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Abstract: [Objective]Fruit quality is an important basis for evaluating fruit varieties and determines
their competitiveness in the market. Sugar and acid components are important indicators of fruit flavor
and quality. Hybrid citrus from natural or artificial hybridization between citrus species have the charac-
teristics of nutrition, flavor and peeling easiness of citrus, tangerine, orange, or pomelo. Therefore, hy-
brid citrus play an important role in the adjustment of the citrus variety structure. At present, research
on hybrid citrus mainly focuses on the aspects of botanical characters, biological characteristics and cul-
tivation techniques, and very few studies have made on fruit quality, especially sugar and acid composi-
tion. This paper comprehensively evaluated the sugar and acid components and sweet-sour flavor char-
acteristics of 8 introduced hybrid citrus cultivars in Zhejiang. [Methods]lon chromatography and high-
performance liquid chromatography were used to determine the compositions and contents of sugars
and acids in the fruits, and the sweetness value, sweet-sour ratio, and sugar-acid ratio were used as the
indexes for evaluation. An ion chromatography electrochemical detector and a standard four-potential
acquisition method with a PA10 anion exchange column (4 mm x 250 mm) and the same type of guard
column were used to determine sugar components. Mobile phase A was water while B was 200 mmoL-L"
NaOH with gradient elution and equilibration for 5 min. High-performance liquid chromatography with
a C18 column (4.6 mmx=300 mm, 5 um) and the same type of guard column was used to determine acid
components. The column temperature was 40 C, the flow rate was 0.5 mL - min™', the detection wave-
length was 210 nm, and the mobile phase was KH,PO, buffer with a pH value of 2.65 (containing 0.5%

methanol). The collection time was 35 min and quantification was made using the external standard
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method. The soluble solids (TSS) were measured by a Brix meter (PAL-1), and the titratable acid (TA)
was measured with titration. Data processing and statistical analysis were performed using Microsoft
Excel 2007 and SPSS 19.0 software, respectively.[Results1The total sugar content in fruits of the 8 cit-
rus cultivars was in the range of 83.78-127.66 mg - g'', in an order of ‘Hongmeiren’ > ‘Huangmei-
ren” > ‘Kanpei’ > ‘Asumi’ > ‘Orah 091° > ‘Haruka’ > ‘Himekoharu’ > ‘Harumi’, and the main
sugar components were glucose, fructose and sucrose. Sucrose accounted for 41.54%-64.60% of the to-
tal soluble sugars, and the contents of glucose and fructose were similar. The total acid content ranged
between 6.28 and 10.70 mg - g'', and the content of citric acid, malic acid and shikimic acid accounted
for 45.58%-88.06%, 7.84%-53.22% and 1.14%-9.59% of the total acid content, respectively. The total
acid content in the eight hybrid citrus cultivars was in the order of ‘Kanpei’” > ‘Asumi’ > ‘Huangmei-
ren’ > ‘Hongmeiren’ > ‘Himekoharu’ > ‘Harumi’ > ‘Orah 091’ > ‘Haruka’. The content of malic
acid in ‘Haruka’ and ‘Orah 091’ was higher than in the other cultivars, and the contents of fructose,
glucose and shikimic acid in ‘Huangmeiren’ were the highest. ‘Hongmeiren’ had the highest total
sweetness, sweet- sour ratio and sugar- acid ratio. The taste of the 8 hybrid citrus cultivars fell in 5
grades including sour, sweet, sweet-sour, palatable sour-sweet and sour-sweet, and the rate of sweet-
sour was in the order of ‘Hongmeiren’ > ‘Huangmeiren’ > ‘Orah 091° > ‘Haruka’ > ‘Asumi’ >
‘Himekoharu’ > ‘Harumi’ > ‘Kanpei’. The total sweetness of ‘Kanpei’ was not low, because of the
influence of organic acids, its sweet-sour ratio and sugar-acid ratio were the smallest among the 8 hy-
brid citrus.[Conclusion] The sugars of ‘Huangmeiren’, ‘Asumi’ and ‘Kanpei’ among the 8 hybrid cit-
rus accumulated both hexose and sucrose, while the other 5 varieties accumulated mainly sucrose. The
sum of citric acid and malic acid in the 8 hybrid citrus cultivrs accounted for > 90% of the total acids.
The ratio of malic acid to citric acid in ‘Haruka’ and ‘091 Wokan’ was similar, and the others were
dominated by citric acid. Due to the differences in the contribution of sugar and acid components to
taste, the sweet-sour ratio, sugar-acid ratio and solid-acid ratio were used in this study to rank the variet-
ies. The results of sugar-acid ratio and sweet-sour ratio were generally consistent, but the evaluation re-
sults based on solid-acid ratio, sweet-sour ratio and sugar-acid ratio had greater deviations. Finally, it
was suggested that the sweet-sour ratio or sugar-acid ratio can be used as the quality evaluation index.
This study provides data for selection and promotion of citrus varieties as well as reference of citrus fla-
vors for consumers.
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Table 1 The dates of sampling for eight citrus cultivars
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Cultivar Maturity stage(Ningbo area) Sampling date

HF Kanpei 2H FH—3 HH 2020-03-10
Late Feb. to Middle Mar.

