z A ARACA T e, AHABLEE VR 0.894~0.942. 9 iy
O BERE B O ARBARE AN 0.879 28 0.934. i 2414 % (AR
AETE 0.819~0.928 2 [H], VFARIEEFE S PIARLELE
0.886~0.921 2 [f]. #AIf, FIFKIEEFE I 2 MIAHAE
B, 1H 0.605, 1T AESE HH Tt BG4
FRW, FFEE TR SRl AN RIS A
(IF e S RS AE A U DA B A U R U i) e TR AR
HIEER,

24 WEALTEZD

a 7 B B
1.0 o
SE ©
(=
R
05k °
T FFEL A
o
0.0 -
' HEER e
051
AR
o
-10 C 1 L 1 1
-1.0 0.5 0.0 0.5 1.0
b "
25+ 1 VE P
2 Ml i 5
i 3 I
4 BRI E
5 £l
5 24
5 =3 =
-15F
_25 1 1 1 1 1
20 -10 0 10 20

B 2 Wit BFHH
Fig.2 Chemometric analysis

E: (@ 2RSS (D) o HHISH

ASEISSENNR 7 45 MEEREA . KH SPSS Bt
HEATVUF AR R 8 NI ECHD 8 NMLAARREYIID
(B AT A S A o R b F TR B A
LSRR . SEB R e TR, A EET
N 89.278%, XA 4 T LAMR AT H AR Fe i vh vy
bR . E 1 HE 68.660%, Easr 2 b
20.618%. FRsr 1 AT TARRTEG. RN
KRR . ERST 2 HPTERRR . FRIBiIR . & &
PRI F2 T2 FH IR ZH . X 8 AN I B B 1,
2 Ay 1 DL 2a

FEXE R HTIIFER L, TR T = AN R Bt
AT, H—A k% Wilks” Lambda=0.000,
X?=368.241, df=24, p<0.05: 5 — M Ei%: Wilks’
Lambda=0.002, X?=188.463, df=14, p<0.05; =1
BRi%: Wilks’ Lambda=0.243, X*=53.776, df=6, p<0.05.
B ANRBUREFE N 112,408, J5 2 A 75.4%;
5 ANRBUTRFEE Ny 33.618, 52 A 22.5%;
FEARBUREFE N 3.117, 7z N 2.1%, J7
Z 2T 100%, 2R RIF. 4581 2b fioR.
1k, R P B e e A W T A 2 DU A e A e i
XA R — 2 s e B AL R B s S

25 IGIFECIE

X DU R B AR B 1) %% 5 AR AT BRI - 4% 1.3
HRTVEST R AT AL B, FESRIS AR I3 (5
B2 S5, I AR B R bR BN I A S AT
WILHIE, FEEFRG rFRE B i e T
o N 3 R, BT =ANRERAIR .
ANF#: Wilks” Lambda=0.000, X?=158.390, df=24,
p<0.05; % — /N PR % : Wilks® Lambda=0.002 ,
X’=82.664, df=14, p<0.05; %5 =% Wilks’
Lambda=0.079, X?=32.943, df=6, p<0.05. —A i
BIRFIE(E N 337.685, J5 72 (5 LK 85.1%; 55 /MR
BRIEE S 44.817, JT7722 5N 11.4%; 55 =R
RIS 11.605, 777 N 2.9%. IIFFEAHE
FCIF, VYA BRI A S8 A o I, REHA i
R AE A R 5T 5 1) A e B — o AR T

257 1 VEALG B
2 i i
sk o 3m%ﬁ$
23 4 ARG
5r =4
=2
&l
_5 L o
-15 L 1 1 1 1 1 1 1

-30 -20 -10 0 10 20 30

[ 3 sEEAEARRFIR AT

Fig.3 The discriminant analysis of honey samples
3 ZEip
A SR F [ AH A5 B B 2 (R R s Ay, 4
fe T ARNE R AR . 7 T MAC I | e
I 2 e B DA R O e 2 DU b B4 0 B AR W ko) 1Y)
HPLC faar i, k2 1 DU el & 1 RERR B4,
ST SRR, REEE T IX DR AR

269



MR BRI

Modern Food Science and Technology

2020, Vol.36, No.2

WEEL T T AR R AR SRR i A DU A e
AT R AERE R AHIF AT 5 R e 3 o [OARAE
AR AR RS PRI BT SRR, EE AR s
MEMIRIRVIT AN R K, ke XD
PR EE B R BRI ) i e v SR ) TAR R
Tt MENS%.