B W, Asumi 2HTHE—3HTH 2020-03-10
Late Feb. to Middle Mar.

41 5% A\ Hongmeiren 1A FA—1H A 2020-01-10
Late Nov. to Early Jan.

%55 \ Huangmeiren 2 A FH—3 A4 2020-03-10
Late Feb. to Middle Mar.

¥ Haruka R2HFH—1H 2020-01-20
Middle Dec. to Jan.

1% /N3 Himekoharu LA TH—2HTH 2020-03-10
Late Jan. to Late Feb.

091 7K Aif Orah 091 IHTFH—3H 2020-03-22
Late Jan. to Mar.

4 W, Harumi 2HTH—3H 2020-03-22

Late Feb. to Mar.
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Table 2 The concentrations of soluble sugars in eight citrus cultivars (mean+SE)

H b wH & B wCRBD w(EERE wCEHD Gk EN
Cultivar Glucose content/(mg-g") Fructose content/(mg-g") Fructose content/(mg* g") Total sugar content/(mg-g') Glucose/Fructose
‘HF Kanpei 29.13+0.03 ¢ 29.88+0.05¢ 57.02+0.25 ¢ 116.04+£0.27 b 0.97

B H . Asumi 31.60+0.41 b 30.47+0.35 b 51.57+0.24 f 113.64+0.99 ¢ 1.04
4155 \ Hongmeiren ~ 26.09+0.16 d 25.64+0.15 d 75.93+0.42 a 127.66£0.74 a 1.02
#3% N\ Huangmeiren 34.43+0.47 a 34.41+0.59 a 48.91+0.82 g 117.75£1.87 b 1.00

%7t Haruka 18.53+0.07 f 19.61+0.17 £ 67.67+0.41 b 105.81+0.66 d 0.94
1%/ Himekoharu ~ 15.05+0.12 h 16.31£0.14 g 57.23+0.44 d 88.59+0.70 ¢ 0.92

091 KA Orah 091 21.904+0.09 e 22.30+0.09 e 62.83+0.34 ¢ 106.98+0.51 d 0.98

Z ). Harumi 15.65+0.26 g 15.96+0.35 g 52.17+0.91 f 83.78+1.52 f 0.98
“F-¥{8 Mean 24.04+7.06 24.32+46.61 59.17+8.76 107.53£14.23 0.98

5 RELCVI% 80.62 75.86 45.67 40.81 12.24

W A NG FARAGRA R A EIE 0.05 K L2FEE. .

Note: Different small letters in the same column indicate significant differences among different cultivars at p < 0.05. The same below.
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Fig. 1 The proportion of each sugar component in fruits

R RANE (64.60%) > F A (63.95%) > F MW’
(62.27% ) > 2L 3£ N 7 (59.48% ) >091 ik #it ’
(58.73%) , T Fe 43 /N T 50% 1) 3 S S Fi oy H P
(49.14% ) > “ B H I~ (4538%) > ‘#H £ N’
(41.54% ) , JRE 7l LU AR B8 /)N 2 VoA ) 2 0 SR L
Ko

8 AN AT b B ) E L R OBE LB o
16.99%~29.24% 1 18.42%~29.22% , Hi < #5235 N’
I 2R S S LU AR 20 ) B K, L TR] — ot ol 10 7 A
FRE LLAE AR s LL25% N 5, <3592 N7 B H UL AN
CH T3S 2 A A A I R SR BE LR Y R T
25% , T 20 05 L S BE S8 0 SHE (OB TR R —
ToHE, RN R RN RN 091K

R3 S RIMERRIMRITNBENEBRIE

IR 23 AR B DARERE S 3, 1 B3 N B H WL A
CHSF Sy OB RN R R R AR B T8 A R L SR )
FAB T — P A TR A 2 AR R B — 1 &
23 BB EENH

X 8 AN i Bl SR SR HEAT T 9 B K R H L
AR CGERIR FEERR FTER 8 DR VHR A
R 22 JE TR VBRI IR W FLIR ) S | AR, 45 5 HAa
HE R E R TER . E SR (SRR 4F
(R NTBERR G2, O ERIR FFE IR
B SR & i BRI AT AR R T = 4 BN 2.86~9.21
mg-g", A5 REGA 111.40%, 8 A b Flt [ S5 A7 AE 2 2%
Z5. MEREENSENRHT N HF > H
W >GR/NFR > EEN > UAEN > FIN >

CRHEHREIRE)

Table 3 Concentrations of organic acids in eight citrus cultivars (mean+SE)

- wOERER) w(ZEHER) wTHHER) w(E LD wCRER)
uCuleivar Malic acid Shikimic Citric acid Fumaric acid Total acid

content/(mg-g") acid content/(mg* g") content/(mg-g") content/(mg-kg") content/(mg-g")
HF Kanpei 1.01£0.04 ¢ 0.48+0.02 ¢ 9.21£0.02 a 0.37+0.03 g 10.70+0.04 a
B H . Asumi 0.81+0.00 f 0.34+0.00 d 7.60£0.04 b 0.71£0.05 f 8.75+0.03 b
1. 9% \ Hongmeiren 1.30+0.01 ¢ 0.17+0.00 f 5.68+0.01 ¢ 1.10+0.16 d 7.15£0.02 ¢
7% N\ Huangmeiren 0.56+0.01 h 0.69+0.01 a 5.93+0.04 d 1.00+0.01 de 7.18+0.04 ¢
%+ 7% Haruka 3.34+0.03 a 0.07+0.00 g 2.86+0.03 h 1.31£0.03 ¢ 6.28+0.01 f
% /N4 Himekoharu 0.66+0.03 g 0.17+0.00 f 6.16x0.15 ¢ 2.11£0.05 a 6.99+0.18 d
091 JXAif Orah 091 2.96+0.01 b 0.31£0.01 e 3.09+0.02 g 1.70£0.02 b 6.35+0.01 f
% ). Harumi 1.18+0.04 d 0.52+0.01 b 5.14+0.04 f 0.92+0.00 e 6.85+0.08 e
“F¥{H Mean 1.48+1.02 0.34+0.20 5.70+2.02 1.10+0.52 7.53+1.42
AT RECVIY% 181.08 21.01 111.40 157.27 58.70

T R AR VR R R VBRIARR S FLRR AR ) LRI

Note: Oxalic acid, tartaric acid, quinic acid, succinic acid, lactic acid were not detected and not listed.
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Fig. 2 The proportion of each acid component in fruits
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Table 4 Comparison of fruit flavor parameters in 8 citrus cultivars (mean+SE)
s S RE RERLL PEIR L [ Fi L FURPFOY
Cultivar Sweetness value/(mg-100g") Sweetness/Acid Sugar/Acid TSS/TA Flavor
‘H P Kanpei 1311.68+3.11 ¢ 1225.65£1.12 ¢ 10.84+0.01 g 14.72£0.33 f  [&#H Sour and sweet
B3 H L Asumi 1285.96+11.52d 1469.93+£7.71 d 12.99+0.07 d 22.87+0.28 d 2 Sweet and sour
43¢ \ Hongmeiren 1403.70+8.05 a 1962.41£15.80 a 17.85+0.14 a 24.80+0.44 c El Sweet
%55 A\ Huangmeiren  1349.49+21.97 b 1 879.52+£19.22 b 16.4040.16 ¢ 25.05+0.20 ¢ filf Sweet
475 Haruka 1 158.88+7.70 f 1 844.68+14.17 ¢ 16.84+0.12 b 28.39+0.83 b iilf Sweet
% /IN#7: Himekoharu 970.62+7.81 g 1 388.72423.60 ¢ 12.67+0.22 ¢ 21.44+033 ¢  [RHiE [ Palatable sour and sweet
091 YK 4 Orah 091 1182.36+5.58 ¢ 1861.12+12.47bc  16.84+0.11 b 33.28+0.49a  fil Sweet
7 WL Harumi 918.35+17.18 h 1340.72+8.64 f 12.23+0.07 £ 22.66+0.36d  [R#IE ] Palatable sour and sweet
~F#5){H Mean 1197.63£168.76 1 621.59+280.64 14.5842.55 24.1545.16 /
5 R CVI% 40.53 45.43 48.08 76.85 /

T FUBPPO 70 AR SRR AT BRI 1 S RITR Al 5 2.

Note: The taste evaluation is divided into 5 grades: sour,sweet and sour, palatable sour and sweet, sweet and sour and sweet.
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