B Sk

(1]

(2]

(3]

(4]

(5]

(6]

[7]

(8]

(9]

[10]

[11]

270

Ku$ P M, Congiu F, Teper D, et al. Antioxidant activity,
color characteristics, total phenol content and general HPLC
fingerprints of six Polish unifloral
LWT-Food Science and Technology, 2014, 55(1): 124-130

Machado De-Melo A A, Almeida-Muradian L B D, Sancho
M T, et al. Composition and properties of Apis mellifera

honey types [J].

honey: A review [J]. Journal of Apicultural Research, 2018,
57(1): 5-37

Naila A, Flint S H, Sulaiman A Z, et al. Classical and novel
approaches to the analysis of honey and detection of
adulterants [J]. Food Control, 2018, 90: 152-165

Amaral T 'Y, Padilha | G, Presidio G A, et al. Antimicrobial
and anti-inflammatory activities of Apis mellifera honey on
the helicobacter pylori infection of Wistar rats gastric mucosa
[J]. Food Science and Technology, 2017, 37: 34-41

Hussain M B. Role of honey in topical and systemic bacterial
infections [J]. Journal of Alternative and Complementary
Medicine, 2018, 24(1): 15-24

Sawazaki T, Nakajima Y, Urai T, et al. Efficacy of honeydew
honey and blossom honey on full-thickness wound healing in
mice [J]. Wounds-a Compendium of Clinical Research and
Practice, 2018, 30(7): 197-204

Hossen M S, Ali M Y, Jahurul M H A, et al. Beneficial roles
of honey polyphenols against some human degenerative

diseases: A review [J]. Pharmacological Reports, 2017, 69(6):

1194-1205

Khan S U, Anjum S |, Rahman K, et al. Honey: Single food
stuff comprises many drugs [J]. Saudi Journal of Biological
Sciences, 2018, 25(2): 320-325

Meo S A, Al-Asiri S A, Mahesar A L, et al. Role of honey in
modern medicine [J]. Saudi Journal of Biological Sciences,
2017, 24(5): 975-978

Schuhfried E, Del Pulgar J S, Bobba M, et al. Classification
of 7 monofloral honey varieties by PTR-ToF-MS direct
headspace analysis and chemometrics [J]. Talanta, 2016, 147:
213-219

Tiwari K, Tudu B, Bandyopadhyay R, et al. Identification of

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

monofloral honey using voltammetric electronic tongue [J].
Journal of Food Engineering, 2013, 117(2): 205-210
Zhao J, Du X, Cheng N, et al. Identification of monofioral
honeys using HPLC-ECD and chemometrics [J]. Food
Chemistry, 2016, 194: 167-174
Se K W, Wahab R A, Syed Yaacob S N, et al. Detection
techniques for adulterants in honey: Challenges and recent
trends [J]. Journal of Food Composition and Analysis, 2019,
80: 16-32
Siddiqui A J, Musharraf S G, Choudhary M |, et al.
Application of analytical methods in authentication and
adulteration of honey [J]. Food Chemistry, 2017, 217: 687-
698
Downey G, Fouratier V, Kelly J D. Detection of honey
adulteration by addition of fructose and glucose using near
infrared transflectance spectroscopy [J]. Journal of near
Infrared Spectroscopy, 2003, 11(6): 447-456
Bertelli D, Lolli M, Papotti G, et al. Detection of honey
adulteration by sugar syrups using one-dimensional and
two-dimensional high-resolution nuclear magnetic resonance
[J]. Journal of Agricultural and Food Chemistry, 2010, 58(15):
8495-8501
Castro-Vazquez L, Leon-Ruiz V, Alanon M E, et al. Floral
origin markers for authenticating Lavandin honey (Lavandula
angustifolia x latifolia) discrimination from lavender honey
(Lavandula latifolia) [J]. Food Control, 2014, 37: 362-370
Ferreres F, Andrade P, Tomés-Barberdn F A. Natural
occurrence of abscisic acid in heather honey and floral nectar
[J]. Journal of Agricultural & Food Chemistry, 1996, 44(8):
2053-2056
Oelschlaegel S, Gruner M, Wang P-N, et al. Classification
and characterization of manuka honeys based on phenolic
compounds and methylglyoxal [J]. Journal of Agricultural
and Food Chemistry, 2012, 60(29): 7229-7237
Mattonai M, Parri E, Querci D, et al. Development and
validation of an HPLC-DAD and HPLC/ESI-MS2 method
for the determination of polyphenols in monofloral honeys
from Tuscany (Italy) [J]. Microchemical Journal, 2016, 126:
220-229
Kek S P, Chin N L, Yusof Y A, et al. Total Phenolic
Contents and Colour Intensity of Malaysian Honeys from the
Apis spp. and Trigona spp. Bees [M]. Chin N L, Man H C,
Talib R A. 2nd International Conference on Agricultural and
Food Engineering. City, 2014: 150-155

(#2113 50



